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PREFACE 
 

1.  Status of this document 

 

Unless otherwise stated, references to ‘the Directive’ in this document refer to Directive 

2010/75/EU of the European Parliament and the Council on industrial emissions (integrated 

pollution prevention and control) (Recast). 

 

This document is a working draft of the European IPPC Bureau (of the Commission's Joint 

Research Centre). It is not an official publication of the European Union and does not 

necessarily reflect the position of the European Commission. 

 

2.  Participants in the information exchange 

 

As required in Article 13(3) of the Directive, the Commission has established a forum to 

promote the exchange of information, which is composed of representatives from Member 

States, the industries concerned and non-governmental organisations promoting environmental 

protection (Commission Decision of 16 May 2011 establishing a forum for the exchange of 

information pursuant to Article 13 of the Directive 2010/75/EU on industrial emissions (2011/C 

146/03), OJ C 146, 17.05.2011, p. 3). 

 

Forum members have nominated technical experts constituting the technical working group 

(TWG) that was the main source of information for drafting this document. The work of the 

TWG was led by the European IPPC Bureau (of the Commission's Joint Research Centre). 

 

3. Structure and contents of this document 

 

Chapters 1 and 3 provide general information on the Large Volume Organic Chemicals sector as 

a whole and on the industrial processes and techniques used within this sector. 

 

[Note to TWG: TWG members are asked to consider whether it would be better to reverse the 

order of Chapters 2 and 3.] 

 

Chapter 2 describes in more detail those processes and techniques which are generally applied 

across the sector. 

 

 Sections 1 and 2 of Chapter 2 provide general information on the industrial process or 

processes and on the techniques used in the sector. 

 Section 3 of Chapter 2 provides data and information concerning the environmental 

performance of installations in the sector, and in operation at the time of writing, in 

terms of current emissions, consumption and nature of raw materials, water 

consumption, use of energy and the generation of waste. 

 Section 4 of Chapter 2 describes in more detail the techniques to prevent or, where this 

is not practicable, to reduce the environmental impact of installations in the sector that 

were considered in determining the BAT. This information includes, where relevant, the 

environmental performance levels (e.g. emission and consumption levels) which can be 

achieved by using the techniques, the associated monitoring and the costs and the cross-

media issues associated with the techniques. 

 Section 5 of Chapter 3 presents information on 'emerging techniques' as defined in 

Article 3(14) of the Directive. 

 

Chapters 4 to 16 describe 13 processes which are illustrative of the Large Volume Organic 

Chemicals Sector. Each chapter follows the structure below: 

 

 Sections 1 and 2 of Chapters 4 to 16 provide general information on the industrial 

process or processes and on the techniques used within this part of the sector. 
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 Section 3 of Chapters 4 to 16 provides data and information concerning the 

environmental performance of installations within this part of the sector, and in 

operation at the time of writing, in terms of current emissions, consumption and nature 

of raw materials, water consumption, use of energy and the generation of waste. 

 Section 4 of Chapters 4 to 16 describes in more detail the techniques to prevent or, 

where this is not practicable, to reduce the environmental impact of installations in this 

part of the sector that were considered in determining the BAT. This information 

includes, where relevant, the environmental performance levels (e.g. emission and 

consumption levels) which can be achieved by using the techniques, the associated 

monitoring and the costs and the cross-media issues associated with the techniques. 

 Section 5 of Chapters 4 to 16 presents information on 'emerging techniques' as defined 

in Article 3(14) of the Directive for this part of the sector. 

 

Chapter 17 presents the BAT conclusions as defined in Article 3(12) of the Directive.  

 

[Note to TWG: In the final version of the BREF, the emerging techniques will probably be 

pulled together into a single chapter.] 

 

Concluding remarks and recommendations for future work are presented in Chapter 18. 

 

4. Information sources and the derivation of BAT 

 

This document is based on information collected from a number of sources, in particular 

through the TWG that was established specifically for the exchange of information under 

Article 13 of the Directive. The information has been collated and assessed by the European 

IPPC Bureau (of the Commission's Joint Research Centre) who led the work on determining 

BAT, guided by the principles of technical expertise, transparency and neutrality. The work of 

the TWG and all other contributors is gratefully acknowledged. 

 

The BAT conclusions have been established through an iterative process involving the 

following steps: 

 

 identification of the key environmental issues for the sector; 

 examination of the techniques most relevant to address these key issues; 

 identification of the best environmental performance levels, on the basis of the available 

data in the European Union and worldwide; 

 examination of the conditions under which these environmental performance levels 

were achieved, such as costs, cross-media effects, and the main driving forces involved 

in the implementation of the techniques; 

 selection of the best available techniques (BAT), their associated emission levels (and 

other environmental performance levels) and the associated monitoring for this sector 

according to Article 3(10) of, and Annex III to, the Directive. 

 

Expert judgement by the European IPPC Bureau and the TWG has played a key role in each of 

these steps and the way in which the information is presented here. 

 

Where available, economic data have been given together with the descriptions of the 

techniques presented in Chapter 2 and Chapters 4 to 16. These data give a rough indication of 

the magnitude of the costs and benefits. However, the actual costs and benefits of applying a 

technique may depend strongly on the specific situation of the installation concerned, which 

cannot be evaluated fully in this document. In the absence of data concerning costs, conclusions 

on the economic viability of techniques are drawn from observations on existing installations. 
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5. Review of BAT reference documents (BREFs) 
 

BAT is a dynamic concept and so the review of BREFs is a continuing process. For example, 

new measures and techniques may emerge, science and technologies are continuously 

developing and new or emerging processes are being successfully introduced into the industries. 

In order to reflect such changes and their consequences for BAT, this document will be 

periodically reviewed and, if necessary, updated accordingly. 

 

6. Contact information  
 

All comments and suggestions should be made to the European IPPC Bureau at the Institute for 

Prospective Technological Studies at the following address: 

 

European Commission 

Joint Research Centre 

Institute for Prospective Technological Studies  

European IPPC Bureau 

Edificio Expo 

c/ Inca Garcilaso, 3 

E-41092 Seville, Spain 

Telephone: +34 95 4488 284 

Fax: +34 95 4488 426 

E-mail: JRC-IPTS-EIPPCB@ec.europa.eu 

Internet: http://eippcb.jrc.ec.europa.eu 

 

 

mailto:JRC-IPTS-EIPPCB@ec.europa.eu
http://eippcb.jrc.ec.europa.eu/
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SCOPE 
 

This BREF for the Large Volume Organic Chemicals industry (LVOC) covers the following 

activities within the scope of Annex I to Directive 2010/75/EU: 

 

4.1.  Production of organic chemicals, such as: 

(a) simple hydrocarbons (linear or cyclic, saturated or unsaturated, aliphatic or 

aromatic); 

(b) oxygen-containing hydrocarbons such as alcohols, aldehydes, ketones, 

carboxylic acids, esters and mixtures of esters, acetates, ethers, peroxides and 

epoxy resins; 

(c) sulphurous hydrocarbons; 

(d) nitrogenous hydrocarbons such as amines, amides, nitrous compounds, nitro 

compounds or nitrate compounds, nitriles, cyanates, isocyanates; 

(e) phosphorus-containing hydrocarbons; 

(f) halogenic hydrocarbons; 

(g) organometallic compounds. 

 

This BREF covers the production of organic chemicals that takes place within LVOC 

installations. Whilst there is no specific definition of an LVOC installation, LVOC plants 

normally have the following general characteristics: 

 

 LVOC plants operate on large sites, where synergies between different processes allow 

the integration of utilities, storage and/or abatement systems; 

 LVOC plants produce a limited range of products in large quantities; normally more 

than 20 kt/yr; 

 LVOC plants normally operate continuous production processes, with infrequent 

shutdowns and start-ups; 

 LVOC plants are normally highly automated, requiring only limited manual 

intervention; 

 due to their large throughput and continuous operation, LVOC plants are not readily 

adaptable to process or product changes. 

 

However, not all organic chemical production takes place within LVOC installations. Those 

installations producing organic chemicals that are not considered LVOC installations are 

described in other BREFs, e.g. Manufacture of Organic Fine Chemicals (OFC). 

 

Nevertheless, the scope of the LVOC BREF is very large; therefore this BREF contains a mixture 

of generic and detailed information that is presented on three main levels: 

 

 General principles of management systems, unit processes, unit operations and 

infrastructure that are valid for all LVOC production processes. 

 Generic product groups that are linked by common chemistry or production techniques. For 

each of these groups, there is a description of the key processes, their environmental issues 

and appropriate techniques for pollution prevention/control. 

 Specific information on a number of selected ‘illustrative processes’. These illustrative 

processes have been chosen according to two main criteria. First, that the process is of 

major industrial importance within the LVOC sector. In general, the largest volume 

chemicals have been selected as illustrative processes because these usually represent the 

greatest number of plants and spread across the Member States. Second, the illustrative 

processes have the potential for environmental issues, and the information exchange is 

particularly valuable for operators and regulators. 

 

There are other BREFs that may need to be read in conjunction with this BREF in order to 

determine BAT for LVOC processes. The relevant BREFs include ‘horizontal BREFs’ (that 

cover issues common to many industrial sectors) and vertical BREFs for related processes.  
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LVOC BREF and the Refining of Mineral Oil and Gas (REF) BREF 

 

The LVOC BREF covers some processes that may be physically located in refinery complexes, 

which include: 

 

the steam cracker for the production of lower olefins; 

the production of aromatics (i.e. BTX), cyclohexane and cumene;  

the alkylation of aromatics. 

 

However, refinery processes upstream of lower olefin plants or aromatic plant complexes are 

not within the scope of the LVOC BREF. These processes are covered in the REF BREF. These 

processes include: 

 

refinery processes upstream of lower olefin crackers such as naphtha hydrotreatments; 

refinery processes upstream of aromatic plant complexes such as the continuous catalytic 

regeneration (CCR) reforming process or the fluid catalytic cracking (FCC) process. 

 

Note: Ethyl tert-butyl ether (ETBE) and methyl tert-butyl ether (MTBE) are reviewed by the 

REF BREF but cross-references are made to LVOC where the process is very similar to the 

process that co-produces styrene monomer and propylene oxide. 

 

LVOC BREF and Large Combustion Plants (LCP) BREF 

 

Combustion plants are a common feature of LVOC installations. Where the main purpose of a 

combustion plant is to generate energy, e.g. in the form of electricity or steam, then the 

operation of these plants is described in the LCP BREF. All such combustion plants are 

included in the LCP BREF regardless of the fuel burnt. Both commercially available fuels, such 

as fuel oil and gas, and, in some LVOC installations, non-commercial fuels, such as by-products 

from LVOC or refinery processes, may also be burnt. All of this is within the scope of the LCP 

BREF or the REF BREF when refinery fuels are being burnt. 

 

Where the purpose of a combustion plant is to carry out a chemical conversion, e.g. lower olefin 

furnace for thermal cracking or ethylene dichloride (EDC) cracking/pyrolysis, then these plants 

are within the scope of the LVOC BREF, even though they may also coincidentally produce 

energy or heat. 

 

LVOC BREF and the Common Waste Water and Waste Gas Treatment/Management Systems 

in the Chemical Sector (CWW) BREF 

 

Because LVOC plants are often integrated within larger installations, it is common for waste 

water streams from LVOC processes to be collected for treatment in a central waste water 

treatment plant. For many processes, waste gas streams may also be collected in central waste 

gas treatment systems. These systems are covered in the CWW BREF. The LVOC BREF seeks 

to avoid repetition of those aspects covered in the CWW BREF; however, where LVOC plants 

have dedicated treatment or abatement devices for emissions to air or water, these are addressed 

within the LVOC BREF. 

 

Where emissions are collected together in common waste water or waste gas treatment systems, 

it is often the case that no sampling or monitoring of emissions takes place at the point where 

they arise; it is only carried out after treatment before the emission is released to the 

environment or leaves the site. The monitoring of emissions from these common systems is 

considered in the CWW BREF. 

 

In the event that such data are available or that dedicated treatment, pretreatment or abatement 

of streams takes place this is considered in the LVOC BREF. It is possible that this might result 
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in either gaps or overlaps between the two documents. This has been minimised where possible 

through appropriate cross-referencing, as shown in the table below: 

 

 
Emissions to water CWW BREF LVOC BREF  

Technique descriptions 

Managerial and holistic 

(
1
) 

Yes Cross-reference to 

CWW 

Abatement and 

treatment 

Yes Cross-reference to 

CWW 

Process-specific No Yes 

Selection of BAT Yes On process associated 

measures where 

applicable 

Deriving BAT-AEL 

range 

Direct discharge Yes Possibly (
2
) 

Setting Associated Environmental Performance 

Levels (AEPLs) 

Yes Yes 

Emissions to air  CWW BREF LVOC BREF 

Technique descriptions 

Managerial and holistic 

(
1
) 

Yes Cross-reference to 

CWW 

Abatement and 

treatment 

Yes Cross-reference to 

CWW 

Process-specific No Yes 

Selection of BAT No Yes (
3
) 

Deriving BAT-AEL range No Yes 

Setting BAT-AEPLs Yes Yes 
(1) BAT conclusions on environmental issues that cut across the chemical sector as a whole, such as EMS, waste 

water management, diffuse VOC emissions, and odour and noise emissions.  

(2) There will be some pollutants/issues that may not be addressed in the CWW BREF but will be picked up in 

vertical BREFs. 

(3) Technique descriptions in horizontal BREFs. Specific issues and BAT-AELs in vertical BREFs. 

 

 

LVOC BREF and other BREFs 

 

Other reference documents which are relevant for the sector covered in this document are the 

following: 

 
Reference document Activity 

Energy Efficiency (ENE) General energy efficiency 

Industrial Cooling Systems (ICS) Linked to energy efficiency 

Economics and Cross-media Effects (ECM) Economics and cross-media effects of techniques 

Reference Report on Monitoring (ROM) General aspects of emissions and consumption 

monitoring 

Emissions from Storage (EFS) Emissions from tanks and stored chemicals 

Waste Incineration (WI) Waste incineration and co-incineration 

Waste Treatments Industries (WT) Waste recovery and treatment 

 

Finally, the scope of the BREF does not include matters that only concern safety in the 

workplace or the safety of products because these matters are not covered by the Directive. 

They are discussed only where they affect matters within the scope of the Directive. 
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1 BACKGROUND INFORMATION 
 

This brief introductory chapter provides general information about the LVOC industry in terms 

of its integration with the upstream and downstream chemical processes, macroeconomics and 

some of the main factors that affect the sector. 

 

Industrial organic chemistry is characterised by the production of a huge variety of compounds 

in a step-wise manner from a few natural sources of carbon. This production pyramid is shown 

schematically in figure 1.1 using typical chemical industry nomenclature. 

 

 
 
Source:[CITEPA, 1997 #47] 

Figure 1.1: Structure of industrial organic chemistry  

 

The initial separation steps are carried out in refineries where a few natural sources of carbon 

(crude oil, natural gas and coal) are used to produce a limited number of high volume raw 

materials for the chemical industry (e.g. naphtha). Today, some 95 % of organic products are 

obtained from oil and gas. Relatively few organic products come from the (declining) coal route 

and the (expanding) area of renewable biomass. 

 

Refineries export these raw materials to petrochemical plants where they are transformed by a 

complex combination of physical and chemical operations into a variety of base materials (e.g. 

ethylene, C3-C4 olefins, BTX aromatics, synthesis gas and acetylene).  

 

The base materials are subjected to further processing sequences, which introduce functional 

groups to produce an even greater number of intermediates and monomers (e.g. alcohols, 

aldehydes, ketones, acids, nitriles, amines, chlorides).  

 

The intermediates are converted into a large variety of fine products and polymers with high 

levels of functionality and high commercial value (e.g. solvents, detergents, plastics, dyes and 

drugs). 

 

This production pyramid covers the whole spectrum of the organic chemical industry and the 

distinction between the tiers is often very subtle. However, the LVOC BREF can generally be 
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considered as covering the middle three process tiers of the pyramid in Figure 1.1, i.e. taking 

raw materials to produce base materials, intermediates and monomers. These may also be 

known as ‘commodity’ or ‘bulk’ chemicals. 

 

The complexities of actual production mean that this simple delineation of the LVOC BREF 

scope can be more complicated. The upstream interface with refining is blurred as the sectors 

often occupy the same site and have common products (e.g. olefins and aromatics). However, 

the distinction is that refineries produce fractions (made up of groups of hydrocarbons) that are 

primarily used as fuels (or fuel modifiers) whilst the petrochemical industry produces specific 

hydrocarbons for use as basic building blocks in the wider chemical industry. The refinery 

separation processes are covered by the REF BREF. This interface is represented schematically 

in Figure 1.2 

 

 
Source:[EC DGXI, 1993 #8] 

Figure 1.2: Interface between petrochemical and hydrocarbon industries  

 

Downstream from the production of LVOC, there is again an integral association with the rest 

of the chemical industry and it is difficult to establish definitive boundaries. For the purpose of 

the IED information exchange, subject to the impending review of the Chemicals BREF 

strategy, there will be separate BREFs for the production of ‘Organic Fine Chemicals’ and 

‘Polymers’.  

 

Figure 1.3 illustrates the complexity of the industry by showing the range of products that result 

from the basic hydrocarbon raw materials. Many of the products are intermediates for the rest of 

the chemical industry and have limited use in their own right.  
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Figure 1.3:  Pathways in the organic chemistry industry 
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As a consequence of this complex step-by-step synthesis of products, there are rarely stand-

alone manufacturing units producing just one product. Instead, chemical installations are usually 

large, highly integrated production units that combine many diverse plants. The integration of 

production units can confer significant economic and environmental benefits, e.g.: 

 

 a high degree of process flexibility that allows operating regimes to be fine-tuned to 

produce chemicals in the most efficient manner; 

 energy use can be optimised by balancing energy sources and sinks; 

 by-products may be used as feedstock in other plants (e.g. crackers, furnaces, reactors), 

thus negating the need for disposal, or may be used as fuel; 

 there are economies of scale in the treatment of waste streams; 

 the loss of intermediates during transportation is reduced. 

 

However, integrated production sites can create problems for the determination of BAT. 

Integrated production sites almost always have unique process configurations and unique 

operating regimes. Therefore, it can be difficult to compare like with like because the 

consideration of local conditions is always such an important factor. This may be particularly 

pronounced in considering the environmental performance of common abatement systems, 

although some inter-site consistency is introduced by the common use of international 

technology contractors to design and build their licensed processes for LVOC producers 

 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 1 

SH/TS/EIPPCB/LVOC Draft 1 April 2014 5 

1.1 Economic trends in LVOC 
 

Sector economics: The production of LVOC has significant economic importance in Europe. 

Although there are a large number of chemicals produced in Europe, the production figures are 

dominated by a relatively small number of chemicals manufactured by large companies. 

Germany is Europe’s largest producer, but there are also well-established LVOC industries in 

the Netherlands, France, the UK, Italy, Spain and Belgium. Production in the other Member 

States is significantly lower. Production data for the most important chemicals within each 

LVOC subsector are given in Chapter 3. 

  

It is difficult to provide specific economic data for the LVOC industry because there is no 

absolute definition of the sector and there is considerable variation in the business background 

to different production processes. Eurostat’s Panorama database [Eurostat, 1997 #31] provides 

data on the general chemicals sector, with subset data on ‘basic industrial chemicals’ and further 

subset data on ‘Petrochemicals’. [Request to TWG: Please provide a more up-to-date reference.] 

 

Global position: In overall terms, the European Union is the world's second largest producer of 

chemical products and accounted for nearly one fifth of estimated world production in 2011. In 

financial terms, the European chemical industry in 2011 had a turnover of EUR 642 billion, of 

which EUR 539 billion came from EU countries. This exceeds the turnover of equivalent 

industries in the NAFTA zone (EUR 470 billion) and Japan (EUR 175 billion) but continues to 

lag behind China (EUR 735 billion) (CEFIC publication ‘Facts and Figures 2012’). The EU 

chemicals market share nearly halved in 20 years, from 36 % in 1991 to 20 % in 2011. The 

European Union chemical market is dominated by the production of organic base chemicals and 

their turnover is some four times the turnover generated by the production of inorganic base 

chemicals [CEFIC publication ‘Facts and Figures 2012’]. Apart from China, the European 

Union has a surplus with each main trading region – NAFTA, Asia, Japan, Latin America, 

Africa, Rest of Europe and Africa. The EU chemicals trade surplus in 2011 reached nearly 

EUR 41.7 billion with speciality and consumer chemicals accounting for 77 % of that surplus. 

 

Competition: Basic petrochemical products are usually sold on chemical specifications, rather 

than on brand name or performance in use. Within any region, different producers have different 

costs of production due to variations in scale, in feedstock source and type, and in process plant. 

There are few possibilities for product differentiation and so economies of scale are particularly 

important. Like other commodities, the basic petrochemical business is therefore characterised 

by competition on price, with the cost of production playing a very large part. The market for 

bulk chemicals is very competitive and market share is often considered in global terms.  

 

Integration: Process integration is a significant factor in the economics of the primary chemical 

industry. The integration is both upstream (many processes are linked to refining) or 

downstream (many LVOC products are intermediates for associated production processes). This 

integration can improve the competitive position of companies, but it complicates any cost 

comparisons between installations. The price of LVOC is strongly determined by the economic 

status of downstream users and their demand, and it is generally difficult to pass price increases 

on to purchasers. 

 

Profitability: The profitability of the European LVOC industry is traditionally very cyclical. To 

some extent, this cyclical nature reflects the normal cycles of commercial demand. However, 

the cycle is accentuated by the high capital investment costs of installing new technology and 

operators only tend to invest in additional capacity when their cash flow is good. Projects to 

increase capacity have long lead times and when they come online they can produce over-

capacity that temporarily depresses margins. As a result, reductions in manufacturing costs tend 

to be incremental and many installations are relatively old.  

 

The LVOC industry is also highly energy-intensive and profitability is therefore strongly linked 

to oil prices. The further downstream a process is from the basic hydrocarbons, then the more 

attenuated the effects of the petrochemical cycle. 
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Trends: In the 10-year period from 2001 to 2011, the chemicals industry had an average growth 

rate of 0.9 %, a rate slightly higher than the 0.7 % average growth rate for all of the 

manufacturing industry. These low growth rates were mainly impacted by the dramatic declines 

in chemical production levels during the 2009 economic downturn as compared with the global 

financial crisis of 2008. The EU chemicals industry was profoundly affected by the spillover 

effects of the economic and financial crisis but has been following the recovery trend that has 

occurred since 2010. The EU chemicals sector enjoyed a strong 2010, posting a 10.2 % growth 

rate compared with 2009. However, at a mere 1.4 % growth rate in 2011, the EU chemicals 

sector will need an additional several years to surpass the pre-crisis level [CEFIC publication 

‘Facts and Figures 2012’].  

 

Historical data show that due to the economic crisis, employment in the EU chemicals industry 

fell in 2010 by 2.1 % compared with 2009. However, a significant recovery was registered in 

2011 compared with 2010, resulting in employment increasing by 3.2 % in 2011. The level of 

direct employment in 2011 was higher than in 2010, although it is unclear whether a halt has 

occurred in the trend of decreasing employment levels in the EU chemicals sector [CEFIC 

publication ‘Facts and Figures 2012’]. 
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2 GENERIC LVOC PRODUCTION PROCESSES 
 

[Request to TWG: The TWG is asked to give consideration as to whether the order of Chapters 

2 and 3 should be reversed.] 

 

2.1 Chemical reactions in LVOC production 
 

There are some 35 different types of chemical reaction that are used to produce LVOC [USEPA, 

1993 #33]. Some reactions (e.g. oxyhalogenation) are specific to one or two products, whilst 

others (e.g. oxidation, halogenation, and hydrogenation) are used in many processes. For this 

reason the majority of emissions from the production of LVOC originate from relatively few, 

but commonly used, unit processes (see Table 2.1).  

 

[Request to TWG: This is old data from the current LVOC BREF – please provide more up-to-

date information to update the table below.]  

 
Table 2.1: Unit processes used in the manufacture of 140 organic compounds 

Unit process 

Number of products 

produced using the 

unit process 

Number of 

production activities 

using the unit process 

Estimated contribution to 

total unit process air 

emissions prior to 

treatment (%) 

Oxidation 63 43 48.3 

Halogenation 67 43 14.5 

Hydrogenation 26 13 10.8 

Esterification 24 8 6.9 

Alkylation 15 5 4.0 

Sulphonation 11 6 3.4 

Dehydrogenation 15 4 2.7 

Hydrolysis 27 8 2.4 

Reforming 1 1 2.2 

Carbonylation 10 8 1.2 

Oxyacetylation 1 2 1.0 

Nitration 12 1 0.8 

Dehydration 18 4 0.7 

Ammonolysis 11 6 0.6 

Condensation 51 4 0.5 

Dealkylation 4 1 0 
NB: The table was prepared in 1980 and no newer data were available from USEPA. 

The table does not take into account other environmental issues (e.g. cross-media effects, energy). 

Source: USEPA as reported in [CEFIC, 1999 #17] 

 

Table 2.2 provides an overview of some key features of the most environmentally important 

unit processes. This is followed by brief descriptions of the main unit processes and a generic 

consideration of their potential environmental impacts. 
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Table 2.2: Unit processes used in organic chemical production 

Process Feed material Conditions Products 

Reagents Substrates Catalysis Phase 

Oxidation Oxygen 

(Air) 

Paraffins, 

Olefins, 

BTX-

Aromatics 

Heterogeneous Gas Acids, 

Anhydrides, 

Epoxides 

Homogeneous Gas-Liquid Alcohols, 

Aldehydes, 

Ketones, Acids 

None Gas-Liquid Hydroperoxides 

Ammoxidation Oxygen, 

NH3 

Olefins, 

Alkyl-

aromatics 

Heterogeneous Gas Nitriles 

Chlorination Chlorine Olefins, 

Aromatics, 

Homogeneous Gas-Liquid Chloro-organics 

Olefins, 

Paraffins 

None   

Hydrogenation Hydrogen CO, 

Aldehydes, 

Nitriles, 

Nitro-

compound 

Heterogeneous Gas Alcohols, 

Amines 

Hydroformylation 

(Oxo-synthesis) 

H2, CO Olefins Homogeneous Gas-Liquid Aldehydes, 

Alcohols 

Dehydrogenation - Paraffins, 

Olefins, 

Alkyl-

aromatics, 

Alcohols 

   

Alkylation Olefins, 

alcohols, 

chloro-

organics 

Aromatics Heterogeneous Gas Alkyl-aromatics 

Homogeneous Gas-Liquid Alkyl-aromatics 

Source:Griesbaum in [CITEPA, 1997 #47] 
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2.2 Applied processes and techniques 
 

[Note to TWG: The text here is substantially unchanged from the current BREF. The 

environmental issues section has 4 subheadings: Air – Water – Wastes – Energy.]  

 

[Request to TWG: Where the subheading is blank, there is no text in the current BREF and 

TWG members are asked if there is anything they would like to contribute.] 

 

2.2.1 Oxidation 
 

The term oxidation describes the addition of one or more oxygen atoms to an organic molecule. 

Pure oxygen and atmospheric oxygen are by far the most important oxidising agents. Although 

atmospheric air is available at a much lower cost than pure oxygen, the inert nitrogen 

component present in air will dilute the reaction products and generate much larger waste gas 

streams.  

 

Heterogeneous catalysts based on noble metals play a dominant role in industrial scale 

oxidations and an important example is the silver catalysed gas phase reaction between ethylene 

and oxygen to from ethylene oxide (see Chapter 7). Ethylene is still the only olefin that can be 

directly oxidised to its epoxide with high selectivity. Other important industrial oxidation 

processes are the production of acetic acid, formaldehyde (see Chapter 10) (see Chapter 10), 

phenol (see Chapter 11) (see Chapter 11), acrylic acid, acetone and adipic acid. Oxidation 

reactions are exothermic and heat can be reused in the process. Fire and explosion risks exist 

with heterogeneously catalysed direct oxidation processes and reactions involving concentrated 

hydrogen peroxide or organic peroxides. 

 

Environmental issues of oxidation processes 

 

The oxidation of organic compounds produces a number of by-products (including water) and 

wastes from partial and complete oxidation. In the organic chemical industry, compounds such 

as aldehydes, ketones, acids and alcohols are often the final products of the partial oxidation of 

hydrocarbons. However, careful control of partial oxidation reactions is usually required to 

prevent the material from oxidising to a greater degree than desired as this produces carbon 

dioxide and many undesirable gaseous, liquid, or semi-solid toxic by-products [Sikdar & 

Howell, 1998 #101]. 

 

Air: Emissions of volatile organics can arise from losses of unreacted feed, by-products and 

products such as aldehydes and acids. Carbon dioxide is an omnipresent by-product in the 

oxidation of organic compounds as it is impossible to prevent the full oxidation of some carbon. 

Aldehydes, especially formaldehyde, require strict handling to minimise occupational exposure 

and this limits atmospheric emissions. Acid gases usually require removal from waste streams.  

 

Water: To enable biological degradation in a WWTP it will be necessary to neutralise any 

acidic components and to remove/destroy any chlorinated species that may inhibit biological 

activity. 

 

Wastes: Oxidation reactions may produce tars and ashes. Waste will also arise from the 

replacement or regeneration of spent catalysts. 

 

Energy: In general terms, oxidation reactions are exothermic and they provide good 

opportunities for the recovery and reuse of heat. 

 

2.2.2 Halogenation 
 

Halogenation is the introduction of halogen atoms into an organic molecule by addition or 

substitution reactions. In organic synthesis, this may involve the addition of molecular halogens 

(e.g. Cl2, Br2, I2 or F2) or hydrohalogenation (with HCl, HBr or HF) to carbon-carbon double 
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bonds. Substitution reactions involve replacing hydrogen atoms in olefins, paraffins or 

aromatics with halogen atoms. Chlorination is the most important industrial halogenation 

reaction. Chlorinated organic products include chlorinated aromatics, phosgene, chlorinated 

methanes, chlorinated ethanes; toxicity issues related to these compounds may demand 

additional control measures. The production of 1,2-dichloroethane (EDC) and vinyl chloride 

(VCM) are included as illustrative processes, see Chapter Error! Reference source not found.  

, see Chapter 16.  

 

Environmental issues of halogenation processes 

 

Air: The treatment of waste gases first requires a distinction between acidic streams, reaction 

gases and neutral waste streams. Air streams from tanks, distillation columns and process vents 

can be collected and treated using techniques such as low temperature condensation or 

incineration. The treatment of acid streams is more problematic because any equipment in 

contact with acid gases and water must be constructed of acid-resistant materials or internally 

coated. The halogen content of waste gas represents a valuable raw material, and pollution 

control techniques offer an opportunity for its recovery and reuse (either as hydrogen-halogen or 

aqueous solutions). The techniques may include: 

 

 product recovery (by vapour stripping of liquid streams followed by recycling to the 

process); 

 scrubbing the acid gas with an easily halogenated compound (preferably a raw material 

used in the process); 

 absorbing the acid gas in water to give aqueous acid (often followed by caustic scrubbing 

for environmental protection); 

 washing out organic constituents with organic solvents; 

 condensing out organic by-products for use as feedstock in another process (e.g. 

conversion of 1,1,2 trichloroethane to 1,1 dichloroethylene). 

 

Although the process for producing toluene diisocyanate (TDI) and methylenediphenyl 

diisocyanate (MDI) does not involve chlorination, the phosgenation reaction stage produces 

waste gases with the same characteristics as for halogenation processes (see Chapter 6) see 

Chapter 6). 

 

Water: There are also significant issues with waste water streams as the biological 

degradability of halogenated hydrocarbons (especially aromatics) decreases as their halogen 

content increases. Only chlorinated hydrocarbons with a low degree of chlorination are 

degradable in biological waste water treatment plants and then only if their concentration does 

not exceed certain levels. Waste water containing chlorinated compounds usually requires 

expensive preliminary purification prior to biological treatment, by stripping, extraction and 

adsorption (on activated carbon or polymeric resins). Waste water contamination can be 

substantially reduced by avoiding the water quenching of reaction gases to separate hydrogen 

chloride (for example in the production of chlorinated ethanes and ethylenes). Dry distillation 

and the use of refrigerator units will further reduce water contamination. 

 

Wastes: Solid wastes may arise from sources such as reactor residues or spent catalysts. 

Incineration is a common method for destruction of the organic components, although attention 

has to be paid to incineration conditions in order to avoid the formation of dioxins. 

 

Energy: 

 

2.2.3 Hydrogenation 
 

Catalytic hydrogenation refers to the addition of hydrogen to an organic molecule in the 

presence of a catalyst. It can involve the direct addition of hydrogen to the double bond of an 

unsaturated molecule; amine formation by the replacement of oxygen in nitrogen-containing 

compounds; and alcohol production by addition to aldehydes and ketones. These reactions are 
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used to readily reduce many functional groups; often under mild conditions and with high 

selectivity. Hydrogenation is an exothermic reaction and the equilibrium usually lies far towards 

the hydrogenated product under most operating temperatures. It is used to produce a wide 

variety of chemicals, such as cyclohexane (see Chapter (see Chapter 8), aniline, n-butyl alcohol, 

hexamethylenediamine [USEPA, 1993 #33], as well as ethyl hexanol and isocyanates such as 

TDI and MDI (see Chapter 6). Hydrogenation catalysts may be heterogeneous or homogeneous. 

Heterogeneous catalysts are solids and form a distinct phase in the gases or liquids. The general 

safety precautions that apply to highly flammable gases and vapours apply particularly to 

hydrogen. Hydrogen is combustible in air and oxygen over wider concentration limits than most 

other gases. Flammable mixtures in a confined space will explode if ignited by a flame or spark 

and special precautions are therefore necessary to prevent hydrogen gas leaks from tanks and 

equipment.  

 

Environmental issues of hydrogenation processes 

 

Air: VOC emissions from hydrogenation reactions are relatively low although hydrogen-rich 

vent streams are typically abated in combustion units. The main issues with hydrogen are likely 

to arise from sulphur impurities in the feed raw materials or from the dust and ash by-products 

of the hydrogen production itself. Small quantities of sulphur compounds (e.g. SO2, H2S) can 

for example be absorbed in dilute caustic solutions or adsorbed on activated charcoal. Larger 

quantities may need to be converted to liquid or solid sulphur. 

 

Water: Hydrogenation of oxygenated compounds (e.g. in aniline or TDI process) may generate 

water, which ends up as waste water. Specific waste water volumes from hydrogenation 

reactions are generally low. Hydrogenated oxo-products often show good biodegradability and 

low toxicity, whereas aniline compounds may need measures additional to biotreatment. 

 

Wastes: The spent catalysts are sometimes treated as wastes, or reclaimed for precious metals. 

Hydrogenation reactions generate little or no unwanted by-products. The formation of so-called 

green oil (polymerisation product of acetylenes and dienes) is a possible side effect in 

hydrogenation reactors. 

 

Energy: 

 

2.2.4 Esterification 
 

Esterification typically involves the formation of esters from an organic acid and an alcohol. 

The most common method of esterification is the reaction of a concentrated alcohol and a 

concentrated carboxylic acid with the elimination of water. Only strong carboxylic acids react 

sufficiently quickly without a catalyst, so a strong mineral acid (such as sulphuric acid or 

hydrogen chloride) must usually be added to aid the reaction. Acid anhydrides are also used, 

e.g. in dialkyl phthalate production. The main products from esterification reactions are 

dimethyl terephthalate, ethyl acrylate, methyl acrylate and ethyl acetate and butyl acetate.  

 

Environmental issues of esterification processes 

 

Air: Solvent vapours can be collected and treated (e.g. by incineration, adsorption). 

 

Water: Effluent generation is generally low as water is the only by-product of esterification 

reactions. The choice of solid polymer-based ion exchange resins avoids the need for catalyst 

neutralisation and the associated waste water treatment. Most esters possess low toxicity 

because they are easily hydrolysed on contact with water or moist air, and so the properties of 

the acid and alcohol components are more important. 

 

Wastes: Waste streams can be reduced by recovering (and reusing) any organic solvents, water 

and alcohol components. Any wastes from waste water treatment can be incinerated (if they 
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have high boiling points) or recovered by distillation for reuse (for low boiling point 

components). 

Energy: 

 

2.2.5 Alkylation 
 

Alkylation is the introduction of an alkyl group into an organic compound by substitution or 

addition. There are six types of alkylation reaction [USEPA, 1993 #33]: 

 

 substitution for hydrogen bound to carbon (e.g. ethylbenzene from ethylene and benzene); 

 substitution for hydrogen attached to nitrogen; 

 substitution for hydrogen in a hydroxyl group of an alcohol or phenol; 

 addition to a metal to form a carbon-metal bond; 

 addition to a tertiary amine to form a quaternary ammonium compound; 

 miscellaneous additions to sulphur or silicon. 

 

The principal use of alkylation is in refineries for the production of alkylates that are used in 

gasoline but this is within the scope of the REF BREF. Other major alkylation products include 

ethylbenzene (see Chapter12), cumene, linear alkylbenzene, tetramethyl lead and tetraethyl lead. 

Alkylation is commonly carried out in liquid phase at temperatures higher than 200 ºC at above-

atmospheric pressures. Catalysts are hydrofluoric, sulphuric or phosphoric acid. Higher 

temperatures cause the expected lowering of product specificity and increased by-product 

formation. Some more recent alkylation processes (e.g. for ethylbenzene and cumene) use 

zeolite catalysts as they can be more efficient and may have lower emissions. Lewis acids, like 

aluminium trichloride or boron trifluoride, may also be used as catalysts. 

 

Environmental issues of alkylation processes 

 

Air: Based on data for the production of ethylbenzene, cumene and linear alkylbenzene, VOC 

emissions from alkylation reactions tend to be low compared with other unit processes [USEPA, 

1993 #33]. 

 

Water: 

 

Wastes: Older processes which are not based on zeolite catalysts tend to generate more waste. 

Alkyl halides and sulphates cause problems of waste product disposal [Sikdar & Howell, 1998 

#101]. 

 

Energy: 

 

2.2.6 Sulphonation 
 

Sulphonation is the process by which a sulphonic acid group (or corresponding salt or sulphonyl 

halide) is attached to a carbon atom [USEPA, 1993 #33]. It is also the treatment of any organic 

compound with sulphuric acid, regardless of the products formed. It is used to produce many 

detergents (by sulphonating mixed linear alkyl benzenes with sulphur trioxide or oleum) and 

isopropyl alcohol (by the sulphonation of propylene). The most widely used sulphonating agent 

for linear alkylbenzenes is oleum (fuming sulphuric acid - a solution of sulphur trioxide in 

sulphuric acid). Sulphuric acid alone is effective in sulphonating the benzene ring, provided the 

acid content is above about 75 %.  

 

[Note to TWG: There is also a description of sulphonation in Section 3.2.3, which is based on 

contacting the organic liquid with an SO3/air mixture. These should probably be merged here 

into one section.] 

 

Environmental issues of sulphonation processes 

 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 2 

SH/TS/EIPPCB/LVOC Draft 1 April 2014 13 

Air: Acid vapours (largely sulphuric acid) from the reaction and quenching. Unreacted 

sulphonating agent arising from the use of an excess to drive the reaction. (SO2 and SO3 in air 

from SO3 / air reactors – plants often integrated with sulphur burners and SO2 to SO3 

conversion). VOC emissions depends on species being sulphonated, most are big molecules. 

 

Water: Acidic waste waters from the reactor and dilute acidic wash waters (from washing the 

product on the filter) that will require neutralisation. Filtrate from the separation stage 

contaminated with unreacted raw material and acid. 

 

Wastes: Oleum is an extremely strong oxidising agent and produces tar by-products that require 

disposal. Oleum will also need to be regenerated or disposal. 

 

Energy: 

 

2.2.7 Dehydrogenation 
 

Dehydrogenation is the process by which hydrogen is removed from an organic compound to 

form a new chemical (e.g. to convert saturated into unsaturated compounds). No C-C bond 

cleavage takes place during dehydrogenation. It is used to produce aldehydes and ketones by the 

dehydrogenation of alcohols. Important products include acetone, cyclohexanone, methyl ethyl 

ketone (MEK) and styrene [USEPA, 1993 #33]. One illustrative chapter of this document on 

ethylbenzene dehydrogenation reviews this process in deeper detail (see Chapter 13). It is also 

used in the EU for producing propylene from propane.  

 

Environmental issues of dehydrogenation processes 

 

Air: Large hydrogen-rich vent streams are produced and can be used as a hydrogen feed for 

other processes or as a fuel. Volatile hydrocarbons will be contained in purge and vent gases 

and will require collection and treatment (may be combined with beneficial energy production). 

Sulphur dioxide emissions can originate from acid-gas incinerators.  

 

Water: Quench water, dilution steam, decoking water and flare water discharges are the 

principal process streams that require treatment. Waste water streams with a high pollution load 

may require pretreatment prior to acceptance in a biological degradation plant. Other liquid 

wastes such as ‘green oil’ (from acetylene conversion in the production of ethylene) can be 

burnt to recover steam or energy. 

 

Wastes: Process wastes include caustic or amines used in sulphide scrubbing, cleaning acids, 

catalysts, tars, polymers, waste oils, coke and extracting agents (e.g. N-methylpyrolidone) that 

cannot be recycled. 

 

Energy: 

 

2.2.8 Cracking 
 

The process is applied to appropriate hydrocarbon feedstocks (e.g. naphtha) in order to produce 

the very large volumes of ethylene, propylene, butenes and butadienes that are required as feeds 

for the chemical industry. Thermal pyrolysis or the cracking of EDC to vinyl chloride and HCl 

occurs as a homogeneous, first-order, free-radical chain reaction (see illustrative process in 

Chapter 4 for lower olefins and Chapter 16 for EDC cracking). Cracking may be achieved by 

catalytic or thermal process routes: 

 

 Catalytic cracking provides a way to convert higher boiling fractions into saturated, 

non-linear paraffinic compounds, naphthenes and aromatics. The concentration of 

olefins in the product stream is very low, so this method is more useful for the 

preparation of fuels. 
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 Olefins are more widely produced by the steam cracking of petroleum fractions. A 

hydrocarbon stream is heated, mixed with steam and, depending on the feedstock, 

further heated to incipient cracking temperatures of 600–650 ºC. The conversion of 

saturated hydrocarbons to unsaturated compounds is highly endothermic, and so high 

energy inputs are necessary. High-temperature cracking is also used to produce 

pyrolysis gasoline from paraffin gases, naphthas, gas oils or other hydrocarbons. 

 

Environmental issues of dehydrogenation processes 

 

Air: Nitrogen oxides originate from furnace operations in crackers. 

 

Water: 

 

Wastes: 

 

Energy: 

 

2.2.9 Hydrolysis 
 

Hydrolysis involves the reaction of an organic compound with water to form two or more new 

substances. Hydration is the process variant where water reacts with a compound without 

causing its decomposition. These routes are used in the manufacture of alcohols (e.g. ethanol), 

glycols (e.g. ethylene glycol, propylene glycol) and propylene oxide. Ethylene glycol is covered 

as an illustrative process in Chapter 7). 

 

Environmental issues of hydrolysis processes 

 

Air: The VOC arisings from reactors are generally low [USEPA, 1993 #33]. 

 

Water: In most cases, hydrolysis and hydration products are biodegradable. 

 

Wastes: 

 

Energy: 

 

2.2.10 Reforming 
 

Reforming is the decomposition (cracking) of hydrocarbon gases or low octane petroleum 

fractions by heat and pressure. This is most efficient with a catalyst, but can be achieved 

without. Reforming is mainly used in refineries to increase the octane number of fuels. The 

main reactions are the dehydrogenation of cyclohexanes to aromatic hydrocarbons, the 

dehydrocyclisation of certain paraffins to aromatics, and the conversion of straight chains to 

branched chains (isomerisation). It is also used to make synthesis gas from methane. 

 

Environmental issues of reforming processes 

 

Air: 
 

Water: 

 

Wastes: 

 

Energy: 

 

2.2.11 Carbonylation 
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Carbonylation (carboxylation) is the combination of an organic compound with carbon 

monoxide. It is used to make aldehydes and alcohols containing one additional carbon atom. 

One of the major products is acetic acid. Hydroformylation (the ‘oxo’ process) is a variant 

where olefins are reacted with carbon monoxide and hydrogen (‘synthesis gas’) in the presence 

of a cobalt or rhodium catalyst (e.g. in the production of n-butyraldehyde, iso-octyl alcohol, 

isodecanol) [USEPA, 1993 #33]. A description of the production of ethyl hexanol can be found 

in Chapter 3.3.2.1. 

 

Environmental issues of carbonylation processes 

 

Air: The process typically generates large volume, hot vent streams containing some VOCs in 

addition to CO2, CO, H2 and other non-VOCs. Residual gas is recovered and used as fuel or 

flared [USEPA, 1993 #33]. 

 

Water: Heavy metals (from catalyst) to be removed from waste water prior to biological 

treatment. 

 

Wastes: Spent catalysts. 

 

Energy: 

 

2.2.12 Oxyacetylation 
 

Oxyacetylation involves the addition of oxygen and an acetyl group to an olefin to produce an 

unsaturated acetate ester. It is used to produce vinyl acetate from ethylene, acetic acid and 

oxygen.  

 

Environmental issues of oxyacetylation processes 

 

Air:  

 

Water:  

 

Wastes:  
 

Energy: 

 

2.2.13 Nitration 
 

Nitration involves the replacement of a hydrogen atom (in an organic compound) with one or 

more nitro groups (NO2). By-products may be unavoidable due to the high reaction 

temperatures and the highly oxidising environment, although many nitration reactions are 

carried out at low temperatures for safety reasons. The nitration can be of aliphatics (e.g. nitro-

paraffins) but the nitration of aromatics is more commercially important (e.g. explosives and 

propellants, such as nitrobenzene and nitrotoluenes). Nitration is done using nitric acid or, in the 

case of aromatic nitration, a mixture of nitric and sulphuric acids. Nitration is used in the first 

step of toluene diisocyanate (TDI) production (see illustrative processes in Chapter 6). 

 

Environmental issues of nitration processes [Sikdar & Howell, 1998 #101] 

 

Air: Acid vapours (largely nitric or sulphuric acid) from the reaction and quenching. Unreacted 

nitrating agent arises from the use of an excess to drive the reaction. VOC emissions. Gas 

streams rich in nitrogen oxides. 

 

Water: Aromatic nitration may produce large quantities of waste mixed acid that requires 

neutralisation and disposal, or recovery (e.g. by distillation) and reuse. Products and by-products 
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are often poorly biodegradable and toxic, so measures such as extraction or incineration of 

aqueous wastes are required. 

 

Wastes:  
 

Energy: 

 

2.2.14 Dehydration 
 

Chemical dehydration is a decomposition reaction in which a new compound is formed by the 

expulsion of water. The major product of this process, urea, is produced by the dehydration of 

ammonium carbamate. 

 

Environmental issues of dehydration processes 

 

Air:  

 

Water:  

 

Wastes:  
 

Energy: 

 

2.2.15 Ammonolysis 
 

Ammonolysis is the process of forming amines using, as aminating agents, ammonia or primary 

and secondary amines. Ammonolytic reactions also include hydroammonolysis, in which 

amines are formed directly from carbonyl compounds using an ammonia-hydrogen mixture and 

a hydrogenation catalyst. The four main ammonolytic reaction types are [USEPA, 1993 #33]: 

 

 double decomposition (the NH3 is split into NH2, which becomes part of the amine, and 

H, which reacts with a radical that is being substituted); 

 dehydration (ammonia serves as a hydrant to produce water and amines); 

 simple addition (both fragments of the NH3 molecule - NH and H - become part of the 

new amine); 

 multiple activity (ammonia reacts with the amine products to form secondary and tertiary 

amines). 

 

The major products of ammonolysis are carbamic acid, ethanolamines see(see Chapter 5) and 

alkylamines. 

 

Environmental issues of ammonolysis processes 
 

Air: Based on ethanolamine production, the VOC arisings from reactors are small, although 

there are waste gases associated with distillation. Off-gas containing ammonia or amines is 

washed or incinerated, in order to avoid odour problems. Hydrogen cyanide and acetonitrile are 

produced in the production of acrylonitrile and the hydrogen cyanide may be recovered. 

 

Water: Unreacted ammonia can be recovered from alkaline effluents by stripping and is 

recycled back to the process. Ammonia remaining in the effluent can be neutralised with 

sulphuric acid (producing ammonium sulphate precipitate for use as fertiliser) or biologically 

treated. Waste waters containing impurities, such as methanol and amines, can be disposed of 

by incineration or biological treatment.  

 

Wastes: Solid wastes from stripper bottoms are incinerated. Spent catalysts. 

 

Energy: 
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2.2.16 Condensation 
 

Condensation is the chemical reaction in which two or more molecules combine and expel 

water, an alcohol, or another low-molecular weight compound. Each of the reactants contributes 

a part of the separated compound. There is some overlap with addition reactions since the initial 

step in condensation is addition. Condensation is used in the production of acetic anhydride, 

bisphenol A, [USEPA, 1993 #33] and ethyl hexanone. 

 

Environmental issues of condensation processes 

 

Air: Reactor emissions are generally low and are typically abated in a combustion unit. 

Distillation operations may be a source of emissions. 

 

Water: Specific waste water volumes are generally low; effluents mainly consist of reaction 

water if recycling after phase separation is not possible. The effluent is composed of high-

boiling components (condensation products/by-products) that often show moderate or poor 

biodegradability, and low-boiling components (educts) with better biodegradability. 

 

Wastes:  

 

Energy: 

 

2.2.17 Dealkylation 
 

Toluene hydrodealkylation is described in the illustrative process on aromatics (see Chapter 8). 

 

Environmental issues of dealkylation processes 

 

Air:  

 

Water:  

 

Wastes:  
 

Energy: 

 

2.2.18 Ammoxidation 
 

The production of acrylonitrile (see illustrative processes in Chapter 9) is an important process 

based on ammoxidation. The acrylonitrile process involves the gas phase oxidation of olefins 

with ammonia in the presence of oxygen and vanadium- or molybdenum-based catalysts. 

 

Environmental issues of ammoxidation processes 

 

Air:  

 

Water: 

 

Waste: 
 

Energy: 

 

[Note to TWG: The following is new text.] 

 

2.2.19 Fermentation 
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Fermentation is a process of chemical change caused by microorganisms, usually producing 

effervescence and heat (see thumbnail description of bioethanol in Chapter 3). Biomass 

chemicals made from a purified component of lignocellulose are often produced via 

fermentation. These chemicals, which include ethanol, butanol/acetone, citric acid, and xanthan 

gum, have a wide variety of feedstocks, such as sugar or starch. Fermentation produces a dilute 

product stream containing 10 % or less of the desired product, which must then be concentrated. 

Ethanol is usually separated from the fermentation beer by an energy-intensive distillation. 

Process variants include: 

 

 type of organism: prokaryotic (bacteria, cyanobacteria) or eukaryotic (yeast, algae, etc.); 

 type of nutrient: carbon source (corn sugar, starch, cellulose), nitrogen source (soybean, 

corn streep), phosphorous source, etc.; 

 reactors can operate batch or continuous and can be fermenters or bioreactors; 

 type of products: biomass (yeast), metabolic products (enzymes), modifying compounds, 

manufacture recombinant products. 

 

Environmental issues of fermentation processes 

 

Air: Fermenter off-gas can have strong odours during media SIP, waste broth heat inactivation 

and during the cultivation itself. Process parameters and ‘stack’ locations can reduce odour. Off-

gas can be treated through scrubbing or other means. Thermal oxidisers could abate odour and 

VOC emissions. Dust can originate from fermentation and from other parts of the plant, such as 

grain-handling areas. 

 

Water: Fermented broths can have appreciable aquatic toxicity, both to organisms in municipal 

sewage treatment facilities and to freshwater/saltwater species in local waterways. Often, some 

aquatic toxicity is observed if the active product component is an anti-parasitic or an anti-

infective, i.e. compounds screened to kill other life forms. Releases of large broth quantities to 

the environment can raise the biochemical oxygen demand (BOD) in the receiving water.  

 

Waste: Broth waste disposal concerns have been addressed most successfully by using 

fermenter waste as an animal feed additive or a crop fertiliser when applicable. (EIPPC to create 

Reference: Kirk-Othmer Encyclopedia of Chemical Technology) 

 

Energy: 
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2.3 Current emission and consumption levels 
 

[Note to TWG: The text here is substantially unchanged from the current BREF.] 

 

[Request to TWG: Where the subheading is blank, there is no text in the current BREF and 

TWG members are asked if there is anything they would like to contribute.] 

 

Consumption and emission levels are very specific to each process and so they are difficult to 

define and quantify unless the process has undergone a detailed information exchange. Some 

estimates of emissions from the organic chemical industry can be found in Table II-5 of [EC 

DGXI, 1992 #23], but this information is brief and somewhat dated.  

 

The character and scale of emissions are highly variable but are often closely related to plant 

age. Emissions will also depend on factors such as: raw material composition, product range, 

nature of intermediates, use of auxiliary materials, process conditions, extent of in-process 

emission prevention and type of end-of-pipe treatment.  

 

Process emissions normally have very specific causes, most importantly [InfoMil, 2000 #83]: 

 

 The raw materials may contain contaminants that pass through the process unchanged and 

exit with the waste water or waste gas (e.g. the MDI process has emissions that result 

from the presence of phenol (in aniline feedstock) and methanol (in formaldehyde 

feedstock)).  

 The process may use air as an oxidant and this creates a waste gas (mainly consisting of 

nitrogen) that requires venting to the atmosphere (e.g. oxychlorination in the EDC 

process, methanol oxidation in the formaldehyde process, and toluene oxidation in the 

phenol process). 

 The process reactions may yield water which mixes with the product (e.g. formaldehyde 

production), and requires separation (e.g. as in MDI or EDC production). 

 By-products may be formed by the process reactions or from unwanted side reactions. 

These by-products have to be separated from the desired products and can often be used 

as a raw material (e.g. in low-olefin crackers) or as a fuel. 

 Auxiliary agents may be introduced into the process and not be fully recovered (e.g. 

solvents). 

 Unreacted feedstock may be present which cannot be economically recovered or reused.  

 

The waste streams from each process will also vary over time, depending on the operating 

scenario. The possible sources of waste arisings therefore require consideration during: 

  

 routine operation (i.e. expected emissions under stable running); 

 non-routine operation (e.g. start-up, shutdown, maintenance, decommissioning); and 

 emergencies (e.g. fires, explosion). 

 

However, LVOC processes utilise many common activities so it is possible to consider in a 

generic manner where waste streams may arise and what those streams might contain. The 

following waste streams are not exhaustive, nor will all streams occur in every process, but this 

chapter provides a checklist of possible emission sources and components against which a 

regulator can assess a process to elucidate specific details. Further generic information may be 

found in the CWW BREF [EIPPCB, Draft #48]. 

 

2.3.1 Factors influencing consumption and emissions 
 

Some of the emission and consumption data in this BREF cover considerable ranges and this 

makes the comparison of plant performances very difficult. Much of this variability is explained 

by the influence of a number of factors. An understanding of these factors is important for 
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interpreting emission and consumption data from LVOC processes and so brief explanations 

follow [CEFIC, 2000 #110]. 

 

2.3.1.1 Plant boundary definition and the degree of integration 
 

Plants are usually described as being made up of equipment and process units that are ‘ISBL’ 

(inside battery limits) and ‘OSBL’ (outside battery limits). These definitions are not rigorous 

and may depend on the nature of the overall facility within which the plant is located. At some 

sites associated production activities may be directly associated with the process under scrutiny, 

but at other sites the same activities may be undertaken in separate facilities (i.e. physically 

remote and/or operated by another company). 

 

LVOC processes typically require the principal utilities (steam, power and cooling water) and 

provision for waste water/waste gas treatment. In only a limited number of cases are LVOC 

plants totally independent, stand-alone units with dedicated services. More typically, LVOC 

plants are part of an integrated petrochemical and/or refining complex, where common utilities 

are provided by central facilities (e.g. dedicated power, steam generation plant, effluent 

treatment and flaring facilities). 

 

Integration with other units also allows certain low value or potential waste streams to be 

recovered and utilised or processed into saleable products, thus eliminating the requirement for 

disposal. 

 

2.3.1.2 Definition of emission basis 
 

Despite the frequent requirement for producers to provide emission figures to regulatory 

authorities, there is no standard basis on which the figures are quoted. The figures may be actual 

emissions or just typical levels. Likewise, the figures may, or may not, include emissions from 

events such as major plant upsets, emergency releases, overhauls, start-ups and slowdowns. 

Other reporting inconsistencies arise from whether waste is subsequently recycled or processed 

downstream by the producer themselves or by a third party, or whether the waste is regarded as 

‘hazardous’ or ‘non-hazardous’ by national definition. 

 

2.3.1.3 Measurement technique 
 

The absence of standardised methods for measuring and reporting emissions makes direct 

comparison difficult. Many components are difficult to measure and are frequently reported by 

reference to a calculation method that may be based on empirical, model or design information. 

For example, non-channelled (fugitive) emissions may be reported on the basis of direct 

measurements or estimates based on a technique that counts the number of emission point 

sources (flanges, valves, pumps, etc.) and applies standard emission factors relating to the 

contained fluid. Likewise, the combustion of hydrocarbons at a flare tip may not be 100 % 

efficient, but there is no practical way of determining the level of unburnt hydrocarbons. The 

use of different measurement and reporting methodologies can lead to very different apparent 

emission levels for similar activities. 

 

2.3.1.4 Definition of waste 
 

The definition of what constitutes a ‘waste’ can have a significant effect on reported emissions 

and subsequent plant comparisons. For example, in some facilities site rainwater is classified as 

waste because it passes through the same treatment facility as process waste water. Solid waste 

generation and disposal is particularly complex as many operators are required to provide 

complete information on: special wastes, other hazardous wastes, spent catalysts and desiccants, 

scrap metal, packaging materials, general rubbish, office and canteen waste materials. 

Elsewhere, reporting requirements are such that only some of these waste categories are 

measured and controlled. In some cases, the spent catalyst goes for off-site regeneration and/or 

precious metal recovery, rather than disposal, and is difficult to evaluate. Likewise, highly 
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integrated sites may appear to have less waste as they have more opportunities for upgrading 

waste streams into products. 

 

2.3.1.5 Plant location 
 

Plant location can have an impact on the process flow scheme and, as a result, on the nature and 

quantity of emissions. This is normally the result of local environmental considerations or 

constraints and the effect of cross-media environmental aspects. For example, a plant in a 

coastal location may utilise seawater for process cooling on a once-through basis, greatly 

affecting the specific volume of waste water from the unit. Such a plant may also be able to 

separate sulphur compounds, which must be eliminated from the process, and convert these to 

sulphate, using a wet air oxidation or acid neutralisation process. The resulting aqueous effluent 

may be acceptable for discharge to the marine environment but plants located next to inland 

watercourses will need to incinerate the concentrated sulphur-bearing stream. Sulphur dioxide 

emissions in the former case are zero, whilst in the latter all the contained sulphur is discharged 

as SO2. 

 

2.3.2 Emissions to air 
 

The Paris workshop [CITEPA, 1997 #47] considered that the air pollution issues of a process 

were different for: 

 

 batch processes in aqueous solution; 

 batch processes in solvent systems; 

 continuous processes in aqueous solution; 

 continuous processes in solvent systems; 

 continuous gas phase reactions. 

 

Whilst batch processes are unlikely to apply to LVOC, the other categories are all widely used 

in the sector. 

 

The main category of air pollutants from the production of LVOC is volatile organic compounds 

(VOCs), but there may also be significant emissions of dust, acid gases and combustion gases, 

as described below. 

 

2.3.2.1 Emission sources 
 

In Section 2.2, the BREF introduced the idea of a generic process for the production of LVOC. 

The component parts of that generic process provide a useful structure for identifying the 

potential sources of air emissions, and some of these are listed below. 

 

 Raw material supply and work-up: 

o vents on distillation columns and stripping columns for the removal of 

impurities in raw materials, 

o vents on pre-mixing vessels (VOCs, particulates); 

 

 Synthesis: 

o discrete vents serving reaction equipment (e.g. purges, inert vents from 

condensers, let-down vessels, process scrubbers), 

o vents associated with catalyst preparation and catalyst regeneration (containing 

VOCs, COX, NOX, SOX), 

o relief devices to maintain safe operation (e.g. pressure relief valves, bursting 

discs); 

 

 Product separation and refinement: 

o vents serving separation equipment (e.g. distillation columns, stripping 

columns, crystallisers, condensers), 
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o particulate from the drying and handling of solids, 

o COX and VOCs from the regeneration of purification beds, 

o solvent regeneration; 

 

 Product storage and handling. Detailed information on emission sources may be found in 

the Emissions from Storage BREF [EIPPCB, Draft #49] but, in general terms, emissions 

may arise from: 

o tank losses from displacement during filling and breathing during ambient 

temperature changes (mainly VOCs with the rate of loss depending on the 

vapour pressure), 

o loading/unloading of containers and vessels (tankers for road, rail and sea), 

o blanket gases used in storage tanks, 

o particulate losses from conveyors, 

o evaporative losses from spills; 

 

 Emission abatement: 

o waste gas combustion units (e.g. flares, incinerators) may produce secondary 

pollutants that did not exist in the original waste stream (e.g. dioxins, 

particulates), as well as combustion gases, 

o stripping of waste water (with air or steam) will transfer dissolved organics into 

the gaseous phase, 

o VOCs from waste water collection systems (e.g. drains, balancing tanks), 

o VOCs from waste water treatment facilities (e.g. vaporisation of VOCs in 

biological treatment units), 

o VOCs and particulates from storage and treatment of solid wastes; 

 

 Energy/utilities: 

o combustion units widely used for raising steam, heat and electricity (e.g. 

process heaters, furnaces) will produce the usual combustion gases (e.g. COX, 

NOX, SO2, particulates) and other pollutants (e.g. acid gases, dioxins) if wastes 

are combusted; 

 

 Infrastructure: 

o fugitive losses (especially VOCs) from equipment (e.g. compressors, pumps) 

and fittings (e.g. flanges, valves), 

o cooling water contaminated with process streams (e.g. from equipment leakage) 

passing through cooling towers, 

o workspace ventilation is primarily a health and safety issue, and although the 

pollutant concentrations are very low in ventilation air, there may be significant 

mass releases to atmosphere because of the high air volumes involved, 

o analysers and sampling ports, 

o equipment evacuation and cleaning in preparation for access (e.g. 

maintenance); 

 

 Management systems: 

o Inadequacies of management systems or failure of operators to adhere to 

procedures may be a source of process upsets or incidents, with possible 

subsequent emissions. 

 

2.3.2.2 Volatile organic compounds (VOCs) 
 

VOC emissions are of significant environmental concern because some have the potential for 

Photochemical Ozone Creation Potential (POCP), Ozone Depletion Potential (ODP), Global 

Warming Potential (GWP), toxicity, carcinogenicity and local nuisance from odour. The 

prevention of VOC emissions is therefore one of the most important issues facing the operation 

of LVOC processes. 
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The term VOCs covers a diverse group of substances and includes all organic compounds 

released to air in the gas phase, whether hydrocarbons or substituted hydrocarbons. Their 

properties, and hence need for control, vary greatly and so systems have been developed to 

categorise VOCs according to their harmfulness. The German TA-Luft classification system is 

used by several Member States as a basis for permitting and for national legislation or guidance. 

It is also the basis for a system developed in the UK [Environment Agency (E&W), 1995 #14], 

which identifies three classes of VOC and requires a commensurate level of prevention and 

control for each class. The three classes are: 

 

 extremely hazardous to health – such as benzene, vinyl chloride and 1,2 dichloroethane;  

 Class A compounds – that may cause significant harm to the environment (e.g. 

acetaldehyde, aniline, benzyl chloride); 

 Class B compounds – that have a lower environmental impact.  

 

VOCs could also be defined as substances with a vapour pressure greater than 0.3 kPa at 20 °C 

(which is close to the US definition for the application limits of systematic LDAR). This limit 

was set by the US EPA based on two facts: 

 

 emissions of heavier products through leaks are normally very low and can be visually 

detected, and 

 the sniffing method is not adequate for the heavier products. 

 

Some VOCs may also be highly odorous, for example aldehydes, mercaptans, amines and other 

sulphur-containing compounds. This may necessitate additional stringency in the prevention 

measures (e.g. high integrity equipment to reduce fugitives) and the abatement of losses. VOCs 

typically arise from: process vents; the storage and transfer of liquids and gases; fugitive 

sources; and intermittent vents. Losses are greatest where the feedstock or process stream is a 

gas; in these cases VOC losses can exceed 2 % of total production [Environment Agency 

(E&W), 1998 #1]. Point sources of VOCs have been well controlled over recent years and 

losses of fugitives (from pumps, valves, tanks, etc.) have become the major source of VOC 

emissions from many plants. 

 

Some unit processes (e.g. hydroformylation, chlorination, dehydrogenation, condensation, 

oxychlorination, hydrochlorination) have reactors with large VOC emission factors but their 

high calorific values usually make them suitable for abatement in combustion devices. Other 

unit processes (e.g. ammination, ammonolysis, cleavage, esterification, fluorination, hydration, 

neutralisation, oligomerisation, phosgenation, pyrolysis, sulphurisation) are reported to have no 

reactor vents (and hence no VOC emissions), but may have significant VOC emissions from 

subsequent distillation units [USEPA, 1993 #33]. 

 

2.3.2.3 Dust 
 

In general, arisings of dust matter are not usually a major issue in the production of LVOC, but 

they may derive from activities such as: 

 

 the conditioning of solid raw materials; 

 the drying of solid products; 

 catalyst regeneration; 

 waste handling. 

 

2.3.2.4 Combustion gases 
 

This LVOC BREF review will not address combustion operations where the main purpose is to 

generate energy. This BREF will only address those combustion operations where the main 

drive is a chemical conversion or reaction (e.g. EDC cracking or lower olefin crackers). (See 

Chapter 4 and Chapter 16) 
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Combustion gases may originate from primary sources, such as process furnaces, steam boilers, 

turbines and engines, but also from pollutant abatement (e.g. incinerators and flares). Whilst 

process furnaces are usually dedicated to one process, steam and electricity producing units 

often serve a complete chemical complex and their emissions cannot be easily allocated to one 

process. 

 

Combustion units will generate emissions to air that are related to combustion conditions (e.g. 

CO2, H2O, NOX, CXHY, CO, dust) and fuel composition (e.g. SO2, fuel-NOX, metals, dust) 

[InfoMil, 2000 #83]. 

 

Common gaseous fuels in the LVOC sector are natural gas and low-boiling gaseous fractions 

arising from the processes (e.g. hydrogen, C1-C4 hydrocarbons). In general, gaseous fuels 

combust cleanly and result in the lowest emissions. Gaseous fuels are normally low in sulphur 

and have a low content of bound nitrogen, hence the SOX and fuel NOX emissions from gas 

firing are relatively low. Emissions may be increased by air preheating (higher thermal-NOX 

emissions) and sulphur or nitrogen compounds in the fuel (may cause fuel-NOX and fuel-SO2 

emissions). The temperatures in high temperature process furnaces may also increase thermal-

NOX emissions. 

 

Liquid fuels may occasionally be used in the LVOC industry. Common liquid fuels are residual 

higher boiling fractions from the process and industrial gas oil or fuel oil. Emissions depend 

mainly on the concentration of impurities in the fuel. In particular, ‘heavy’ liquid fuels may 

cause emissions of dust and heavy metals (due to ash content), emissions of NOX and SO2 (due 

to nitrogen and sulphur content) and have an increased potential for soot formation. 

 

Further information on emissions from combustion processes can be found in the LCP BREF. 

 

2.3.2.5 Acid gases 
 

Mainly hydrogen chloride and hydrogen fluoride formed as by-products during halogenations 

reactions. Potentially releases of halogenating agents as well (e.g. chlorine, bromine). Also 

releases of SO2 from some processes. 

 

2.3.2.6 Dioxins 
 

Polychlorinated dibenzodioxins (dioxins), polychlorinated dibenzofurans (furans) and 

polychlorinated biphenyls (PCBs) may be generated as pollutants from certain production 

processes that use chlorine. Dioxins can also be emitted from thermal oxidation devices treating 

a chlorinated or non-chlorinated feedstock if improper operating conditions are used. 

 

2.3.3 Emissions to water 
 

The Paris workshop [CITEPA, 1997 #47] considered that the water pollution issues of a process 

were different for: 

 

 non-aqueous processes; 

 processes with process water contact as steam, diluent or absorbent; 

 processes with a liquid phase reaction system; 

 batch processes where water is used for cleaning operations. 

 

All but batch processes are likely to be used in LVOC production. 

 

2.3.3.1 Emission sources 
 

Again, the generic LVOC process provides a useful structure for identifying the source of water 

emissions. For all sources, attention should not only be paid to effluent streams that enter 
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surface waters (rivers, lakes, seas), but also to discharges to groundwater – either directly or 

indirectly (via the contamination of soil). The sources may include: 

 

 Raw material supply and work-up: 

o storage tank overflows, 

o mixing vessels (e.g. overflows, wash-down) 

 

 Synthesis: 

o water is added (as a reactant solvent or carrier), 

o reaction water is formed in the process (e.g. from a condensation reaction), 

o water is present in the raw material, 

o process purges and bleeds (especially of ‘mother liquors’), 

o quenching of organic vapour streams; 

 

 Product separation and refinement: 

o water is used for product washing and picks up traces of products/wastes, 

o spent neutralising agents (acid or alkali), 

o regeneration of ion exchange resins, 

o solvent recovery; 

 

 Product storage and handling – Detailed information on emission sources may be found 

in the Emissions from Storage BREF [EIPPCB, Draft #49] but, in general terms, 

emissions may arise from: 

o spills during loading/unloading, 

o leakage from tanks and pipe systems, 

o spillage from drums and IBCs; 

 

 Emission abatement: 

o effluents may utilise neutralising agents (acid or alkali), 

o air abatement systems (e.g. spent scrubber liquor), 

o dewatering of sludges, 

o water bleed from seal drums and knock-out drums; 

 

 Energy/utilities: 

o hydrocarbon contamination of water cooling systems (e.g. from equipment 

leakage), 

o bleed on boiler feed water (containing corrosion-inhibitors, biocides and scale), 

o bleed on water demineralisation plant, 

o cooling system blowdown, 

o steam condensate contaminated with raw material, product, or waste (e.g. from 

equipment leakage); 

 

 Infrastructure: 

o cleaning operations (washing of vessels, pipes and other equipment to facilitate 

access, e.g. for maintenance purposes), 

o fire-fighting water, 

o rainwater run-off from roofs and hardstanding, 

o diffuse sources (e.g. leaks, spills from process equipment), 

o oil from mechanical equipment (e.g. compressors), 

o contamination of condensate from steam ejectors used to create vacuum, 

o water gland seals on vacuum pumps, 

o vapour condensates in pipe runs, 

o general site effluents from offices, canteens, laboratories and workshops, 

o water-curtains for hydrocarbon containment and/or acid gas absorption; 

 

 Management systems: 
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o emissions may occur from process upsets or incidents that are attributable to the 

inadequacies of management systems or the failure of operators to adhere to 

procedures. 

 

2.3.3.2 Effluent loads 
 

Waste water volume: there are only a very few processes (namely the chlorohydrin process for 

propylene oxide and epichlorohydrin) that show specific waste water volumes > 10 m
3
/t 

product. These processes involve hydrolysis reaction steps where, after the separation of the 

product, the aqueous solution is discharged without recycling. 

 

TOC/COD: there are not many processes that show COD loads > 10 kg/t at the plant outlet prior 

to biological treatment. Most of the processes show the following characteristics: 

 

 reaction in aqueous solution (chlorohydrin processes, manufacture of acetaldehyde) or 

aqueous removal of soluble by-products from gas phase reactions (e.g. acrylonitrile) or 

organic phases (e.g. nitration of aromatics, esterifications); 

 no pretreatment to reduce TOC/COD 

 

Effluent loads typical of LVOC processes are given in the table below. 
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Table 2.3: Emissions and abatement techniques of LVOC production installations 2011 revision 

 
 Emissions prior to biological treatment 

 
Waste Water Volume COD AOX 

AOX 

 

 

Product m³/t kg/t g/t 

 

mg/l 

 
  <0.1 0.1-1 1-10 >10 <0.1 0.1-1 1-10 >10 <0.1 

0.1-

1 
1-10 10-100 >100 <0.1 <0.3 <1 1-10 >10 

1. Olefins 
                  

C1=;C2=;C3= 
 

x 
   

x 
            

1.3-Butadiene 
 

x 
  

x 
             

Acetylene 
  

x 
   

x 
           

2. BTX 
                  

Benzol / Toluol x 
   

x 
             

Ethylbenzol / Cumol 
 

x 
  

x 
   

x 
         

Styrol 
  

x 
 

x 
             

3. EDC/VC, Chlororganica 
                  

EDC x 
   

x 
   

x 
      

x x 
 

EDC 
 

x 
   

x 
   

x 
      

x 
 

Methyl chloride 
  

x 
  

x x 
  

x 
     

x 
  

Epichlorhydrine 
   

x 
  

x 
     

x 
   

x 
 

Chlorbenzole 
 

x 
  

x 
     

x 
      

x 

Ethylchloride 
  

x 
 

x 
     

x 
     

x 
 

4. Oxygenated 
                  

Formaldehyde x x 
  

x x 
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 Emissions prior to biological treatment 

 
Waste Water Volume COD AOX 

AOX 

 

 

Product m³/t kg/t g/t 

 

mg/l 

 
  <0.1 0.1-1 1-10 >10 <0.1 0.1-1 1-10 >10 <0.1 

0.1-

1 
1-10 10-100 >100 <0.1 <0.3 <1 1-10 >10 

Metbe/ Butanol/Buten 
 

x 
  

x 
             

Ethylenoxide 
 

x 
    

x 
           

Phenol 
 

x 
    

x 
           

Propylenoxide 
   

x 
   

x 
    

x 
    

x 

Acetic acid 
 

x 
     

x 
         

 

EG/PG 
 

x 
   

x x 
          

 

Phthalic anhydride 
  

x 
   

x 
          

 

Adipinsäure 
  

x 
   

x 
          

 

Acrylsäure / Acrylatester 
 

x 
  

x x 
           

 

Acetaldehyd 
  

x 
    

x 
    

x 
    

x (>100 mg/l) 

Acetaldehyd 
  

x 
    

x 
    

x 
    

x (>100 mg/l) 

2-Ethylhexanol 
 

x 
   

x 
           

 

Isopropanol 
  

x 
   

x 
          

 

Ethanol 
  

x 
  

x 
           

 

Bisphenol A 
 

x 
   

x 
           

 

Glycolether 
 

x 
  

x 
   

x 
        

 

Methylmethacrylat 
 

x 
    

x 
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 Emissions prior to biological treatment 

 
Waste Water Volume COD AOX 

AOX 

 

 

Product m³/t kg/t g/t 

 

mg/l 

 
  <0.1 0.1-1 1-10 >10 <0.1 0.1-1 1-10 >10 <0.1 

0.1-

1 
1-10 10-100 >100 <0.1 <0.3 <1 1-10 >10 

Acetanhydrid / Acetic acid 
 

x 
    

x 
          

 

Ethylacetat 
 

x 
   

x 
           

 

FAME 
 

x 
    

x 
  

x 
       

 

Methylethylketon x 
   

x 
             

Chloroacetic acid 
  

x 
   

x 
     

x 
    

x (>100 mg/l) 

1.4-Butandiol / Formaldehyde 
  

x 
    

x 
          

Maleic anhydride 
  

x 
   

x 
           

Cyclohexanol/Cyclohexanon 
 

x 
    

x 
           

5. Organic Nitrogen 
                  

Nitrobenzol 
 

x 
    

x 
  

x 
        

Acrylonitrile 
  

x 
    

x 
          

Caprolactam 
 

x 
    

x 
   

x 
       

Aniline 
  

x 
   

x 
  

x 
        

Aniline 
  

x 
  

x 
            

TDA 
  

x 
    

x 
          

TDI (+ Phosgene) 
  

x 
   

x 
    

x 
    

x 
 

Ethanolamine 
 

x 
   

x 
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 Emissions prior to biological treatment 

 
Waste Water Volume COD AOX 

AOX 

 

 

Product m³/t kg/t g/t 

 

mg/l 

 
  <0.1 0.1-1 1-10 >10 <0.1 0.1-1 1-10 >10 <0.1 

0.1-

1 
1-10 10-100 >100 <0.1 <0.3 <1 1-10 >10 

MDA  
  

x 
  

x 
            

MDI   ( + Phosgene) 
 

x 
  

x 
    

x 
        

Source:  
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2.3.3.3 Pollutant types 
 

The nature of pollutants in effluents is very specific to the process, but several generic effluent 

characteristics are encountered in LVOC processes: 

 

 Mixtures of oil/organics in water: oils are so widely used in processes that they pose a 

high risk of contaminating effluents. Other organic contaminants may arise from raw 

materials, by-products and the use of solvents. These may occur as an emulsion or as a 

distinct phase. 

 Biodegradable organics (typically as measured by BOD). 

 Recalcitrant organics, i.e. they are not amenable to conventional biological degradation. 

This may be measured by tests such as chemical oxygen demand (COD), total organic 

carbon (TOC), Adsorbable Organically bound Halogens (AOX) or Extractable 

Organically bound Halogens (EOX). 

 Volatile organic compounds. 

 Heavy metals – resulting from the use of catalysts. 

 Nitrogen compounds (NH4-N, NO3-N, NO2-N) and phosphate – where used in a 

process. 

 Acid/alkaline effluents. 

 Suspended solids. 

 Heat. 

 

2.3.4 Raw material consumption 
 

Chemical plant operators will obviously seek a highly efficient use of raw materials to achieve a 

more profitable business. Annex III to the IED mentions the use of raw materials as a criterion 

when selecting the best available technique. 

 

Chemical processes' overall yield is influenced by many design and operational features such as 

chemical reaction selectivity or fractionation yields. In many chemical processes the measures 

that are taken to reduce the generation of residues, co-products or by-products are the same 

measures used to achieve a low raw material usage. 

 

In other cases the purity or source of the raw materials can have an impact on: 

 

 the lifespan of the catalyst (poisons); 

 the nature of certain emissions (e.g. light components to vent); 

 the need to invest in more assets and equipment to purify the feedstock. 

 

[Request to TWG: Additional comments welcome on this section] 

 

2.3.5 Energy consumption 
 

Chemical plant operators will obviously seek a lower energy usage to have a more profitable 

business. Annex III to the IED mentions the use of energy as a criterion when selecting the best 

available technique. 

 

This document contains, for every illustrative chapter, the list of measures to reduce the usage 

of energy. It also covers the opportunities to recover energy from process heat. 

 

There is a clear and direct relationship between the amount of energy use in a process and the 

emissions to air to produce that energy (in a combustion process). These emissions to air are in 

the form of NOX, COX, SOX, etc. The techniques and measures to reduce the emissions working 

on the energy supply side (operation of the furnace or boiler) are in the LCP or REF BREFs. 

The techniques and measures to reduce the energy demand are listed in this document. 
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[Request to TWG: Additional comments welcome on this section] 

 

2.3.6 Water consumption 
 

The CWW BREF deals with the horizontal or general measures that every chemical plant can 

take during its design or operation to reduce water usage. These include the optimisation of the 

cooling water treatment (cycles) and the selection of those vacuum systems not based on steam 

(condensate) usage. 

 

This document contains other measures on the process-specific features than an operator can 

determine in order to achieve lower water usage. The treatment at source of effluent generated 

in the process can enable the recycling of water into operations that have an intensive water 

usage such as washing. 

 

[Request to TWG: Additional comments welcome on this section] 

 

2.3.7 Co-products, by-products and waste generation 
 

2.3.8 Emission sources 
 

Wastes are very specific to a process, but the key pollutants in wastes can be derived from: 

knowledge of the process; construction materials; corrosion/erosion mechanisms and materials 

related to maintenance. In generic terms, wastes may include: 

 

 Raw material supply and work-up: 

o off-specification raw materials; 

 

 Synthesis: 

o spent catalyst and catalyst support. Catalysts may become spent because of 

chemical deactivation, physical degradation or fouling. The composition of 

catalysts varies greatly and is often subject to a high level of confidentiality. 

Many are based on expensive, exotic metals and this prompts recovery (either 

on- or off-site); 

o wastes due to shutdown (e.g. organic residues); 

o corrosion and erosion products inside equipment (e.g. oxides of iron and other 

metals); 

o product separation and refinement; 

o spent purification media. A variety of media are used to remove impurities such 

as water or unwanted by-products (e.g. activated carbon, molecular sieves, filter 

media, desiccants, ion exchange resins); 

o unwanted by-products; 

o process residues (e.g. heavy organic residues from distillation columns (e.g. tars 

and waxes), sludges in vessels). May have value as a by-product, feedstock for 

another process or as a fuel; 

o spent reagents (e.g. organic solvents – these may be valuable to recover/reuse, 

or to use a fuel to capture the calorific value); 

o off-specification products; 

 

 Product storage and handling – Detailed information on emission sources may be found 

in the Emission from Storage BREF [EIPPCB, Draft #49], but in general terms emissions 

may arise from: 

o waste packaging (e.g. spent drums, sacks); 

o product polymerisation in tanks; 

 

 Emission abatement: 

o adsorbents used for spill clean-up; 
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o solids produced by the abatement of air pollutants (e.g. dust from electrostatic 

precipitators, bag filters); 

o solids produced by the abatement of water pollutants (e.g. catalyst solids settled 

from waste water, filter cake); 

 

 Energy/utilities: 

o ashes/soot from furnaces, heaters and other combustion equipment; 

 

 Infrastructure: 

o decommissioned plant equipment; 

o construction materials (e.g. metal, concrete, insulation); 

o general site wastes from offices, canteens and laboratories; 

o spent cleaning agents (e.g. phosphoric acid); 

o spent oils (lubrication, hydraulic, etc.); 

o spent heat transfer fluids; 

 

 Management systems: 

o emissions may occur from process upsets or incidents that are attributable to the 

inadequacies of management systems or the failure of operators to adhere to 

procedures. 

 

2.3.9 Pollutant types 
 

The form of wastes may range from discrete solid items to highly fluid sludges with significant 

water content. The nature of wastes is very dependent on the process. Wastes may be hazardous 

due to the presence of toxic organic substances or heavy metals. 
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2.4 Techniques to consider in the determination of BAT 
 

This section describes techniques (or combinations thereof), and associated monitoring, 

considered to have the potential for achieving a high level of environmental protection in the 

activities within the scope of this document. The techniques described will include both the 

technology used and the way in which the installations are designed, built, maintained, operated 

and decommissioned. 

 

It covers environmental management systems, process-integrated techniques and end-of-pipe 

measures. Waste prevention and management, including waste minimisation and recycling 

procedures are also considered, as well as techniques that reduce the consumption of raw 

materials, water and energy by optimising use and reuse. The techniques described also cover 

measures used to prevent or to limit the environmental consequences of accidents and incidents, 

as well as site remediation measures. They also cover measures taken to prevent or reduce 

emissions under other than normal operating conditions (such as start-up and shutdown 

operations, leaks, malfunctions, momentary stoppages and the definitive cessation of 

operations). 

 

[Note to TWG: The techniques described or listed here are considered generally applicable to 

all LVOC processes. They are described here to avoid repetition across the illustrative chapters, 

and could be considered BAT in one or more of the processes described in the illustrative 

chapters. Techniques that are specific to a particular process or groups of processes are 

described in the relevant illustrative chapter.] 

 

Annex III to the Directive lists a number of criteria for determining BAT, and the information 

within this chapter will address these considerations. As far as possible, the standard structure in 

Table 2.4 is used to outline the information on each technique, to enable a comparison of 

techniques and the assessment against the definition of BAT in the Directive. 

 

[Note to TWG: However, where a technique has already been fully described in another BREF, 

this description is not repeated here, the technique is simply listed and a reference made to the 

relevant BREF (in most cases this is the CWW BREF). For some techniques, additional 

information may be provided, e.g. on applicability within the LVOC sector. Only those 

techniques which are specific to LVOC processes are described in full.] 

 

This chapter does not necessarily provide an exhaustive list of techniques which could be 

applied in the sector. Other techniques may exist, or may be developed, which could be 

considered in the determination of BAT for an individual installation. 
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Table 2.4: Information for each technique 

Heading within the sections Type of information included 

Description A brief description of the technique with a view to being used in the BAT 

conclusions. 

Technical description  A more detailed and yet concise technical description using, as 

appropriate, chemical or other equations, pictures, diagrams and flow 

charts. 

Achieved environmental 

benefits 

The main potential environmental benefits to be gained through 

implementing the technique (including reduced consumption of energy; 

reduced emissions to water, air and land; raw material savings; as well as 

production yield increases, reduced waste, etc.) 

Environmental  performance 

and operational data 

Actual and plant-specific performance data (including emission levels, 

consumption levels – of raw materials, water, energy – and amounts of 

residues/wastes generated) from well-performing installations/plants (with 

respect to the environment taken as a whole) applying the technique 

accompanied by the relevant contextual information. 

Any other useful information on the following items: 

 how to design, operate, maintain, control and decommission the 

technique; 

 emission monitoring issues related to the use of the technique; 

 sensitivity and durability of the technique; 

 issues regarding accident prevention. 

Links between inputs (e.g. nature and quantity of raw material and fuel, 

energy, water) and outputs (emissions, residues/wastes, products) are 

highlighted, in particular where relevant to enhancing an understanding of 

different environmental impacts and their interaction, for example where 

trade-offs have been made between different outputs such that certain 

environmental performance levels cannot be achieved at the same time. 

Emission and consumption data are qualified as far as possible with details 

of relevant operating conditions (e.g. percentage of full capacity, fuel 

composition, bypassing of the (abatement) technique, inclusion or 

exclusion of other than normal operating conditions, reference conditions), 

sampling and analytical methods, and statistical presentation (e.g. short 

and long-term averages, maxima, ranges and distributions). 

Information on conditions/circumstances hampering the use of the 

(abatement) technique at full capacity and/or necessitating full or partial 

bypassing of the (abatement) technique and measures taken to restore full 

(abatement) capacity. 

Cross-media effects Relevant negative effects on the environment due to implementing the 

technique, allowing a comparison between techniques in order to assess 

the impact on the environment as a whole. This may include issues such 

as: 

 consumption and nature of raw materials and water; 

 energy consumption and contribution to climate change; 

 stratospheric ozone depletion potential; 

 photochemical ozone creation potential; 

 acidification resulting from emissions to air; 

 presence of dust in ambient air (including microparticles and metals); 

 eutrophication of land and waters resulting from emissions to air or 

water; 

 oxygen depletion potential in water; 

 persistent/toxic/bioaccumulable components (including metals); 

 generation of residues/waste; 
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Heading within the sections Type of information included 

 limitation of the ability to reuse or recycle residues/waste; 

 generation of noise and/or odour 

 increased risk of accidents. 

 

The Reference Document on Economics and Cross-media Effects (ECM) 

should be taken into account. 

Technical considerations 

relevant to applicability 
It is indicated whether the technique can be applied throughout the sector. 

Otherwise, the main general technical restrictions on the use of the 

technique within the sector are indicated. These may be: 

 

 an indication of the type of plants or processes within the sector to 

which the technique cannot be applied; 

 constraints to implementation in certain generic cases, considering, 

e.g.: 

 whether it concerns a new or an existing plant, taking into 

account factors involved in retrofitting (e.g. space 

availability) and interactions with techniques already 

installed, 

 plant size, capacity or load factor, 

 quantity, type or quality of product manufactured, 

 type of fuel or raw material used, 

 animal welfare, 

 climatic conditions. 

 

These restrictions are indicated together with the reasons for them. 

 

These restrictions are not meant to be a list of the possible local conditions 

that could affect the applicability of the technique for an individual plant. 

Economics Information on the costs (capital/investment, operating and maintenance 

including details on how these costs have been calculated/estimated) and 

any possible savings (e.g. reduced raw material or energy consumption, 

waste charges, reduced payback time compared to other techniques), or 

revenues or other benefits including details on how these have been 

calculated/estimated. 

 

Cost data are preferably given in euro (EUR). If a conversion is made from 

another currency, the data in the original currency and the year when the 

data were collected is indicated. The price/cost of the equipment or service 

is accompanied by the year it was purchased. 

 

Information on the market for the sector in order to put costs of techniques 

into context. 

 

Information relevant to both newly built, retrofitted and existing plants. 

This should allow assessment, where possible, of the economic viability of 

the technique for the sector concerned. 

 

Information on the cost-effectiveness of the technique (e.g. in EUR per 

mass of pollutant abated) and related assumptions for their calculation can 

be reported. 

 

The Reference Document on Economics and Cross-media Effects (ECM) 

and the Reference Document on the General Principles of Monitoring 

(MON) are taken into account with regard to economic aspects and 

monitoring costs, respectively. 

Driving force for Where applicable, specific local conditions, requirements (e.g. legislation, 
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Heading within the sections Type of information included 

implementation safety measures) or non-environmental triggers (e.g. increased yield, 

improved product quality, economic incentives – e.g. subsidies, tax breaks) 

which have driven or stimulated the implementation of the technique to 

date. 

 

This subsection should be very short using bullet point lists. 

Example plants Reference to a plant(s) where the technique has been implemented and 

from which information has been collected and used in writing the section. 

An indication of the degree to which the technique is in use in the EU or 

worldwide. 

Reference literature Literature or other reference material (e.g. books, reports, studies) that was 

used in writing the section and that contains more detailed information on 

the technique. When the reference material consists of a large number of 

pages, reference will be made to the relevant page(s) or section(s). 
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2.4.1 Management techniques 
 

The techniques listed below are described in full in the CWW BREF and are considered 

generally applicable across the LVOC sector. 

 

 Environmental Management Systems (EMS). 

 

 Strategic Management Tools: 

o Risk assessment  

o Benchmarking  

o Life cycle assessment (LCA).  

 

 Transparent information on: 

o The site and its environmental circumstances 

o The production processes 

o Pollutant characteristics of the individual production processes 

o The characteristics of the emitted streams 

o Local factors. 

 

 Inventory Management Tools:  

o Site inventory 

o Stream inventory or register 

 Reduction of water usage and waste water discharge 

 Waste gas emission quantification 

o Mass balances. 

 

 Operational Management Tools: 

o Management of changes involving process and/or plant modifications. 

o Selection of appropriate performance indicators, including the setting and 

regular review of benchmarks and targets.  

o Monitoring, both emissions monitoring and monitoring of performance 

indicators (further details are provided on emissions monitoring in subsequent 

sections of this chapter). 

o Implementation of the selected emission control options . 

o Quality control methods . 

 

[Note to TWG: Quality control methods in the CWW BREF are limited to waste water 

treatment.] 

 

[Request to TWG: TWG members are asked to consider whether this should be expanded upon 

in this document.] 

 

 Reliability tools: 

o Corrosion avoidance best practices 

o Implement a reliability programme to maximise uptime 

o Redundant vent treatment system. 

 

 Safety and emergency tools: 

o Managing firefighting water and major spillages 

o Pollution incident response planning. 

 

2.4.2 Monitoring of emissions 
 

Detailed information on the monitoring and measurement of emissions can be found in the 

Reference Document on the General Principles of Monitoring. [Insert Ref (BATIS ID number 

8779)]. Some further information can also be found in the CWW BREF. 
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As a general principle, monitoring techniques should be in accordance with the relevant EN 

standard. If EN standards are not available, the ISO or national standards may be used provided 

that they ensure the provision of data of an equivalent scientific quality. 

 

2.4.2.1 Monitoring of emissions to air 
 
2.4.2.1.1 Monitoring of combustion-related emissions to air 

 

Combustion plants are a common feature of LVOC installations. Where the main purpose of a 

combustion plant is to generate energy, e.g. in the form of electricity or steam, then the 

operation of these plants is described in the Large Combustion Plant BREF (LCP). Techniques 

for monitoring air emissions from combustion processes are also described in the LCP BREF. 

Annex V, Part 3 of the IED also specifies when the monitoring of emissions from combustion 

plants shall be continuous. These techniques are generally applicable to large combustion plants 

on LVOC sites.  

 

However, these techniques are also generally applicable to those combustion plants where the 

purpose is to carry out a chemical conversion, e.g. lower olefin furnace for thermal cracking or 

EDC cracking/pyrolysis. This means: 

• monitoring of NOX and CO should be carried out continuously; 

• if sulphur-containing fuels are burnt then SOX monitoring should be continuous; 

• if liquid or solid fuels are used, then dust monitoring should be continuous; 

• dust should be measured whenever coke is being burnt; 

• if only gaseous fuels are burnt, then dust emissions monitoring could be limited to those 

times when burning coke; 

• if the sulphur content of the fuel is constant, measurement of the S content rather than 

continuous SOX monitoring might be feasible; 

 depending on the fuel used, it may be also appropriate to additionally measure the N 

content of the fuel. 

 

Additionally, it will be necessary to continuously monitor those parameters needed for the 

standardisation of emission measurements to reference conditions, e.g. temperature and O2 

content. 

 
2.4.2.1.2 Monitoring of emissions to air from abatement  

 

As a general principle, monitoring of emissions from end-of-pipe abatement equipment should 

be continuous.  In particular emissions from thermal and catalytic oxidation units which are in 

continuous operation, and from adsorption plants and scrubbing plants, where the performance 

of the abatement device may be dependent on the level of saturation of the adsorption or 

scrubbing media; should be continuous. 

 

For intermittent process operations, or for those with a very low level of emission, or where 

there is no continuous monitoring technique available, periodic monitoring of the emission 

should be carried out. 

 

As well as monitoring emissions from the end-of-pipe abatement device, it may be appropriate 

in some circumstances to monitor the emissions from key process operations, either unabated or 

after only pretreatment.  This type of monitoring can generate important information on raw 

material and / or product losses, or on process efficiency.  This is particularly the case where 

many process vents are combined together prior to treatment.  The choice of continuous or 

periodic monitoring will depend on the scale and importance of the emission. 

 

This issue is considered further, where relevant in the description of abatement techniques and 

the processes described in chapters 4 to 16. 
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2.4.2.1.3 Targeted monitoring of pollutants in ambient air 

 

Description 

This is the targeted monitoring of pollutants in ambient air at specific locations within the 

installation. 

 

Technical description 

Any continuous or periodic monitoring device to identify fugitive emissions of VOCs, 

implemented as part of a leak detection and repair (LDAR) programme. 

 

Achieved environmental benefits 

Early identification of failure or wear of diffuse VOC prevention and containment measures, 

reduced fugitive losses to the environment. 

 

Environmental performance and operational data 

 

Cross-media effects 

Monitoring will also support site health and safety measures and reduce operator exposure to 

hazardous or toxic chemicals. 

 

Technical consideration relevant to applicability 

The application of this technique should be based on a risk assessment and where carried out be 

done as part of the LDAR programme for preventing and reducing diffuse VOC emissions. 

  

Driving force for implementation 

 

Example plants 

Ethylene oxide, aromatics and formaldehyde plants (see Chapters 7, 8, and 10) 

 

Reference literature 

 

2.4.2.2 Monitoring of water emissions 
 

The monitoring of waste water streams is described in the CWW BREF. The data collected in 

the EIPPCB questionnaire for the LVOC showed that in most units, key process parameters that 

are relevant to the operation of downstream waste water treatment are monitored, including flow 

and pH. In addition to these requirements, additional monitoring of waste water streams should 

be applied in the following circumstances: 

   

 when a technique is used to recover or reuse a material from a waste water stream; or 

when a technique to treat a pollutant at source or a specific pretreatment is applied prior 

to the waste water entering the common waste water system, then monitoring of this 

waste stream should be carried out in order to optimise the performance of this 

technique; 

 for those pollutants that are likely to be present and are not abated by the central waste 

water treatment system, e.g. dioxins and/or AOX, and whose presence may harm the 

downstream process, then monitoring of this waste stream should be carried out to 

protect the downstream facilities (e.g. solvents from aromatic extraction plants); 

 for those pollutants that are likely to be present in the final effluent discharge and are 

outside the scope of the CWW BREF; 

 

The above bullet points should be applied to the inventory of waste water streams. Monitoring 

frequency is considered in the CWW BREF. The toxicity assessment of the final effluent and 

the applicability of whole effluent assessment are fully described in the CWW BREF and not 

repeated here. 
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2.4.3 Waste gas collection systems 
 

From the CWW BREF, it is already BAT to establish and maintain an inventory of waste gas 

streams as part of the site environmental management system. This inventory should incorporate 

all the following features. 

 

I. Information about the chemical production processes, including: 

a. chemical reaction equations, also showing by-products;  

b. simplified process flow sheets that show the origin of the emissions; 

c. descriptions of process-integrated techniques and waste gas treatment at source 

including their performances. 

 

II. Information about the individual streams, including:  

a. average values and variability of flow and temperature; 

b. average concentration and load values of relevant pollutants/parameters and 

their variability (e.g. VOC, CO, NOX, SOX, chlorine, hydrogen chloride); 

c. flammability, lower and higher explosive limits, reactivity; 

d. presence of other substances that may affect the treatment system or plant 

safety (e.g. oxygen, nitrogen, water vapour, dust). 

 

It is also already BAT to enclose the emission sources and to treat the emission sources where 

possible, using an integrated waste gas management and treatment strategy that includes 

process-integrated and waste gas treatment techniques.. Finally, it is already BAT to use flaring 

only for safety reasons or for non-routine operational conditions. 

 

Based on the application of these BAT conclusions from the CWW BREF, decisions can be 

made on the selection of waste gas collection and treatment. This section seeks to elaborate 

further, where appropriate, on their specific application within the LVOC sector. Further 

elaboration may also be found in the illustrative chapters of this document, where there are 

specific examples of the application of some of these techniques. 

 

2.4.3.1 Channelling of waste gas streams 
 

Description 

This is a technique for collecting together emissions from a number of different process vents 

into a common pipework system, so that suitable abatement techniques can be applied to the 

combined stream. 

  

Technical description 

Once collected into a common vent system, emissions can be treated through adsorption or 

thermal techniques. The vent system can be a site-wide system or dedicated to vents from a 

specific process, or a combination of these.  A more detailed description of common vent 

systems is given in the CWW BREF. 

 

Achieved environmental benefits 

 The treatment of waste gases that might otherwise be emitted unabated.  

 The application of a more effective recovery or abatement technique that would be 

unavailable if applied to each individual stream.  

 A reduction in diffuse emissions. 

 Possible material or energy recovery. 

 

Environmental performance and operational data 

Accurate information on the effectiveness of this technique is difficult to obtain because of the 

diffuse nature of the sources of these emissions. The level of reduction achieved depends on the 

end-of-pipe technique that is subsequently applied. 
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[Note to TWG: Some examples or cross references will be made here to some of the illustrative 

processes.] 

 

Cross-media effects 

These will be largely dependent on the subsequent treatment applied. It is possible that the 

collection of diffuse emissions could result in concentrations above the lower explosive limit in 

the vent system. Further details are available in the CWW BREF. 

 

Technical consideration relevant to applicability 

This technique requires a site infrastructure including pipework systems, fans and a shared 

abatement system. These systems need to be incorporated at the design stage and, whilst it is 

therefore generally applicable to new plants, for existing sites applicability may be limited by 

various constraints. For existing sites, efforts should be made to incorporate these techniques 

over time as part of the process of continuous improvement. 

 

Economics 

The cost of techniques will be site-specific. Costs will be lower for new plants. 

 

Driving force for implementation 

The driving force for implementation includes reduction in material losses and improvement in 

site safety. 

 

Example plants 

Channelling is used in the following LVOC processes: 

 to prevent or reduce emissions to air from process units (such as distillation columns), 

operators can ensure the appropriate treatment of process off-gases, especially 

incondensable off-gases, by acid gas removal prior to further use; 

 generally applicable for processes containing acid and toxic compounds like EDC/VCM, 

TDI, MDI, etc.  

 

[Note to TWG: Some examples or cross references could be made here to some of the 

illustrative processes.] 

 

Reference literature 

For further information on this technique, please refer to the CWW BREF. 

 

2.4.3.2 Dedicated and closed system for collection of diffuse emissions 
 

Description 

This is a technique for preventing diffuse emissions and/or for capturing and channelling 

emissions that would otherwise be diffuse, for treatment close to their source. 

 

Technical Description 

Design and operate a system to collect waste gas emissions from certain process operations, 

such as tank filling and sampling, into a closed loop system or into a separate header. This 

technique can be operated in combination with the channelling of emission streams (see 2.4.3.1 

above).  

 

Achieved environmental benefits 

 A reduction in diffuse emissions. 

 The treatment of waste gases that might otherwise be emitted unabated.  

 

Environmental performance and operational data 

These localised dedicated systems enable feedstock (or energy) recovery close to the source. 

 

Cross-media effects 
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A reduction in diffuse emissions can also result in improved process safety and reduced operator 

exposure to harmful substances. 

 

Technical consideration relevant to applicability 

Generally applicable - it is especially applicable in those cases where hazardous, toxic or 

mutagenic compounds are present in the emission streams or when recovery at source is easier 

and less expensive than as part of final treatment. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

Solvents in aromatics extraction units. Phenol in phenol plants. 

This is widely applied in aromatic plants (see chapter 8). 

 Dedicated benzene vent systems. 

 Dedicated aromatic vent systems. 

 Closed loop sampling systems. 

 Closed vent systems for maintenance functions. 

 

Reference literature 

For further information on this technique, please refer to the CWW BREF. 

 

2.4.4 Techniques for the treatment of emissions to air 
 

Emissions to air from LVOC production sites can include some or all of the following 

substances: 

 

• Volatile organic compounds (VOCs); 

• inorganic compounds, e.g. hydrogen halides, hydrogen sulphide, sulphur dioxide, 

nitrogen oxides, ammonia and carbon monoxide; 

• dust; 

• odour (see Chapter 2.4.10). 

 

This section elaborates further on some of the techniques which are applied widely across the 

LVOC sector to reduce emissions of these substances to air through techniques to prevent, 

minimise, recover or abate these emissions. These techniques are sometimes applied to 

individual streams, sometimes to combined streams. Where waste gas streams contain various 

types of pollutants, a number of techniques may need to be applied sequentially; again 

sequential treatments may need to be applied to individual streams or to combined streams. 

Therefore, waste gas treatment at LVOC sites is likely to be multi-component requiring the use 

of an integrated waste gas management and treatment strategy. 

 

Full details on almost all of these techniques are available in the CWW BREF.  

 

2.4.4.1 Techniques for volatile organic compounds (VOCs)  
 

Techniques considered in this section are: 

 

 adsorption,  

 catalytic oxidation, 

 condensation and cryogenic condensation, 

 prevention techniques for diffuse emissions, 

 thermal oxidation. 
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These are techniques which have widespread application in the LVOC sector and examples of 

their application can be found in a number of the illustrative chapters. A more comprehensive 

list of techniques can be found in the CWW BREF. Where techniques are only used in one or 

two LVOC processes, their application is described in the relevant illustrative chapter. These 

techniques are also used in vapour recovery units from storage facilities. 

 

2.4.4.2 Adsorption 
 

In the LVOC sector, adsorption is an end-of-pipe technique for the abatement of low 

concentrations and loadings of VOCs, odours or other potentially harmful emissions, e.g. 

mercury and dioxins. The technique can also be used to pretreat process air (e.g. drying) or treat 

intermediate process streams to remove low levels of undesirable contaminants. A full 

description of the adsorption process is given in the CWW BREF. A summary of this 

description and its applicability to LVOC is considered below. 

 

Description 

Adsorption is heterogeneous reaction in which gas molecules are retained on a solid (or liquid) 

surface that prefers specific compounds to others and thus removes these compounds from the 

waste gas stream. When the surface gas has adsorbed as much as it can, the adsorbed material is 

desorbed as part of the regeneration cycle of the adsorbent. When desorbed, the contaminants 

are usually present in a much higher concentration; this means they can either be recovered or 

disposed of more effectively. 

 

Technical Description 

A full description of the adsorption process and the types of adsorption equipment available is 

given in the CWW BREF. The parameters of these techniques that are more relevant to 

performance are briefly mentioned here. 

 Design: the choice of the number of beds is part of the design optimisation and does not 

influence the emission concentration. 

 Regeneration fluid selected by the design: normally low or medium pressure steam. 

 Adsorbent material: charcoal may be the most common adsorbent. The vent stream 

usually goes through condenser(s) where part of the pollutants are condensed and 

recycled to the process. The vent stream is subsequently purified with activated carbon, 

which is periodically regenerated, normally with steam, to recover the pollutants. The 

steam condensing in the activated carbon beds is drained as aqueous effluent. Other 

materials like zeolites are also efficient. 

 Adsorption management: this feature involves all actions taken by the operator to 

optimise adsorption performance. These include: intensive (continuous) monitoring of 

adsorption performance trends to optimise stream life or regeneration time; procedures 

that include measures (such as plant shutdown) in case the emission threshold value is 

reached; ensuring sufficient fresh adsorbent is available (in place) for unplanned early 

exhaustion of absorption capacity; process optimisation system for continuous 

improvement of adsorption performance (such as process models or six sigma 

methodology). 

 Cooling feature prior to alignment: When going back online after regeneration, the 

exhaust air could be in contact with the hot/wet active carbon bed. Then there would be 

a short period when VOCs were not optimally adsorbed: the VOC concentration would 

then be high but only for a few minutes in an adsorption step of hours. An option to 

reduce the peak emissions at the beginning of the adsorption is to cool down the AC bed 

with air recycled from the discharge, but additional electric power is needed (this is 

listed above as a technique). 

 

Achieved environmental benefits 

Typical adsorbents used include granular activated carbon (GAC), zeolites, polymers and 

combinations of these. GAC can be used to abate a wide range of VOC emissions. Zeolites and 

polymers can be made highly selective to specific organic species. 
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Environmental performance and operational data 

 An example of the application of adsorption can be found in the oxidation section of 

hydrogen peroxide production provides. See (Table 15.8: Emissions to air from 

oxidation section with adsorbers). 

 Over time the adsorbent will become fully saturated. If the regeneration cycle is not 

started before this occurs, there will be a breakthrough of the pollutant. 

 

Additional performance information can be found in the CWW BREF. 

 

[Note to TWG: More examples or cross references could be made here to some of the 

illustrative processes.] 

 

Cross-media effects 

 Where the adsorbent is not regenerated, the material will need to be disposed of as a 

waste. If GAC is used, this is likely to be by incineration. 

 Regeneration of the adsorbent is often a thermal process, requiring an input of energy, 

although vacuum regeneration can be used in some cases. Regeneration can be on-site 

or off-site, integral or separate from the process. 

 Recovery of the component during desorption may generate emissions to air that may 

also need to be abated. 

 

Technical consideration relevant to applicability 

 Adsorption is widely used in the LVOC sector. The technique is generally applicable to 

those waste streams with only low concentrations of pollutants. Higher concentrations 

will result in more frequent regeneration of the adsorbent for which other techniques are 

likely to be more appropriate. 

 

Economics 

Adsorption is relatively low-cost in comparison with some other techniques, e.g. thermal 

oxidation. It can often be installed locally to individual emission sources. There is also the 

potential benefit of product recovery. Further information is provided in the CWW BREF. 

 

Driving force for implementation 

 Raw material recovery from low concentration waste gas streams, e.g. VOCs. 

 Abatement of waste gas streams, e.g. VOCs, mercury and dioxins. 

 

Example plants 

Adsorption is used in the following LVOC processes: 

 

[Note to TWG: Some examples or cross references could be made here to some of the 

illustrative processes.] 

 

Reference literature 

For further information on this technique, please refer to the CWW BREF. 

 
2.4.4.2.1 Catalytic oxidation 

 

In the LVOC sector, catalytic oxidation is an end-of-pipe technique for the abatement of VOCs. 

It will normally be applied to a combined waste gas stream drawn from different parts of the 

same LVOC process or from a number of different LVOC processes. A full description of the 

thermal oxidation process is given in the CWW BREF. A summary of this description and its 

applicability to LVOC is considered below. 

 

Description 

Catalytic oxidation is the oxidation of the VOC content of waste gases and/or odorants in a 

waste gas stream by heating a mixture of the contaminants with air or oxygen. It operates in a 

similar way to thermal oxidation except that, after passing through the flame area, the waste gas 
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passes through a catalyst bed enabling conversion at lower reaction temperatures than in thermal 

oxidisers. 

 

Technical description 

A full description of the catalytic oxidation process and the types of catalytic oxidation 

equipment available is given in the CWW BREF. 

 

Achieved environmental benefits 

Catalytic oxidation can achieve a high level of destruction of the VOC species present in the 

waste gas stream. 

 

Environmental performance and operational data 

 95–99 % destruction of VOCs, with residual VOCs (expressed as TOC) of 1–

20 mg/Nm
3
. 

 

[Note to TWG: Some examples or cross references could be made here to some of the 

illustrative processes.] 

 

Cross-media effects 

 The catalyst will require periodic regeneration or replacement. A range of different 

types of catalyst are available dependent on the specific application.  

 Any sulphur present in the waste gas will be oxidised to SO2, and halogens to hydrogen 

halide. Further treatment of the exhaust gas may be needed to abate these emissions. 

 If the VOCs have a high chlorine content, the catalytic oxidiser will need to be designed 

and operated in such a way as to prevent the formation of dioxins and furans. 

 Heat from catalytic oxidation can be used to generate steam and electricity to be used 

on site or off site. 

 

Technical consideration relevant to applicability 

These are similar to thermal oxidisers. The lower operating temperature allows the use of 

smaller oxidisers than thermal oxidisers, and produces lower NOX and CO emissions and 

generally requires the use of less support fuel. However, the waste gas may need pretreatment to 

remove components that could be poisonous to the catalyst or act as an inhibitor, e.g. 

particulates, some metals, phosphorous and halogens. 

 

Economics 

 Catalytic oxidisers are a significant part of the site infrastructure, with associated capital 

and operating costs. Further information is provided in the CWW BREF. 

 Catalytic oxidisers have higher investment costs than thermal oxidation. 

 

Driving force for implementation 

The reduction of VOC emissions to air from those LVOC processes with moderate to high VOC 

loadings, with only minor fluctuations in flow and load. 

 

Example plants 

Catalytic oxidisers are used in the following LVOC processes: 

 

[Note to TWG: Some examples or cross references could be made here to some of the 

illustrative processes.] 

 

Reference literature 

For further information on this technique, please refer to the CWW BREF. 

 
2.4.4.2.2 Condensation and cryogenic condensation 

 

Condensation is a technique that eliminates solvent vapours from a waste gas stream by 

reducing its temperature below its dew point. In LVOC, it is a recovery technique generally 
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applied close to the source of the emission as an initial treatment step. Further treatment of the 

waste gas stream is normally applied downstream. However, it can also be used as a post 

treatment for enriched gas streams arising from other treatment processes, e.g. waste water 

stripping or distillation. 

 

Description 

Condensation is carried out by means of either direct cooling (i.e. contact between the gas and 

cooling liquid) or indirect cooling (i.e. cooling via a heat exchanger). The choice of coolant will 

depend on the temperature that needs to be achieved.  

 

Technical description 

A full description of the different types of condensation systems available is given in the CWW 

BREF, ranging from the simplest water-cooled systems through to the use of refrigerants and 

closed cycle inert gas condensation systems. 

 

Achieved environmental benefits 

Condensation enables the recovery of raw materials and products. This in turn will reduce the 

size/capacity of subsequent downstream waste gas treatment equipment. 

 

Environmental performance and operational data 

 

[Note to TWG: Some examples or cross references could be made here to some of the 

illustrative processes.] 

 

Additional performance information can be found in the CWW BREF. 

 

Cross-media effects 

Indirect cooling is preferred because direct condensation results in an additional separation 

stage. Once-through cooling water systems can consume significant quantities of water. 

Refrigerated systems will have material and energy consumption. 

 

Technical consideration relevant to applicability 

Condensation is a compact and robust technology with high removal efficiency and the ability 

to recover VOCs for reuse. Simple cooling water systems are easily retrofitted. More complex 

refrigerant-based systems can be skid-mounted for retrofit or a new plant. Cryogenic 

condensation is not suitable for wet gas streams because of ice formation. 

 

Economics 

At its simplest, condensation is a low-cost technique that can often be installed locally to 

individual emission sources. There is also the potential benefit of product recovery. Further 

information is provided in the CWW BREF. 

 

Driving force for implementation 

The main driver for using condensation or cryogenic condensation is to pretreat or post-treat 

waste gas streams and, where practicable, recover materials for reuse. 

 

Example plants 

Condensation is used in the following LVOC processes: 

 

[Note to TWG: Some examples or cross references could be made here to some of the 

illustrative processes.] 

 

Reference literature 

For further information on this technique, please refer to the CWW BREF. 
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2.4.4.2.3 Techniques for the prevention, detection and control of diffuse VOC 
emissions 

 

Diffuse emissions are those that are not released via specific emission points. They are non-

channelled emissions. In LVOC production sites, diffuse VOC emissions can arise from: 

 

 areas: e.g. open storage areas or tanks, open pan filters, waste water treatment facilities; 

 point sources: e.g. process plant components operating under pressure, e.g. pipe flanges 

and valves; 

 diffuse emissions from point sources are referred to as fugitive emissions, thus fugitive 

emissions are a subset of diffuse emissions. 

 

Whilst diffuse emissions from an individual source will be very small; these small losses 

aggregated over an LVOC production site could be significant. They are of concern because 

some VOCs are extremely hazardous to health, they can be highly odorous and when dispersed 

in the environment can contribute to low level ozone formation, or in the higher atmosphere to 

ozone depletion and/or global warming. 

 

The CWW BREF presents an overview of diffuse emissions from the chemical industry as a 

whole and describes a number of techniques to prevent and/or reduce diffuse emissions of 

VOCs, specifically: 

 

 techniques related to the process and plant design; 

 installation and commissioning; 

 plant operation, in particular adopting an LDAR (Leak Detection and Repair) 

programme; 

 assessing the effectiveness of preventative and reduction measures; 

 indirect cooling. 

 

All of these are generally applicable to the LVOC sector, and are described in detail in the 

CWW BREF. They are therefore not repeated here. 

 

The techniques that are generally considered to have the potential for achieving a high level of 

environmental protection in the LVOC sector for the storage, transfer and handling of liquids 

and solids are those described in the EFS BREF. Again these are not repeated here. 

 
2.4.4.2.4 Thermal oxidation 

 

In LVOC production, thermal oxidation is an end-of-pipe technique for the abatement of VOCs. 

It is normally applied to a combined waste gas stream drawn from different parts of the same 

LVOC process or from a number of different LVOC processes. Ideally some of these vent 

streams will have already received some level of treatment to reduce the loading to the thermal 

oxidiser and recover materials for reuse, e.g. KO drums, condenser or absorber. A full 

description of the thermal oxidation process is given in the CWW BREF. A summary of this 

description and its applicability to LVOC is considered below. 

 

Description 

Thermal oxidation (often referred to as 'incineration', although the term 'incineration' should be 

limited to combustion of liquid and solid waste) is the oxidation of the VOC content of waste 

gases and/or odorants in a waste gas stream by heating a mixture of the contaminants with air or 

oxygen above its autoignition temperature in a combustion chamber for sufficient time to ensure 

complete combustion to carbon dioxide and water. 

 

Technical Description 

A full description of the thermal oxidation process and the types of thermal oxidation equipment 

available is given in the CWW BREF. 

 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 2 

SH/TS/EIPPCB/LVOC Draft 1 April 2014 49 

Achieved environmental benefits 

Thermal oxidation can achieve the almost complete destruction of VOC species present in the 

waste gas stream. Techniques to reduce VOC emissions to air from the process under normal 

operating conditions include: 

 

 combustion control: controlling the oxygen concentration and the temperature profile 

within the oxidiser – feedback control; 

 oxidiser design: sizing (e.g. residence time), design features (mixing); 

 oxidiser type: regenerative, once-through, etc. 

 

Environmental performance and operational data 

 98 % to > 99.9 % destruction of VOCs, with residual VOCs (expressed as TOC) of 1–

20 mg/Nm
3
. 

 See Error! Reference source not found. 

 See Error! Reference source not found. 

 

[Note to TWG: Some examples or cross references could be made here to some of the 

illustrative processes.] 

 

Cross-media effects 

 The VOC content of the waste gas stream should not normally be sufficient to support 

combustion without the use of a support fuel. The use of a support fuel will have a 

negative effect on the overall energy efficiency of the process. 

 Thermal oxidation will also generate emissions typical of combustion plants, i.e. CO 

and NOX. NOX emissions may require subsequent abatement, e.g. SNCR or SCR and 

the addition of ammonia. 

o The techniques that can be employed to reduce NOX emissions to air from the 

process under normal operating conditions include: 

 combustion control: where appropriate, controlling the excess oxygen 

concentration, and the temperature profile within the oxidiser.; 

 choice of oxidation technology: the use of catalytic oxidation could 

avoid the generation of thermal NOX, but is not suitable for vent gases 

rich in VOCs.  

 end-of-pipe abatement: techniques such as SCR (not used in VCM 

plants across EU) can be used to reduce NOX emissions.  

o Techniques to reduce CO emissions to air from the process under normal 

operating conditions include: 

 combustion control: operating conditions include operating with an 

excess of oxygen. 

 Any sulphur present in the waste gas will be oxidised to SO2, and halogens to hydrogen 

halide. Further treatment of the exhaust gas may be needed to abate these emissions. 

 If the VOCs have a high chlorine content, the thermal oxidiser will need to be designed 

and operated in such a way so as to prevent the formation of dioxins and furans. 

 The subsequent abatement processes used for exhaust gas treatment from the thermal 

oxidiser may produce liquid and/or solid wastes requiring further treatment or disposal. 

 Heat from thermal oxidation can be used to generate steam and electricity to be used on 

site or off site. 

 

Measures to reduce the cross-media effects can be found in the LCP, CWW and REF BREFs. 

The following table is not exhaustive. 
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Table 2.5: Techniques to reduce emissions from thermal oxidisers 

Measure group Optimisation measure Pollutant reduction 

Fuel type 

  

Low H2 content NOX 

Low sulphur content SOX 

Design/Condi 

  

  

  

Low residence time dioxins 

Rapid quenching dioxins 

> 750 ºC dioxins 

Mixing VOC 

Type 

  

catalytic dioxins, NOX 

thermal VOC 

Instr&Control 

  

  

Monitor O2 % excess in outlet CO, VOC, dioxins 

Monitoring VOC, dioxins, etc. 

Temp profile control VOC, NOX 

Burners 

  

  

Low-NOX burner NOX 

Flat Flame burner  

Turbulent burner  

 Post treatment 

  

  

wet gas scrubber sulphur, halogens 

adsorber dioxins 

SCR NOX SOX 

 Upstream treatment wet gas scrubber HCl, Cl2 

 

Technical consideration relevant to applicability 

Thermal oxidisers can be used to reduce emissions from almost all VOC sources, including 

reactor vents, distillation vents, solvent operations and operations carried out in ovens, dryers 

and kilns. They can handle minor fluctuations in flow and load, but large fluctuations may 

require the use of a flare. They are best suited to those processes with moderate to high VOC 

loadings where recovery of the VOCs is not possible. Low VOC loadings will result in high 

consumption of supplementary fuel. 

 

Economics 

 Thermal oxidisers are a significant part of the site infrastructure, with associated capital 

and operating costs. Further information is provided in the CWW BREF. 

 Boiler plants can be used for the thermal oxidation of VOCs if the temperature and 

residence time are in the correct range. This can be an attractive option when a suitable 

boiler plant is located on the same site. 

 

Driving force for implementation 

The reduction of VOC emissions to air from those LVOC processes with moderate to high VOC 

loadings, with only minor fluctuations in flow and load. 

 

Example plants 

Thermal oxidisers are used in the following LVOC production processes: EDC/VCM, TDI, 

MDI, FA. 

 

[Note to TWG: Some examples or cross references could be made here to some of the 

illustrative processes.] 

 

Reference literature 

For further information on this technique, please refer to the CWW BREF. 

 

2.4.4.3 Acid gases 
 

Techniques considered in this section are: 

 wet gas scrubbers,  

 amine treatment of acid gases (from process streams and from waste gas streams), 

 sorbent injection.  
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These are techniques which are commonly applied in the LVOC sector and examples of their 

application can be found in a number of the illustrative chapters. A more comprehensive list of 

techniques can be found in the CWW BREF. Where techniques are only used in one or two 

LVOC processes, their application is described in the relevant illustrative chapter. 

 

The techniques described to deal with H2S containing gas streams, e.g. process streams in lower 

olefin production and sour water stripping focus on its removal by amine scrubbing.  May not 

be applicable to processes with emissions are less than 1 t/d of sulphur compounds. The 

recovery of sulphur in sulphur recovery units (SRU) and regeneration of the amine liquid are 

described in the REF BREF. 

 

2.4.4.4 Wet gas scrubbers 
 

In LVOC production, wet scrubbing can be either a technique for the recovery of a chemical 

component from a waste gas stream; or an end-of-pipe abatement technique, e.g. to prevent or 

reduce emissions to air from process units (such as distillation columns). The most common 

application of wet scrubbers in LVOC production is for the removal of hydrogen halides, SO2, 

ammonia, hydrogen sulphide and some VOCs. Wet scrubbers can also remove some dust 

(although this is not their principal aim). A full description of wet scrubbing is given in the 

CWW BREF. A summary of this description and its applicability to LVOC is considered below. 

 

Description 

Wet scrubbing (or absorption) is the mass transfer of a soluble component of a waste gas stream 

from the waste gas stream to a solvent. The solvent used is often water, although alkali or acid 

scrubbers can be used where appropriate. Physical scrubbing is when the component is 

dissolved in the solvent, whereas chemical scrubbing is when the component reacts with a 

chemical present in the solvent. Physical scrubbing can be used for both material recovery and 

abatement, whereas chemical scrubbing is normally only used for abatement. In physico-

chemical scrubbing the chemical reaction is reversible so that the gaseous component can be 

recovered. 

 

Technical Description 

A full description of the wet scrubbing process and the types of wet scrubbing equipment 

available is given in the CWW BREF. 

 

Achieved environmental benefits 

The abatement efficiency of wet scrubbers is dependent on the residence time of the gas in the 

absorption section, the type of scrubber used, the liquid to gas ratio. If the scrubbing liquid is 

recirculated, the refresh rate of the water and the addition rate of any chemicals can also be 

important. 

 

Wet gas scrubbers are normally the first stage in the recovery of HCl. HCl is recovered from the 

spent scrubber liquor and purified so that it can be used as a raw material or product. In some 

cases, the purified HCl can be oxidised to produce chlorine by electrolysis. (See section 

6.4.1.3.1) 

 

Environmental performance and operational data 

 

[Note to TWG: Some examples or cross references could be made here to some of the 

illustrative processes.] 

 

 Emissions to air from scrubbers will also be fully saturated with water vapour. 

 

Additional performance information can be found in the CWW BREF. 

 

Cross-media effects 
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 Scrubbing generates a waste water stream, which will require further treatment. Effluent 

volumes can be minimised through recirculation, but this reduces the effectiveness of 

scrubbing. A forced bleed will be necessary to prevent the accumulation of salts or 

other contaminants. 

 Where the resulting scrubber liquor is treated to recover the absorbed component, the 

recovery process may generate emissions to air that may also need to be abated. 

 

Technical consideration relevant to applicability 

 Scrubbing is widely used in LVOC production. 

 Water scrubbers are typically used to remove solvents, hydrogen halides or ammonia, 

with the main aim being the recovery and reuse of these components. 

 Alkaline scrubbers are typically used to remove acid gases, such as hydrogen halides, 

sulphur dioxide and hydrogen sulphide. 

 In LVOC production, there are also a number of specific applications, e.g. ethanolamine 

solutions for recovering sulphidic species from cracked gases in the lower olefin 

process (see Chapter 4). 

 

[Note to TWG: Some examples or cross references could be made here to some of the 

illustrative processes.] 

 

Economics 

Wet scrubbers are relatively low-cost in comparison with some other techniques, e.g. thermal 

oxidation. They can often be installed locally to individual emission sources. There is also a 

potential benefit from physical scrubbers of product recovery. Further information is provided 

in the CWW BREF. 

 

Driving force for implementation 

 Raw material recovery from waste gas streams, e.g. hydrogen halides and water-soluble 

VOCs. 

 Abatement of inorganic compounds including acid gases. 

 

Example plants 

Wet scrubbers are used in the following LVOC processes: 

 

[Note to TWG: Some examples or cross references could be made here to some of the 

illustrative processes.] 

 

Reference literature 

For further information on this technique, please refer to the CWW BREF. 

 
2.4.4.4.1 Amine treatment of acid gases 

 

Amine treatment of acid gases is the first step in a 2-step process to recover sulphur from 

process gas stream such as the sulphurous gases are present in process streams in lower olefin 

production.  It is similar to wet gas scrubbing, but uses an amine absorption liquid instead of 

water or alkali.  The technique is described in full in the REF BREF, but is also found in LVOC 

processes. 

 

Amine scrubbing applied in this manner is not an abatement process, as it is removing an 

unwanted component (normally H2S) from a process stream.  However amine scrubbers can 

also be used for abatement, e.g. treating the off-gas from sour water stripping.  This is a 

technique used to pretreat some waste waters in a number of LVOC processes. 

 

The second stage of the sulphur recovery process is normally located within refineries, and so is 

not described here.  Most refineries have a sulphur recovery unit, where elemental sulphur is 

recovered from the amine liquid.  The amine liquid is regenerated for reuse. 
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One specific example of regenerative scrubbing is the SNOX process.  This is a technique that 

uses a three-stage technique that combines dust removal (ESP) with catalytic NOX removal and 

recovery of SOX as sulphuric acid. It is applicable for high flue-gas flow (e.g. > 800 000 Nm
3
/h) 

and when combined NOX and SOX abatements are required.   

 
2.4.4.4.2 Sorbent injection 

 

Acid gases are removed from some combustion flue-gases by direct injection of sorbent gases 

such as lime or sodium bicarbonate, along with activated carbon for the removal of dioxins and 

some metals. This is combined with a downstream bag filter to remove the sorbent material. 

Where appropriate, this technique is described in the LCP BREF. 

 

2.4.4.5 Dust / Particulate Matter 
 

The techniques/equipment listed below are fully described in the CWW BREF and, where 

appropriate, are considered generally applicable across the LVOC sector: 

 

 settling chamber/gravitational separator,  

 cyclones, 

 electrostatic precipitator, 

Electrostatic precipitators operate such that particles are charged and separated under 

the influence of an electrical field. Electrostatic precipitators are capable of operating 

over a wide range of conditions. Abatement efficiency may depend on number of fields, 

residence time (size), catalyst properties and upstream dust removal devices. ESP may 

be used in a dry mode or with ammonia injection to improve the dust collection 

 wet dust scrubber, 

In wet dust scrubbing process, simultaneous removal of solid and gaseous compounds 

may be achieved. The resulting liquid has to be treated by a waste water process and the 

insoluble matter is collected by sedimentation or filtration 

 fabric filter, 

Fabric filters can be fitted with mechanical shaking devices for the automatic removal 

and collection of filter cake. 

 ceramic and metal filter, 

 Third stage blow back filters (see REF BREF) 

Fabric, ceramic and metal filters can all be fitted with reverse jet mechanisms for the 

automatic removal and collection of filter cake. 

 catalytic filtration, 

 two-stage dust filter, 

 absolute filter, 

 high efficiency air filter (HEAF), 

 Mist filter. 

 Centrifugal washer 

Centrifugal washers combine the cyclone principle and an intensive contact with water, 

e.g. Venturi washer or wet cyclones. 

 

2.4.4.6 Combustion gases 
 

In LVOC installations, there are two types of combustion operations: 

 

 combustion to generate energy;  

 combustion to run a chemical reaction (such as EDC pyrolysis or lower olefin 

cracking). 

 

Emissions from combustion plants where the principal objective is the production of energy, 

e.g. as steam, heat, electricity or combined heat and power, are outside the scope of this 
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document. Full descriptions of all the emission control techniques that can be applied can be 

found in the LCP BREF. 

 

The LVOC BREF covers the second type of operations. The techniques that are applied in the 

generation/supply of energy to run this reaction can be found in this section. The techniques or 

measures to minimise the energy demand side (process integrated) can be found in the 

illustrative chapters.  

 

2.4.4.7 Primary measures on combustion-related emissions 
 

The techniques are similar to those applied in large combustion plants; however, there may be 

differences in applicability based on the specific requirements of the chemical process. Unless 

otherwise stated, all the technique descriptions (ten heading format) can be found in the REF 

BREF. 

 

Primary measures for NOX 

 Use of gas to replace liquid fuel: Increase the use of gas. Fuel type can have a direct 

and significant effect on NOX formation, particularly when H2 is a significant 

component. Consequently, the possibility of combining the process gases with other 

fuels may moderate any effect.  

 Low-NOX and ultra-low-NOX burners: ʻLow-NOXʼ burners have the potential to 

reduce NOX formation because of their ability to reduce both peak flame temperature 

and peak oxygen concentration through the use of the staged addition of either air or 

fuel. The effect is possibly enhanced by the recycling or entrainment of combustion 

gases in the case of ʻultra-low-NOXʼ burners – the possibility that the term ʻultra-low-

NOXʼ burners may not be applied consistently means that precise details of features will 

need to be described.  

 Optimisation of combustion air: The feed rate of combustion air relative to the fuel 

feed rate will affect the primary driving forces for NOX formation, i.e. temperature and 

oxygen concentration. In order to minimise NOX formation whilst avoiding the 

generation of CO, it is desirable to maintain an optimum excess oxygen level, which is 

generally accepted to be typically 1–3 % for gaseous and liquid fuels.  

 Flue-gas recirculation: Recirculating a portion of (cooled) flue-gas will have the effect 

of reducing the oxygen concentration in and around the flame, which will reduce the 

flame temperature and therefore the potential for NOX formation. Flue-gas recirculation 

can be an inherent feature of ultra-low-NOX burners (as discussed above), or it can be 

implemented as a distinct strategy that is not directly linked to ultra-low-NOX burners.  

 Minimising air preheat: Air preheat is employed as a means of improving the energy 

efficiency of a process. However, preheating combustion air increases the flame 

temperature and therefore the concentration of NOX in the combustion gases, although 

the consequent reduction in the resulting fuel consumption rate could have a mitigating 

effect on the overall mass emission rate of NOX.  

 Staged combustion: Air and fuel staging: Air staging – involves substoichiometric 

firing and the addition of the remaining air or oxygen to the furnace to complete 

combustion. Fuel staging – a low impulse primary flame is developed in the port neck; a 

secondary flame covers the root of the primary flame reducing its core temperature. 

Fuel staging for mixed or liquid firing may require a specific burner design. 

 Diluents injection: Inert diluents e.g. flue-gas, steam, water, nitrogen, added to 

combustion equipment to reduce the flame temperature and consequently the 

concentration of NOx in the flue-gases..  generally applicable for gas turbines where 

appropriate diluents are available. 

 

Primary measures for dust 

 steam atomisation for liquid fuel, inert diluents, e.g. flue-gas, steam, water, nitrogen, 

added to combustion equipment reduce the flame temperature and consequently the 

concentration of NOX in the flue-gases 

 Optimisation of combustion air 
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Primary measures for CO 

 The primary technique that can be employed to reduce CO emissions is to have 

effective (feedback) combustion air control. This affects the emissions of NOX and 

VOCs as well - although measures to reduce CO emissions will also reduce VOC 

emissions, it could have the effect of increasing NOX emissions (due to increased 

oxygen levels).  

 

Primary measures for SOX 

 The primary technique that can be employed to prevent or reduce SOx emissions is to 

limit the sulphur content of the fuel. Gaseous fuels are generally low sulphur fuels. 

 
2.4.4.7.1 Secondary measures on combustion-related emissions 

 

Secondary measures to reduce NOX emissions include: 

 

 selective non-catalytic reduction (SNCR), SNCR is a non-catalytic process for 

removing nitrogen oxides from combustion flue-gases by has phase reaction with 

ammonia or urea at high temperatures (850–1 100 °C).  Reductions of 25% to 75% can 

be achieved, giving values of less than 200 mg/m
3
. Wet scrubbers can be used 

downstream of SNCR to remove ammonia slip and so enable the deliberate overdosing 

of ammonia into the SNCR system.  The ammonia recovered in the scrubber can be 

recycled to the SNCR unit. 

 selective catalytic reduction (SCR), also known as catalytic DeNOX. The 

ammonia/urea vapour is mixed with the flue-gas through an injection grid before being 

passed through a catalyst to complete the reaction. Various catalyst formulations are 

available for different temperature ranges: zeolites for 300–500 °C, traditional base 

metals employed between 200 °C –400 °C, and metals and activated carbon for the 

lowest temperature applications 150 °C–300 °C. SCR is especially suitable for 

situations where emission standards are strict. With SCR, removal efficiencies of 80 % 

to 95 % can be achieved generally for inlet concentration over 200 mg/Nm
3
. Residual 

NOX stack levels of 10–20 mg/Nm
3
 can be achieved by application of SCR in gas fired 

boilers and furnaces. When firing heavy residues, emissions of <100 mg/Nm
3
. 

 low temperature oxidation, the injects ozone into a flue-gas stream at optimal 

temperatures below 150 ºC, to oxidise insoluble NO and NO2 to highly soluble N2O5. 

The N2O5 is removed in a wet scrubber by forming dilute nitric acid waste water that 

can be used in plant processes or neutralised for release and may need additional 

nitrogen removal 

 

Note: it is important to take account of emissions to air of ammonia from the application of both 

SCR and SNCR.  The dosing of ammonia or urea should be optimised for achieving effective 

NOX reduction without excessive ammonia slip; emissions of ammonia from these units 

typically achieved are in the range 5 to 15 mg/Nm
3
. 

 

Secondary measures for dust emissions include: 

 

 electrostatic precipitator (ESP), 

 wet scrubbing 

 Centrifugal washers 

 cyclones, 

 filtration. 

 

Secondary measures for SOX emissions include: 

 wet gas scrubbing 

 sorption injection (dry scrubbing)  
The applicability of the technique may be limited by the availability of significant space.  
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More information can be found on all these techniques in the REF BREF, Sections 4.10 and 

4,23. 

 
2.4.4.7.2 Combustion of coke from decoking operations 

 

The internal walls of the cracker tubes gradually become coated with coke during the cracking 

process. In order to maintain cracker throughput and heat transfer, this coke must be 

periodically removed. The normal removal process used is to displace and/or burn out the coke 

by heating the tubes to a high temperature whilst passing a mixture of steam and air through 

them. The duration and frequency of these decoking operations varies significantly between 

crackers, as it depends on a range of operating factors.  

 

The decoking process requires higher furnace temperatures and a lower firing rate than normal 

operating conditions and may be accompanied by higher excess oxygen concentrations. 

Emissions from a steam cracker during the decoking process will differ from those when the 

furnace is in cracking mode. 

 

The mixture of steam and air from decoking the cracker tubes will contain both dust and carbon 

monoxide. This can either be routed to another cracker furnace firebox or passed through an 

abatement device, which may be shared with one or more other crackers. The impact of 

decoking will therefore be either a change in the emissions to air from one of the other cracker 

furnaces or an emission to air from the abatement device. 

 

[Note to TWG: The LVOC team have given consideration to whether decoking operations 

should be considered 'other than normal operating conditions'. The LVOC team have considered 

3 scenarios: 

1. That decoking is part of the normal operating cycle of cracker plants and that the 

entirety of the decoking operation is therefore part of normal operation. 

2. That decoking is totally outside of normal operation and should therefore be considered 

an 'other than normal operating condition'. 

3. That the decoking of an individual cracker is an 'other than normal operation'; but that 

the burning of the coke in the firebox of another cracker is part of normal operation. 

The LVOC team have concluded that because the second cracker continues to be part of 

production, scenario 3 should be applied. However, the LVOC team invites TWG members to 

comment further on this matter. The current draft of the LVOC BREF is written on this basis.] 

 

Emissions from crackers during the decoking process are discussed in the chapter on 'other than 

normal operating conditions'. (Insert cross reference) 

 

The combustion of coke in the firebox of an adjacent cracker is confined to the operation of 

lower olefin plants and is therefore discussed in Chapter 4. 

 

2.4.4.8 Materials recovery from waste gas streams 
 
2.4.4.8.1 Recovery and reuse of hydrogen 

 

The recovery and purification of hydrogen for use either as a fuel or as a product is described in 

the REF BREF and so is not repeated here. This technique has some applicability in LVOC 

production, in aromatics production, in the co-production of SM and PO, and in H2O2 

production and in lower olefin production. 

 

 Excess hydrogen from hydrogenation reactions can be recycled to the feed to maximise 

the efficiency of its use. 

 Another option to recover and purify hydrogen from process streams and from waste 

gas streams is to use the adsorption technique i.e. pressure swing adsorption (PSA).  

This can be applied to hydrogen rich streams not necessarily resulting from 

hydrogenation reactions.  Full details of this technique can be found in the REF BREF. 
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Description 

Build and operate a system (piping, compressors, etc.) to enable the reuse of hydrogen-rich 

streams in the feed of hydrogenation reactions. 

 

Technical description 

In H2O2 plants, this is a normal design feature for the hydrogenation reaction. A recycle 

compressor is required. E.g. in phenol plants, where the fresh AMS/cumene feed is mixed with 

reactor effluent (that has been recycled) and hydrogen, this can be applied either in a one or 

two-step reaction. The reactor normally operates at moderate pressure with palladium catalyst. 

A recycle compressor might be required.  

 

Achieved environmental benefits 

In H2O2 plants, this results in reduced emissions of VOCs to air (from this source or the end-of-

pipe device). In phenol plants, lower VOC emissions to air are achieved by sending a smaller 

workload for the final separator (flash/other that splits off-gas from cumene). 

 

Environmental performance and operational data 

In H2O2 plants, the emission values depend on the plant throughput and on many design and 

operating factors, which leads to a high variability. Table 15.9 shows the emission values of 

these streams. 

 

Cross-media effects 

This may lead to increased energy consumption. In phenol plants, this is due to both the 

recycling compressor and the cooler. Higher capital investment costs. 

 

Technical consideration relevant to applicability 

It is generally applicable to hydrogenation reactor off-gas.  New installations – in phenol plants, 

it is fully applicable to all types of AMS hydrogenation units. 

 

Economics 

Lower raw material costs due to lower hydrogen consumption. 

 

Driving force for implementation 

Lower feedstock cost. 

 

Example plants 

Hydrogenation reactions normally operate in hydrogen molar ratio excess generating a flue-gas 

from the reaction outlet that is rich in H2. The majority of H2O2 installations use this technique. 

More than 50 % of phenol installations in the EU have reported using this technique in the 

BREF review data collection exercise. 

 

Reference literature 

Ullmann's Encyclopedia of Industrial Chemistry. 

 
2.4.4.8.2 Recovery and reuse of gaseous hydrocarbons 

 

An example of gas recompression to recover feedstock can be found in Chapter 7 on ethylene 

oxide and glycols. It involves the recycling of light ends. The light overheads mentioned can be 

collected and returned to the oxidation reactor loop after recompression. This will involve the 

recycling of non-condensables, but the features built into the management of the recirculation 

loop should be able to deal with this. The energy involved in recompression is not anticipated to 

be high. 

 
2.4.4.8.3 Recovery and reuse of spent air 

 

Description 

Recovery and reuse of spent air from oxidation reactions. 
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Technical description 

In oxidation reactions using air, oxygen is consumed and, once the VOCs have been removed 

using an appropriate abatement technique (insert cross reference), this results in a nitrogen-rich 

stream that can be further purified and used. 

 

Achieved environmental benefits 

This stream will have a lower load to air and the nitrogen usage of the manufacturing plant will 

be reduced. 

 

Environmental performance and operational data  

 

[Note to TWG: Some examples or cross references could be made here to some of the 

illustrative processes.] 

 

Cross-media effects 

The key issue is process safety. Any residual oxygen must not be allowed to enter into the 

nitrogen header system for the site. Continuous monitoring and process trips are required. 

Quality may also be a concern, e.g. nitrogen of lower purity cannot be used in finished product 

tanks. 

 

Technical considerations relevant to applicability 

It is generally applicable to those production units (such as distillation columns) that are able to 

use lower purity nitrogen.  The drawback is that some plants will need to invest in safety 

systems to ensure low oxygen content. 

 

Economics 

Payback time may be too long. The safety requirements to operate such a system may have 

higher investment costs than the normal nitrogen operation. 

Driving force for implementation 

Marginal reduction in operational cost. 

 

Example plants 

Various across the EU. 

 

Reference literature  

Kirk-Othmer Encyclopedia of Chemical Technology: phenols. 

 

2.4.5 Techniques to reduce emissions to water 
 

Emissions of water from LVOC production sites can include some or all of the following 

substances: 

 

 Volatile organic compounds (VOCs); 

 inorganic compounds, e.g. hydrogen halides, hydrogen sulphide, sulphur dioxide, 

nitrogen oxides, ammonia and carbon monoxide; 

 suspended solids; 

 salts. 

 

At LVOC production sites, it is commonplace for there to be a central waste water treatment 

plant (WWTP) receiving waste water from all the processes operating at the site. Operators 

should adopt an integrated waste water management and treatment strategy by using an 

appropriate combination of techniques based on the specific requirements of the chemical sites. 
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Table 2.6: Holistic approach to waste water management at chemical sites 

Technique Description Remarks 

Process-integrated techniques 
Techniques that reduce the 

generation of water pollutants 
Where relevant, this is within the 

scope of the LVOC BREF 

 Recovery of pollutants at source 

Techniques to abate or recover 

pollutants prior to their discharge 

to the waste water collection 

system 

Waste water pretreatment  

Techniques to abate pollutants 

before the final waste water 

treatment. Pretreatment can be 

carried out at source or in 

combined streams. 

Where relevant, this is within the 

scope of either the LVOC or 

CWW BREFs. 

Final waste water treatment 

Final waste water treatment by 

mechanical, physico-chemical, 

biological and/or advanced 

techniques before discharge to 

receiving waters  

These techniques are described 

in the CWW BREF and so are 

not repeated here 

 

The applicability of the techniques depends on the specific requirements of the chemicals site, 

and should take account of factors such as: 

 

• overall energy efficiency;  

• minimisation of environmental cross-media effects (e.g. excessive sludge production);  

• cost-efficiency. 

 

It may be necessary to balance the flow and/or pollution loads or concentrations using 

equalisation tanks. There may also be a need for storage or buffer capacity. 

 

The main part of the WWTP is normally the aerobic biologically activated sludge process, 

although other types of aerobic treatment process such as membrane bioreactors can also be 

used. The type of plant and the level of treatment given will be dependent on the pollutants 

present and the load in the incoming waste water and whether the discharge is to a water course 

or to a sewer. This process is described in detail in the CWW BREF and is not repeated here. 

 

The techniques listed below are described in full in the CWW BREF and, where appropriate, are 

considered generally applicable across the LVOC sector: 

  

 selection of waste water control system; 

 connection to a central waste water treatment plant outside the chemical site; 

 selection of collection system; 

 selection of waste water collection and segregation system.  

 

2.4.5.1 Selection of waste water collection and segregation system 
 

Dedicated and closed system for collection of emissions 

 

For some effluent streams it will be more effective to keep streams segregated in a dedicated 

and closed system so that specific pretreatments can be applied. 

 In EDC plants, a dedicated drainpipe is generally used for HCl purges before water 

absorption or neutralisation. It is best practice to recover in a dedicated liquid header the 

drain from reboilers, pumps, filters or sampling points. The recovered HCl will then be 

either returned to the process or sent to an HCl recovery unit.  

 In aromatic plants, some units include a dedicated benzene drain system in order to 

enable the recovery of benzene when generating benzene-rich emissions (sample taking, 

emptying devices or equipment for maintenance, etc.) This is the use of closed piping 

systems for draining and venting hydrocarbon-containing equipment prior to 

maintenance, particularly when containing more than 1 wt % benzene or more than 25 
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wt % aromatics. Ideally, permanent piping is used to minimise the risk of exposure 

during the breaking of containment. 

 

2.4.5.2 Process-integrated prevention techniques 
 

The techniques listed below will prevent or reduce pollutant loads at source, and are fully 

described in the CWW BREF and, where appropriate, are considered generally applicable 

across the LVOC sector. 

 

 Counter-current extraction 

 Counter-current product washing 

 Indirect cooling with vapour phases: 

o In LVOC, heat exchangers should be used in preference to open cooling towers. 

(See EO&G) 

 Reactive extraction 

 Substance recovery from mother liquors and substance retention through optimised 

processes 

 Use of low contamination raw materials and auxiliaries 

 
2.4.5.2.1 Water minimisation 

 

Techniques that reduce water consumption will normally be beneficial for reducing emissions to 

water. These techniques are described in section 2.4.8 of this document.  The reduced waste 

water flow will normally also result in reduced pollutant load. Although the pollutant 

concentration may increase, this may open up opportunities for materials recovery. Overall, it 

should result in a requirement for a smaller final waste water treatment plant. 

 

2.4.5.3 Waste water pretreatment techniques 
 

This section seeks to elaborate further, where appropriate, on those techniques commonly 

applied across the LVOC sector for the pretreatment of waste water prior to entering the central 

WWTP. Further elaboration may also be found in the illustrative chapters of this document, 

where there are specific examples of the application of some of these techniques. 

 

The techniques listed below are described in full in the CWW BREF and, where appropriate, are 

considered generally applicable across the LVOC sector: 

 

 adsorption, 

 chemical oxidation,  

 chemical hydrolysis, 

 chemical precipitation,  

 chemical reduction,  

 coagulation and flocculation,  

 crystallisation,  

 distillation/rectification , 

 electrocoagulation, 

 electrodialysis, 

 electrolysis, 

 evaporation,  

 extraction,  

 filtration,  

 flotation,  

 grit separation of solids , 

 hydrocyclone,  

 ion exchange,  

 microfiltration and ultrafiltration,  



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 2 

SH/TS/EIPPCB/LVOC Draft 1 April 2014 61 

 nanofiltration (NF) and reverse osmosis (RO) , 

 oil-water separation,  

 pertraction, 

 pervaporation,  

 phase separation (e.g. decanters), 

 sedimentation of solids, 

 stripping,  

 waste water incineration, 

 wet air oxidation, 

 wet oxidation with hydrogen peroxide. 

 

Further information on some of the techniques listed above is set out below.  

 
2.4.5.3.1 Chemical oxidation  

 

Chemical oxidation as a pretreatment technique is described in the CWW BREF. Further 

information on this technique is given below. 

 

Description 

Chemical oxidation is a technique for the pretreatment of waste water with contaminants that 

have very low biodegradability. The contaminants are reacted with a chemical oxidising agent 

so that they are more amenable to treatment in the downstream biological waste water treatment 

plant. This oxidation is performed very efficiently at moderate pressures and temperatures (1–

1.5 barg and 110–130 ºC) 

 

Technical description 

The OHP® technology is based on an Advanced Oxidation Process (AOP), where hydroxyl 

radicals are generated from hydrogen peroxide catalysed with a metallic salt in a water phase. 

These radicals are the oxidants that will mineralise or partially oxidise organic compounds in 

the effluent. 

 

Fe2+ + H2O2 -> Fe3+ + ·OH + OH– 

 

The process diagram of advanced chemical oxidation can be described as follows: 

homogenisation and pH adjustment, addition of H2O2 and catalyst, reaction, neutralisation and 

precipitation of metallic compounds and filtration (solid separation). 

 

 

Figure 2.1: Block flow diagram of a chemical oxidation system 
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Achieved environmental benefits 

This process can be used as a waste water pretreatment unit to increase the biodegradability of 

the effluents, therefore facilitating the biological oxidation thereafter in a biological treatment 

plant such as an MBR. This increase in biodegradability after the process occurs because 

chemical oxidation degrades and breaks down those compounds with a higher molecular 

weight. 

 

Environmental performance and operational data 

One particular example of this application is the increase in the biodegradability of the waste 

water from the isocyanates (MDI or TDI) manufacturing process' residual water. This waste 

water has low biodegradability mainly due to the presence of a number of toxic compounds that 

inhibit the biological decomposition of the effluent. 

 

A low dosage of reagent makes it possible to increase the biodegradability by 600 %, herewith 

expressed as the DBO–DQO ratio (see Table 6.17). 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

This process is applicable to recalcitrant waste water streams with low biodegradability. 

 

Economics 

In this case, the increase in biodegradability is obtained with a very low operational cost (below 

€ 3 /m
3
) 

 

Driving force for implementation 

Improved performance of biological treatment plant, reduced emissions of persistent organic 

chemicals to the environment. 

 

Example plants: 

These data were obtained through several tests with FMC Foret’s OHP® pilot waste water 

treatment plant from an isocyanate manufacturer in Germany. This increase in biodegradability 

is explained by the specific destruction of the toxic nitroaromatic compounds (shown in the 

table). By eliminating the toxicity in the waste water, the overall biodegradability increases 

significantly. 

 

Reference literature 

FMC Foret technical bulletin. 

 
2.4.5.3.2 Pertraction 

 

Description 

Pertraction is a technique used to remove organic substances such as aromatics or chlorinated 

hydrocarbons from process or waste water flows by absorption into an organic extraction agent 

or extractant. Membranes form the interface between the waste water and the extractant. 

Contrary to the conventional extraction technique, the extractant is not added directly to the 

waste water, which offers important advantages. 

 

Reference literature 

Ref plant MDI. 

 
2.4.5.3.3 Phase separation (e.g. decanters) 

 

Description 

The physical separation of two immiscible liquid phases, usually an organic phase and an 

aqueous phase by density difference. 
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Technical description 

Normally some form of gravity separator with either a facility for an overflow of the light phase 

or an underflow/drain of the heavier phase or both. Sufficient residence time should be allowed 

to enable phase separation. An interphase level indicator or detector is normally required. 

 

Achieved environmental benefits 

The recovery of organic phases for reuse, and a reduction in the organic content of the waste 

water in the inlet to the waste water treatment plant. 

 

Environmental performance and operational data 

A reduction in the organic load of the aqueous phase to the downstream waste water treatment 

plant. 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Generally applicable to two-phase waste water streams (i.e. those can contain an organic phase 

and a water phase). 

 

Economics 

 

Driving force for implementation 

 

Example plants 

In phenol plants and H2O2 plants, the adsorber recovery stream generates a condensate that 

contains both water from condensed steam and the recovered organic solvent, which require 

separation. 

 

2.4.5.4 Sour water stripping 
 

In addition to the above, the technique of sour water stripping is fully described in the REF 

BREF and, where appropriate, is considered generally applicable across the LVOC sector. 

 
2.4.5.4.1 Final waste water treatment techniques 

 

The techniques listed below are described in full in the CWW BREF and, where appropriate, are 

considered generally applicable across the LVOC sector: 

 

 anaerobic treatment, 

 biological removal of sulphur compounds/heavy metals, 

 aerobic treatment, 

 removal of nitrogen by biological nitrification/denitrification, 

 removal of phosphorous by biological treatment, 

 removal of phosphorous by chemical precipitation, 

 rainwater and firefighting water collection and treatment, 

 retention ponds, 

 sand filters. 

 

Most of the above plants operate most effectively at reasonably constant conditions, in 

particular, flow, pollutant load, and pH.  To buffer the final waste water treatment against 

fluctuations from the process, equalisation tanks (with pH adjustment) are normally installed. 

 

No further elaboration of these techniques is given in this document. 

 

2.4.6 Techniques to reduce raw material consumption 
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2.4.6.1 Process chemistry/route 
 

Choosing the process or process route that maximises the overall conversion of raw materials 

and energy into the desired product is typically the process with the lowest overall 

environmental impact.  

 

Fixed bed reactor 

 A fixed bed (e.g. with catalyst support bed) will normally generate lower emissions to 

air of dust and will enhance catalyst life (lower spent catalyst). 

 Important for new plants and major refurbishments. How reflected in Chapters 4 to 16 – 

part of CWW BREF. 

 

2.4.6.2 Process optimisation measures 
 

This is a group of process-related decisions (design and operational) that will lead to lower  

emissions and waste from the process, and thus less load to be addressed by the recovery and 

treatment systems downstream of the reaction section: 

 

 process design, 

 minimisation of residue / oligomer formation in distillation systems 

A group of distillation (design and operation) strategies that avoid high temperature and 

hold-up: 

o Packing vs trays to reduce pressure drop and thus high temperature; 

o Vacuum vs atmospheric operation to reduce temperature 

o Addition of inhibitors 

 improving reactor efficiency (see the previous CWW BREF), 

 application of industry codes, 

 computerised control, 

 advanced/improved process control, 

 solvent selection (when used), 

 optimisation/maintenance of vacuum pumps. 

 

[Request to TWG: Views are requested on whether process intensification should be included 

here, or as an emerging technique or not included at all.] 

 
2.4.6.2.1 Addition of inhibitors 

 

Selection (and optimisation of dosage) of a polymerisation inhibitor or retarder will reduce the 

losses of product to gum (or tar) waste generation. 

 

However, these additives alter the composition of a by-product/residue that the operator will 

burn to recover energy. It may increase nitrogen or sulphur compounds, increasing NOX, SOX, 

etc.  Inhibiter dosage should be optimised to limit any negative impacts on the use of tar as a 

fuel in combustion processes.  E.g. Sulphur was used extensively as a polymerisation 

inhibitor/retarder. It is effective but the residue leaving the distillation train is contaminated with 

sulphur and is not environmentally acceptable as fuel. Newer inhibitors, mostly nitrogen-

containing organic compounds such as dinitrophenol and dinitrocresol, have been developed to 

replace sulphur. 

 

Optimise inhibitor dosage: 

 

Determine the criteria to optimise inhibitor dosing: more doses will reduce gum or oligomer 

formation but can also lead to high sulphur content in a stream that could be used as a fuel 

substitute. 

 
2.4.6.2.2 Selection of adsorption media 
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Clay material selection 

Materials with different surface and/or structural properties that would impact on the cycle 

length. In each case, it is in the operational and environmental interests of each aromatic 

producer to use a clay that lasts as long as possible for its given conditions. One technique that 

has been proposed recently to replace clay treaters is the use of a synthetic solid that has the 

same function as the clay but that can be regenerated (Olgone process). See Chapter 8. 

 

Filtration system design 

Group of measures to optimise filter performance and filter life: e.g. research and selection of 

filter alternatives, preparation techniques (such as passivation) and operational management 

(setting performance thresholds, regeneration techniques, etc.) 

 

2.4.6.3 Catalyst selection and optimisation 
 

2.4.6.4 Catalyst selection 
 

Catalyst selection is determined by feedstock, depending on the required activity and the level 

and type of poisons expected and as the choice of metals. In catalyst systems, optimisations can 

be done at particle size determination, preparation and start-up procedures. 

 

Catalyst selection should take into account the following factors: 

 the chemical make-up and its physical characteristics to maximise the effectiveness and 

operating life of the chosen catalyst system; 

 the use of high activity forms of the catalyst; 

 the elimination or reduction of by-product formation; 

 the vulnerability of catalysts to poisons that may be present in the feed; 

 the use of noble metal (e.g. silver, platinum) catalysts instead of heavy metal catalysts 

to eliminate or reduce emissions or wastes contaminated with heavy metals 

 

Correct catalyst selection will normally result in lower emissions to air and reduced spent 

catalyst waste for regeneration or disposal.  This is important in many of the illustrative 

chapters, e.g. Aromatics, Chapter 8. 

 
2.4.6.4.1 Catalyst degradation avoidance 

 

Description 

Catalyst wear reduction – a group of measures taken upstream of the use of the catalyst to 

reduce those impurities in the feed that will increase the rate of catalyst degradation. 

 

Technical description 

There are at least three types of measures that reduce spent catalyst generation. 

 

a) Feed pretreatments to reduce impurities: such as sulphur, carbonyls, chloride, water, 

sulphuric compounds. Anti-corrosion treatment can be done upstream to avoid 

corrosion products acting as a ʻcatalystʼ to polymerisation reactions in the reactor. First 

stage hydrogenation and removal of heavy fraction, as well as C5s, can reduce the 

amount of fouling-forming compounds in the feed.  

b) Feed purification: the two distillation columns' correct configuration upstream of the 

first stage hydrogenation can hugely reduce the possibility of water, gums and O2 

formation.  

c) Lower operating temperatures to avoid oligomer or gum formation.  

d) Other means: decanter and filters for first protection from water, gums and suspended 

solids from storage. Maximise the hydrogenated recycle to the first stage. Removal of 

water in the decanter from the depentaniser upstream of the reactor 

 

Achieved environmental benefits 

Minimise the generation of spent catalyst waste. 
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Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Generally applicable in reaction systems that have a fixed bed (i.e. catalyst contained in between 

support layers). 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

Ref: aromatics illustrated chapter 

 
2.4.6.4.2 Process optimisation 

 

Control of reactor conditions, e.g. temperature, pressure etc., to ensure the optimal balance 

between conversion and catalyst life.  Catalyst performance should be closely monitoring to 

detect the onset of catalyst decay. 

 

2.4.6.5 Use of mercury based catalysts 
 

A number of LVOC production routes can involve the use of mercury-based catalysts, including 

the following. 

 

 VCM (vinyl chloride monomer) production using mercury-dichloride (HgCl2) catalyst: 

Mercuric chloride on a carbon carrier is used as a catalyst for the production of VCM 

from acetylene. This production route is almost obsolete in Europe and is mainly used 

in China and Russia. In 2009, only 2 % of EU PVC production derived from the 

acetylene process; all of this from a single plant in the Slovak Republic (Novacke 

Chemicke Zavody AS). This plant can also produce VCM from ethylene but has the 

flexibility to produce some 25 % of its VCM production from acetylene via low quality 

(off-specification) calcium carbide. Most of the EU installations have been using 

mercury-free catalyst systems for several years.  

 Acetaldehyde production using mercury-sulphate (HgSO4) catalyst: mercury-sulphate 

can be used to catalyse the production of acetaldehyde although this production route is 

no longer used in Europe or the USA. It is from such a production facility in Minamata 

Bay, Japan that an infamous mercury pollution tragedy occurred in the 1950s–1960s. 

For these production routes, there are viable alternatives to the used of mercury-based 

catalysts. Acetaldehyde global production, in 2003, was about 106 t/year and  is 

produced as follows: 

a) the oxidation of ethylene or C3/C4 alkanes, Wacker process oxidation of 

ethylene is performed in aqueous solution with homogeneous catalysis with Cu 

or Pd chlorides. The one-step process leads to chlorinated by-products 

(chloroacetaldehyde) that are easily degraded/hydrolysed by biological 

treatment. The two-step process leads to considerable concentrations of non-

degradable chlorinated substances, which can be effectively pretreated by 

hydrolysis. 

b)  at smaller levels by oxidative dehydrogenation of ethanol. 

c)  Alternatively, hydration of acetylene, catalysed by mercury salts gives ethanol, 

which tautomerises to acetaldehyde. This industrial route was dominant prior to 

the Wacker process. 
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 Alcoholates (e.g. methylate): Sodium methylate is used for the production of FAME 

(biodiesel) inside the scope of this document, mentioned in the thumbnail descriptions. 

Reference plant: Envirocat in France. 

 Polyurethane production: Many different types of catalysts are used in polyurethane 

(PU) production, the most common groups being tertiary amine-based and 

organometallic compounds (e.g. Bi, Hg, Zn, Sn, Ti). Elastomers (polymers with the 

elastic properties of rubber) are still widely produced using a mercury-based catalyst. 

Mercury carboxylates (e.g. phenylmercuric neodeconate) are particularly effective and 

the preferred choice for certain applications thanks to their high selectivity towards the 

polyol-isocyanate reaction and the favourable curing characteristics they lend to the 

adhesive. The polymerisation process is downstream of the production of the TDI or 

MDI monomer and is outside the scope of the LVOC BREF. This use of mercury 

catalysts is therefore not considered further in this BREF as the above reactions 

typically occur in situ during fabrication activities, rather than in installations for the 

production of chemicals.  

 

Source: UNEP. Toolkit for Identification and Quantification of Mercury Releases;  

Reference Report and Guideline for Inventory Level 2 (Version 1.2, April 2013) 

 

2.4.6.6 Storage 
 

The techniques generally considered to have the potential for achieving a high level of 

environmental protection in the LVOC sector for the storage, transfer and handling of liquids 

and solids are those described in the EFS BREF. 

 

An internal floating roof tank (IFRT) has both a permanent fixed roof and a floating roof (or 

deck) inside. The deck in an IFRT rises and falls with the liquid level and either floats directly 

on the liquid surface (contact deck) or rests on pontoons several centimetres above the liquid 

surface (non-contact deck). Conversion of fixed roof tanks to internal floating roof and seals to 

minimise evaporation of the product being stored. The control efficiency of this method ranges 

from 60 to 99 %, depending on the type of roof and seals installed and the true vapour pressure 

of the liquid stored. Emissions from storage tend to be at high concentrations (e.g. at the 

saturated vapour pressure), but very low in volume, resulting a low mass release. 

 

Vapour recovery units (VRUs) are units designed for the reduction of volatile organic 

compounds (VOC) emissions during loading and unloading operations.  VRUs use 

condensation (see 2.4.4.1.3), wet gas scrubbing (see 2.4.4.2.1), adsorption (see 2.4.4.1.1), 

membrane separation or a combination of these techniques. Membrane separation is described 

in the REF BREF, it is where the emission is passed through a membrane, this results in a more 

concentrated gas stream, which can then be recovered.  These techniques are generally 

applicable to loading/unloading operations where the annual throughput of volatile liquid 

hydrocarbons is > 5 000 m
3
/yr. Not applicable to loading/unloading operations for seagoing 

vessels with an annual throughput of < 1 million m
3
/yr. 

 

Emissions from the various systems are directly related to the abatement efficiency and are in 

the range 0-10 g/Nm
3
 (source REF BREF).  With an abatement efficiency of 99.9%, 

concentrations of 150 mg/Nm
3
 are possible although the mass release will be low.  Further 

information can be found in the REF BREF. 

 

2.4.7 Techniques to reduce energy consumption 
 

2.4.7.1 Generic techniques on energy efficiency 
 

The efficient use of energy is one of the principal cost factors for the LVOC sector. The use of 

fossil fuels for energy generation is also one of the key factors affecting the sustainability of the 

sector. Most LVOC production sites generate a significant part of their own demand for heat 

and electrical power. However, the combustion of fossil fuels for heat and electricity at LVOC 

http://www.unep.org/hazardoussubstances/Portals/9/Mercury/A_Inventories/UNEP-Hg-Toolkit-IGuideline%20&%20Reference-Report-23April.pdf
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sites is not part of the scope of this document. These issues are described in the BREF on Large 

Combustion Plants (LCP BREF) and in the REF BREF. 

 

Energy management of LVOC production sites needs to be considered on a site-wide basis. 

Techniques to consider in order to minimise energy consumption are set out in the CWW BREF 

and REF BREF and include: 

 

 use of combined heat and power (CHP), 

Co-production of electricity and steam for use in the process; 

 use of combined cycle gas turbine, 

A technique to generate electricity at higher efficiency than conventional steam boilers; 

 heat integration, 

A group of techniques to maximise the use of excess heat from a process or processes in 

other parts of the process or processes where heat input is required; 

 application of pinch technology, 

A structured design methodology for optimising the overall level of heat integration that 

can be achieved on a site wide basis; 

 energetically coupled distillation, 

If distillation is carried out in two steps (two columns), energy flows in both columns 

can be coupled. The steam from the top of the first column is fed to a heat exchanger at 

the base of the second column. Steam usage is reduced by about 50 %; 

 recovery of energy from waste gas streams, 

 recovery of exothermic heat through the generation of low pressure steam, 

Use of energy recovery devices, e.g. waste heat boiler, to provide heat to e.g. space 

heating or district heating. 

 

Some of the techniques used in refineries and described in the REF BREF can also be applied to 

LVOC. These include: 

 

 design techniques on heat integration/recovery; 

 process optimisation, control and maintenance techniques; 

 management and reduction of steam consumption; 

 Energy benchmarking 

 

These techniques have not been repeated in the LVOC BREF although in some cases further 

elaboration is contained either in this section or the relevant illustrative chapter. In addition, 

reference should also be made to the horizontal BREF on Energy Efficiency (ENE BREF), 

which provides more general guidance on energy efficiency. 

 

2.4.7.2 Energy efficiency techniques in LVOC 
 

Improved energy efficiency has the economic benefit of reducing energy costs and the 

environmental benefit of reducing heat releases and carbon dioxide emissions. 

 

Where the purpose of a combustion plant is to provide specific processing conditions for a 

chemical process, this is within the scope of the LVOC BREF. Examples of this can be found in 

Chapters 4 and 16, which describe the operation of thermal crackers.  

 

As well as energy integration on a site-wide basis, energy integration can also be applied to 

individual processes. Some examples of this can be found in some of the illustrative chapters of 

this LVOC BREF. 

 

As well as applying the relevant techniques on energy efficiency, the LVOC produces a number 

of co-products and waste streams that have value as fuels. Possible techniques to consider are: 
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 reuse of liquid or solid residues from the chemical process for combustion in a central 

energy plant in order to recover their calorific value; 

 reuse of gaseous residues or co-products from the chemical process for combustion in a 

central energy plant in order to recover their calorific value. 

 

The reuse of these co-products and residues is considered in Chapter 2.4.7. 

 

Although less obvious than air and water emissions, ‘heat’ is defined as pollution under Article 

3 of the IED. The existence of heat releases may be indicative of a process that has poor energy 

efficiency. The techniques for minimising heat releases from the LVOC industry are very 

dependent on the local circumstances of a process. In general, new plants provide better 

opportunities for energy savings than existing plants. 

 

‘Hard’ techniques could include the installation of new technology, process adaptations, heat 

exchange and minor equipment improvements. Thermal insulation is fitted to vessels and pipes 

where this minimises energy usage, the degradation of materials and fluctuations in process 

temperature. 

 

Conventional stand-alone power stations have overall energy efficiencies of only 35–40 %, but 

power and heat integration on large scale integrated chemical plants can produce overall energy 

efficiencies of 70–90 % [CEFIC, 1999 #17]. LVOC processes can also provide opportunities for 

improved efficiency by considering energy integration beyond the site boundary (e.g. heat 

transfers to other sites – i.e. ‘industrial ecology’, district heating, CO2 export) [InfoMil, 2000 

#83]. 

 

There is also an important role for ‘soft’ techniques based on environmental management 

systems. This may include the full attribution of energy costs to each process, the internal 

reporting of energy use/efficiency, external benchmarking, and energy audits using Pinch 

Analysis. Pinch Analysis first identifies all heat sources and sinks in a process and then 

reconciles heat transfers to optimise overall energy efficiency. For example, the energy 

generated by an exothermic reaction can be transferred (either directly or indirectly) to 

equipment that has a heating requirement. Such energy audits should be an integral part of 

approving any significant process change. 

 

It may not be feasible, due to technical or economic reasons, to use the lowest levels of energy 

that originate from a process. This energy may be transferred into the environment by air-

cooling and/or water-cooling systems. However, cooling systems should be seen as the last 

resort for treating arisings of heat. 

 
2.4.7.2.1 Divided wall distillation 

 

Description 

Distillation column with divided wall. 

 

Technical description 

One of the more effective methods of reducing both the capital and energy costs of separation 

units is the installation of a dividing wall column (DWC) where appropriate.  

 

Achieved environmental benefits 

While results of course vary, a DWC can typically cut capital and energy costs by 

approximately 30 % compared to a traditional two-column system. 

 

Environmental performance and operational data 

 Example in Aromatics IC. 

 

Cross-media effects 
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Technical consideration relevant to applicability 

Configuration involving columns that are fully thermodynamically coupled. 

 

Economics 

20 % less investment costs; 35 % lower energy costs; 40 % less space requirements. 

 

Driving force for implementation 

 

Example plants 

Ruhr Oel refinery in Munchsmuster. 

 

Reference literature 

 
2.4.7.2.2 Recover energy from waste gas streams 

 

A number of process streams will contain by-products and  residues that have a higher value as 

a fuel substitute rather than isolating and purifying these for sale or reuse.  In some cases, the 

economic value of recovering these as fuel may be low or complex because the stream is at a 

lower pressure than the fuel header at the site.  It is best practice in these cases to recompress 

these streams in order to recover the calorific value, e.g. in a steam boiler.  This will result in 

reduced fuel use and less overall emissions to air. 

 

Gas recompression to recover energy  

 

An example can be found in Chapter 8 on aromatics. Some units may be designed to operate 

under vacuum or at low pressures. In this case, the overhead vents have a lower pressure than 

the vent header or fuel gas header; the vent gas could be recompressed and sent to the fuel gas 

network, a furnace or the flare (less preferred option). It is sometimes used to fully recover some 

or all of the hydrocarbons vented to the flare system. The first priority in an aromatics plant is to 

contain the vent and off-gases and use them as fuel; however, this is sometimes not possible and 

they are sent to flare systems. On these occasions, vent compression is sometimes used to 

recover some or all of the hydrocarbons vented to the flare system. Low pressure off-gases from 

low pressure separators or from stripping columns need to be recovered as well, and they are 

generally used as fuel gases. 

 

2.4.8 Techniques to reduce water consumption 
 

The following techniques can be used to reduce water consumption: 

 

 Closed cycle liquid ring vacuum pumps 

 Liquid ring vacuum pumps using solvents as the ring medium 

 Multiple use and recirculation operations 

Reuse of water from washing, rinsing and equipment cleaning has, in addition to the 

reduction of waste water load, the advantage of product recovery and increase of 

product yield, provided the water is recirculated into the production process itself. 

Applicability might be limited by the availability of facilities for collection, buffering 

and/or the storage of waste water 

 Reuse of water as boiler water 

With further treatment of some waste water streams, they can be used as boiler feed 

water, displacing other sources of water, thereby reducing consumption 

 Water-free process for waste gas treatment 

 Water-free vacuum generation 

Water-free vacuum generation can be achieved by using mechanical pumping systems 

in a closed circuit procedure, discharging only a small amount of water as blowdown, or 

by means of dry-running pumps. This discharge amounts to less than 5 % of that of the 

once-through system [22, Bundesministerium für Umwelt, Naturschutz und 

Reaktorsicherheit/LAWA, 2000]. In some cases, waste water-free vacuum generation 
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can be achieved by use of the product as a barrier liquid in a mechanical vacuum pump, 

or by use of a gas stream from the production process. 

 

Further techniques to reduce water consumption are considered in each illustrative chapter. 

 

2.4.9 Techniques to reduce waste generation 
 

LVOC production sites have the potential to generate a wide range of wastes, many of which 

would be classified as hazardous, e.g. solvents (halogenated, non-halogenated), organic liquids, 

wash water, sludge from effluent treatment, salt solution, residues from distillation columns, 

tars, waxes, sludge, chars, spent catalysts and off-specification products. 

 

To prevent and minimise waste generation, the following hierarchy of measures should 

generally be applied: 

 

 prevention, 

 preparation for reuse, 

 recycling, 

 other recovery, e.g. energy recovery, 

 disposal. 

 

The techniques listed below for the treatment and disposal of sludge from waste water treatment 

are fully described in the CWW BREF and, where applicable, are considered generally 

applicable across the LVOC sector: 

 

 sludge thickening and dewatering; 

 stabilisation and conditioning; 

 heat drying and thermal oxidation of sludge. 

 

Often in LVOC production sites, processes may intentionally produce more than one product, 

e.g. lower olefins (Chapter 4), aromatics (Chapter 8), and co-production of styrene and 

propylene oxide (Chapter 14). These are referred to as co-products. In other processes, other 

valuable products may be produced as a consequence of the process route followed and, whilst 

these are not intentionally produced, they are produced as an integral part of the production 

process and can often be used directly as raw materials in other LVOC processes. These are 

referred to as by-products. However where further use of these co-products or by-products are 

not certain, they should be regarded as wastes. 

 

Techniques to maximise the conversion of raw materials to products, co-products and by-

products generally fall within the prevention part of the waste hierarchy. As such, this is linked 

closely with resource efficiency: 

 

 reuse of liquid or solid residues from the chemical process for combustion in a central 

energy plant in order to recover their calorific value; 

 reuse of gaseous residues or co-products from the chemical process for combustion in a 

central energy plant in order to recover their calorific value; 

 preparation for reuse (regeneration of adsorption media) (regeneration of catalyst); 

 recycling – materials recovery – e.g. spent catalysts. 

 

Where reuse or recovery is not achieved, disposal will be by landfill, incineration, various waste 

treatments, flaring, etc. 

 

The CWW BREF identifies 'green chemistry' as a collection of techniques to reduce or 

eliminate the generation of hazardous waste. There is considerable overlap between the 12 

principles of 'green chemistry' reported in the CWW BREF and the 12 criteria for determining 
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best available techniques listed in Annex III to the IED. Therefore it is considered that 'green 

chemistry' principles are inherent in the BAT process. 

 

The CWW BREF identifies techniques for the reuse/recycling of used containers/drums and of 

'soft' packaging materials. This is not covered further in the LVOC BREF, and reference should 

be made to the CWW BREF for full details on this technique. 

 

Also, the CWW BREF describes techniques for the treatment and disposal of sludge from 

effluent treatment plants – the techniques listed below are not repeated here: 

 

 sludge thickening and dewatering;  

 stabilisation and conditioning;  

 heat drying and thermal oxidation of sludge.  

 

2.4.9.1 Waste prevention 
 

[Note to TWG: some further work may be needed on this section and on the interaction between 

this section and on the section on raw materials.] 

 
2.4.9.1.1 Prevent and/or reduce waste at source 

 

Minimise oligomer formation in distillation systems 

Group of structured measures that seek to reduce tar generation. Example of SMPO, see Chapter 

14. 

 

Description 

A group of distillation strategies (design and operation) that avoid high temperature and high 

hold up, e.g. packing vs trays to reduce pressure drop and vacuum vs atmospheric to reduce 

operating temperature.   

 

Technical description 

The following parameters, criteria or decisions can favour a lower tar generation. 

1) Feed purity: diethylbenzene can lead to divinylbenzene. The main problem is that 

divinylbenzene starts the formation of cross-linked polymer that results in heavy 

insoluble fouling. 

2) Reduce conversion by reducing reactor temperature or residence time. 

3) Reducing residence time and temperatures where liquid phase streams containing 

styrene are processed.  

Heavies from dehydration reaction: reduce yield. 

Heavies from hydrogenation feed distillation: reduce yield. 

 

Achieved environmental benefits 

Higher yield in feedstock, less generation of non-conventional and nitrogen-rich fuel. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical considerations relevant to applicability 

Generally applicable. 

 

Economics 

Lower operating costs. 

 

Driving force for implementation 

Lower operating costs. 
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Example plants 

 

Reference literature 

 
2.4.9.1.2 Isolate by-products for sale 

 

This technique consists of isolation/purification of these by-products to meet certain 

specifications in order to sell them. In some plants, major by-products such as chloroethane and 

1,1,2-trichloroethane are recovered and sold or used as feedstock for other chlorinated 

hydrocarbon (CHC) processes such as 1,1-dichloroethylene production. Some of the light and 

heavy fractions can be used as feedstock for other chlorination processes, but this option is 

declining due to the reduced production of chlorinated solvents 

 

Apply isolation/purification techniques (such as distillation) to a by-product stream in order to 

meet the sales specifications. 

 
2.4.9.1.3 Feedstock recovery by distillation or cracking 

 

Measures that apply basic operations (such as distillation or cracking reactions) to recover 

feedstock from residues. Incineration is no longer used for tar. Cracking still used in a few 

installations. See the CWW and the LCP BREF for use of tar as a fuel for energy generation.  

 

Description 

Tar cracking is a method for separating valuable products from tar by treating the tar with 

steam. 

 

Technical description 

In phenol production: by heating tar in a continuous operation column-type reactor (i.e. a 

thermo cracker). The phenol tar is first fed into the middle part of the column-type reactor. 

Upon heating, the phenol tar is refluxed, and the vapour that does not condense is led into a 

separation stage. The waste tar residue is removed from the bottom of the reactor. 

 

In TDI/MDI production: tars from distillation are additionally processed to recover the 

maximum amount of feedstock (MDA or TDA) contained in tars. There are various technical 

approaches to achieve this goal: cracking of tars by thermal or chemical means. One option 

applies heat to tar with the addition of aniline and acid catalyst. Reference: US4089901. 

 

Achieved environmental benefits 

Distillation: the amount of tar is reduced and the usage of feedstock is improved. 

Cracking: the amount of tar is reduced and the usage of feedstock is improved, but more by-

products are formed. 

 

Environmental performance and operational data  

(Questionnaires) kg/t phenol. 

 

Cross-media effects 

Increased use of energy (steam) to crack large molecules. 

 

Technical considerations relevant to applicability 

New plants or retrofit of existing plants 

 

Economics 

Improved cumene feedstock yield. 

 

Driving force for implementation 

Improved cumene feedstock yield. 
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Example plants  

 

Reference literature 

U.S. Patent No. 3,850,996. 

 
2.4.9.1.4 Catalyst regeneration  

 

Description 

The regeneration of catalysts by applying a thermal or chemical treatment to facilitate their 

reuse in the process 

 

Technical description 

The treatment required will be specific to the process and / or catalyst. 

 

Achieved environmental benefits 

Maintain activity of catalyst to ensure continued operation of process with high levels of 

conversion, low levels of waste and emissions.  Minimise consumption of catalyst materials. 

 

Environmental performance and operational data 

 

Cross media effects 

Catalyst regeneration processes can generate emissions to air and / or water. 

 

Technical considerations relevant to applicability 

Applicability on site may be restricted due to the need for facilities to regenerate the catalyst and 

treat the emissions.  Performing these operations in the appropriate units of specialist sub-

contractors can result in a lower environmental impact.  At the end of the operating life of the 

catalyst, valuable metals can be recovered, reducing landfill.  

 

Note: these types of technique may also be applicable to adsorption media. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 

2.4.9.2 Monitoring of waste 
 

See the CWW BREF. To reduce waste and maximise the reuse/recycling of waste. Periodically 

monitor solid waste/residue composition to enable the reduction of waste generation sent to 

landfill by allowing an alternative destination such as energy recovery in thermal oxidiser or 

furnaces.  

 

Generally applicable. 

 

2.4.10 Techniques to reduce odour 
 

Many of the substances processed or produced in the LVOC sector and their emissions have the 

potential to be odorous; for example, sulphides, amines and formaldehyde. The subject of odour 

is complex due to a combination of factors, including the different perception of odour by 

different people and the generally very low concentrations at which odour is perceptible.  
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The CWW BREF presents a number of techniques for measuring and treating odorous pollution. 

These are generally not repeated here, except that some of these techniques also have 

application more widely for pollution abatement.  

 

Techniques for the treatment of specific odorous streams are: 

 

 thermal oxidation (see Chapter 2.4.4.1.5), 

 wet scrubbing (see Chapter 2.4.4.2.1), 

 biofilters (see the CWW BREF), 

 adsorption (see Chapter 2.4.4.1.1). 

 

Another approach to odour described in the CWW BREF is odour masking, where an odour 

masking agent seeks to replace the existing odour with one that is more pleasant. This technique 

is not generally applied in LVOC production. 

 

The application of the techniques listed above should be informed by the odour management 

plan (OMP). An OMP can be part of the environmental management system (EMS) and can 

include all or a combination of the following elements: 

 

 an odour management strategy; 

 protocols for carrying out odour monitoring; 

 a protocol for response to identified odour events; 

 an ongoing odour prevention and elimination programme designed to identify the 

location, nature, emission and dispersion of on-site odours; to characterise the odours 

and implement elimination or reduction measures; 

 an implementation plan and timetable; 

 a reporting programme; 

 a review programme. 

 

Further details on OMPs can be found in the CWW BREF. No further elaboration on odour 

control is included in this document. 

 

2.4.11 Techniques to reduce noise and vibration 
 

The techniques listed below are fully described in the CWW BREF and are considered generally 

applicable across the LVOC sector. 

 

Noise and vibration are also defined as pollution under Article 3 of EC Directive 2010/75/EU. 

 

Noise is a constant feature of most LVOC installations, but particular issues may arise from 

equipment such as compressors, pumps, flares and steam vents. 

 

A combination of primary and secondary measures can be used to reduce noise, for example: 

 

 noise prevention by suitable construction (e.g. prevention of resonant vibration); 

 sound absorbers (e.g. for safety valves, combustion machines); 

 noise control booth/encapsulation of the noise sources (e.g. compactors, centrifuges); 

and,  

 consideration at the design stage of a noise-reducing layout of buildings in close 

proximity to potential receptors (e.g. residential areas). 

 

A combination of primary and secondary measures can be used to reduce vibrations, and these 

could include: 
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 selection of equipment with inherently low vibration (e.g. steadily running machines 

instead of pulsating machines; screw compressors instead of reciprocating 

compressors); 

 anti-vibration mountings (e.g. pumps mounted on rubber foundations); 

 disconnection of vibration sources and surroundings (e.g. separate foundations for 

reciprocating compressor and any connected pipes); 

 consideration at the design stage of proximity to potential receptors (e.g. residential 

areas). 

 

The application of the techniques listed above should be informed by the noise management 

plan (NMP). A NMP can be part of the environmental management system (EMS) and can 

include all or a combination of the following elements: 

 

 a noise management strategy; 

 protocols for carrying out noise monitoring; 

 a protocol for response to identified noise complaints; 

 an ongoing noise prevention and reduction programme; 

 an implementation plan and timetable; 

 a reporting programme; 

 a review programme. 

 

Further details on NMPs can be found in the Horizontal BREF. 

 

Measures to limit the impact of noise from flares and from waste water treatment plants can be 

found in the CWW BREF. No further elaboration on noise and vibration is included in this 

document. 

 

2.4.12 Techniques to reduce other than normal operating conditions 
 

Article 15(3) of the IED requires that competent authorities 'set emission limit values that 

ensure that, under normal operating conditions, emissions do not exceed the emission levels 

associated with the best available techniques as laid down in the decisions on BAT conclusions'. 

 

Article 14(1)(f) describes 'conditions other than normal operating conditions' through the 

following examples; start-up and shutdown operations, leaks, malfunctions, momentary 

stoppages and definitive cessation of operations. 

 

Certain emissions (to air, water or waste) occur during other than normal operating conditions. 

The type (pollutants, flow, etc.) of these emission streams can be different from those that occur 

during normal operating conditions. Operators can take measures to reduce both the frequency 

of these events and the impact of these events on the environment. 

 

Although there are no BAT-AELs associated with these other than normal operating conditions, 

competent authorities will still need to set permit conditions under Article 14(1)(a) and (f) of 

IED including possibly emission limit values. 

 

Other than normal operating conditions will broadly divide into two types of event: 

 

 Planned events: e.g. start-up, shutdown, definitive cessation of operations; 

 Unplanned events: e.g. leaks, malfunctions, momentary stoppages. 

 

2.4.12.1 Planned other than normal operating conditions 
 

Planned events include: 

 

 start-up and shutdown; 
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 reduced rate or idling operation; 

 replacement/renewal of catalysts or media used for the abatement of emissions; 

 decoking of crackers. 

 

The definitive cessation of operations is not within the scope of this BREF. 

 

Techniques that can be applied are: 

 

 maximise run time of plant; 

 plan events for shutdown periods; 

 design in features for start-up and shutdown, e.g. ensuring shared vent/treatment 

systems can deal with start-up/shutdown loads. 

 

2.4.12.2 Best practices for decoking of crackers 
 

[Note to TWG: The LVOC team have given consideration to whether decoking operations 

should be considered 'other than normal operating conditions'. The LVOC team have considered 

3 scenarios: 

 That decoking is part of the normal operating cycle of cracker plants and that the 

entirety of the decoking operation is therefore part of normal operation. 

 That decoking is totally outside of normal operation and should therefore be considered 

an 'other than normal operating condition'. 

 That the decoking of an individual cracker is an 'other than normal operation'; but that 

the burning of the coke in the firebox of another cracker is part of normal operation. 

The LVOC team have concluded that because the second cracker continues to be part of 

production, scenario 3 should be applied. However, the LVOC team invites TWG members to 

comment further on this matter. The current draft of the LVOC BREF is written on this basis.] 

 

The following techniques are considered: 

 

a) selecting materials for tube construction that retard coke formation; 

b) management techniques; 

c) maximise the burnout of coke (furnace optimisation); 

d) alternative mechanical decoking, e.g. sand jetting or pigging; 

e) vent decoking gases via a fabric filter; 

f) vent decoking gases via a wet abatement device. 

 

Note that the doping of feedstock with sulphur to retard coke formation is limited in its 

applicability to the production of lower olefins and so is considered in Chapter 4. 

 

a) Selecting materials of construction for tube construction that retard coke 

formation 

 

Description 

Select materials of construction for cracker tubes that retard coke formation. 

 

Technical description 

Any nickel (including any nickel oxide sites) in the materials used for the construction of the 

cracker tubes has the potential to catalyse the formation of coke. This technique therefore relates 

to the use of materials with low nickel levels, or with an appropriate surface coating that blocks 

access to available nickel (oxide) sites.  

 

Achieved environmental benefits 

This should reduce the frequency and/or duration of decoking events, and therefore limits the 

potential total mass emission of dust. Consequently, this would also reduce the amount of 

energy wasted during decoking. Reducing the rate of coke build-up improves energy efficiency 
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by limiting the insulation effect of coke build-up, which would otherwise necessitate higher 

furnace temperatures. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

For new steam crackers, this would be the (any) differential costs. For existing steam crackers, 

this would be the cost of replacing many tubes. 

 

Economics 

 

Driving force for implementation 

Convenience of increased production because of longer uptime (reduce downtimes). 

 

Example plants 

 

Reference literature 

 

b) Management techniques 

 

Description 

A group of managerial and operational techniques that are described in the standard operating 

procedures and/or process safety management system, and which address means to reduce coke 

formation.  

 

Technical description 

Operating procedures related to reducing decoking events will describe how personnel training 

is carried out for this topic. These procedures will also describe how monitoring the pyrolysis 

rate will limit coke generation and how monitoring of feed EDC quality by lab analysis can 

keep coke formation low. 

 

Achieved environmental benefits 

Reduced generation of coke will lead to reduced coke disposal. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Generally applicable  

 

Economics 

 

Driving force for implementation 

This may lead to longer uptime (less frequent shutdowns) and thus better operational costs. 

 

Example plants 

 

Reference literature 

 

c) Maximise the burnout of coke (furnace optimisation) 

 

Description 

Carry out decoking in a manner that promotes the maximum oxidation of the coke. 
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Technical description 

 

Achieved environmental benefits 

Reduce emissions to air of combustion related pollutants 

 

Environmental performance and operational data 

 

Cross-media effects 

More CO, higher energy demand. 

 

Technical consideration relevant to applicability 

A higher temperature would almost certainly accompany attempts to achieve a more complete 

burnout, and this could result in damage to the tubes. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 

d) Alternative mechanical decoking: Sand jetting or pigging 

 

Description 

Physical removal of coke rather than thermal removal. 

 

Technical description 

Sand jetting or pigging (possibly done by an external service company) may replace or facilitate 

thermal decoking, thereby avoiding use of a water scrubber or spray tower. See the CWW 

BREF. 

 

e) Vent decoking gases via a fabric filter 

 

Description 

The collection of dust entrained in the air/steam effluent using a bag filter. 

 

Technical description 

  

Achieved environmental benefits 

Reduction of dust emissions. 

 

Environmental performance and operational data 

Given the nature of the emissions, it is not straightforward to quantify the emissions from the 

bag filter plants. The performance of a filter may deteriorate over time due to tears developing 

in the fabric, and deterioration in the seal between the clean and dirty zones within the filter. 

 

Cross-media effects 

Collected coke will need to be disposed of as a waste. The fabric filters will need to be replaced 

periodically (resulting from an incident or simply general maintenance).  

 

Technical consideration relevant to applicability 

Temperature and moisture may be a big hurdle to the suitability of a bag filter for this duty. 

More space is required. 

 

Economics 
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Driving force for implementation 

 

Example plants 

 

Reference literature 

 

f) Vent decoking gases via a wet abatement device 

 

Description 

Use of a water scrubber or spray tower to capture dust. 

 

Technical description 

 

Achieved environmental benefits 

Reduction of dust emissions.  

 

Environmental performance and operational data 

 

Cross-media effects 

Collected coke will need to be disposed of as a waste. An effluent will arise. Potential for 

recycling in which case this would be blended off. There may be a peak discharge during 

shutdowns. 

 

Technical consideration relevant to applicability 

Space requirements. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 

2.4.12.3 Unplanned other than normal operating conditions 
 

Unplanned events include: 

 

 leakages; 

 malfunctions of process equipment; 

 malfunctions of abatements plant; 

 loss of plant utilities, e.g. water or vacuum; 

 accidents. 

 

This section contains techniques which are applied widely across the LVOC sector to reduce 

either the frequency or consequences of these events. These techniques are sometimes applied 

individually, sometimes in combination. Full details on almost all of these techniques are 

available in the CWW BREF. This section seeks to elaborate further, where appropriate, on 

their specific application within the LVOC sector. Further elaboration may also be found in the 

illustrative chapters of this document, where there are specific examples of the application of 

some of these techniques. 

 

Techniques considered in this section are: 

 

 corrosion avoidance best practices, 

 reliability programmes, 

 redundant vent treatment systems, 
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 safety risk assessment.  

 

2.4.12.4 Risk assessment and FMEA to identify critical assets 
 

Description 
A group of managerial techniques to identify those assets whose malfunction or failure poses 

greatest risk to the environment. 

 

Achieved environmental benefits 
The identification of assets whose performance is critical for environmental protection enables 

the application of appropriate measures to reduce the likelihood of failure or minimise the 

consequences should failure occur. 

 

Example plants 
Each of the illustrative chapters in the BREF identifies those assets considered ʻcritical to the 

environmentʼ based on the answers given in the questionnaires. 

 
2.4.12.4.1 Corrosion avoidance best practices 

 

Description  

A group of managerial and operational techniques that are described in the standard operating 

procedures and/or process safety management system, and which address means to reduce 

corrosion.  

 

Technical description 

The operating procedures should describe how to minimise corrosion rates through material 

choice, personnel training, preventive maintenance and analysis of the incidents and 

malfunctions. Different tools that allow anticipation of a leak include: field detectors and 

alarms, periodical thickness measurements, fugitive emissions programme, cooling water 

treatment monitoring and/or monitoring of water traces in the process. Operating procedures 

should also describe how personnel training is carried out for this topic. 

 

Achieved environmental benefits 

Reduced levels of corrosion will lead to fewer equipment leaks of chemicals to the environment 

(air or water), and reduce the likelihood of equipment failure. 

 

Environmental performance and operational data 

 

Cross-media effect 

 

Technical considerations relevant to applicability 

Applicable to those assets, systems, units or equipment that have been identified as ʻcritical to 

the environmentʼ through a risk assessment or identified in the relevant chapter of this BREF. 

 

Economics 

 

Driving force for implementation 

Reducing corrosion leads to higher plant uptime and fewer shutdowns. 

 

Example plants 

Examples can be found in Chapter 12 on ethylbenzene: 

 

 Operation: Chlorine content in fresh benzene controlled by lab analysis. Corrosion can 

occur in drag-benzene column top due to the high chloride concentration in water 

solution. This effect can be avoided or reduced by material selection and/or chloride 

content control in fresh benzene fed. 
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 Design: Process selection: the zeolite process avoids this issue. The right material 

selection: the alkylation reactors are lined with brick or glass. High-alloy construction 

materials are also required for the piping and handling systems. As the alkylation 

mixture can tolerate only small amounts of water, the recycled benzene and fresh 

benzene must be dried thoroughly prior to entering the reactor. Water not only increases 

corrosion, but also decreases catalyst activity. 

 Maintenance: Preventive maintenance. The reaction mixture could be highly corrosive 

depending on the process. Corrosion also increases plant downtime and maintenance 

costs. Regulation inspections: inspection procedures, gasket monitoring, managerial and 

technical tools to measure and predict wall thicknesses on key pipes and equipment, etc. 

 

2.4.12.5 Implement a reliability programme to maximise uptime 
 

Description 

A group of managerial and operational techniques (on reliability) that are described in the 

standard operating procedures and/or process safety management system, and which address 

means to reduce emissions related to incinerator bypass or downtime.  

 

Technical description: 

These managerial and operational measures normally include continuous improvement, 

prioritisation tools, statistical tools (six sigma), etc. Provision of quantitative minimum targets 

(e.g. mean time between failure or failure rate) is not sufficient; reliability requirements should 

drive a (system or part) design to incorporate features that prevent failures from occurring or 

limit consequences of failure. The operation procedures related to reducing or coping with this 

critical device downtime will describe how personnel training is carried out for this topic.  

 

These procedures will also describe how to achieve a lower environmental impact during these 

events by using one or more of the following techniques: 

 

 analysis of the incidents and malfunctions; 

 preventive maintenance; 

 having a back-up gas treatment unit; 

 Back-up (redundant) device when poor reliability record is proven. 

 

Some plants would only change catalyst for this device during overall plant shutdown or during 

decoking events (low plant rate).  

 

Applicable to those assets, systems, units or equipment that have been identified as ʻcritical to 

the environmentʼ through a risk assessment or identified in the relevant chapter of this BREF. 

 
2.4.12.5.1 Back-up or stand by vent treatment system 

 

Description 

Build and maintain a redundant vent treatment system to ensure the availability of this critical 

service. 

 

Technical consideration relevant to applicability 

Applicable to those assets, systems, units or equipment that have been identified as ʻcritical to 

the environmentʼ through a risk assessment or identified in the relevant chapter of this BREF. 

 

Example plants 

Examples can be found in chapter 6 on TDI/MDI. 

 

Reference literature 
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2.5 Emerging techniques 
 

[Note to TWG: the EIPPCB has developed some contents for the emerging techniques sections 

of the BREF. Neither the data collection questionnaires nor TWG members' spontaneous 

comments have provided sufficient information for the current BREF review on this topic. 

Therefore, TWG members are invited to complete the information collected by the EIPPCB: 

 The contents are presented in a tabular format in accordance with the BREF guidelines 

((2012/119/EU) 

 In some cases the technique has been identified as emerging but there is a lack of 

information to complete the fields to describe it] 

 

This generic section on emerging techniques contains several techniques that are not limited to 

specific chemical processes but could instead be generally applicable for the whole sector. 

 

2.5.1 Waste gas treatments 
 

2.5.1.1 EDV® wet scrubbing systems 
 

Description 

This technique represents a marginal improvement on wet scrubbing: it reduces dust, SOX and 

NOX in a single vessel. It is a low temperature oxidation to convert non-solubles to soluble 

compounds. 

 

A source of ozone is required in a wet scrubber to remove NOX, in order to oxidise the NOX to 

soluble, higher nitrogen oxides. Oxygen can be stored as a liquid in a vacuum jacketed vessel, 

can be generated on site or delivered by pipeline. Oxygen installations are safe and common to 

hospitals, universities and a variety of industries. Ozone is generated on site using an ozone 

generator. Nitric acid is formed. 

 

Commercially developed 

Yes; BOC group; DuPont, Belco 

Reference plant: Texas City, US (Marathon) 

 

Level of environmental protection 

Reduction of NOX 

 

Cost savings compared to existing BAT 

 

Chance of becoming BAT in the future 

High 

 

When it might become commercially available 

Now 

 

References 

3rd Annual Global Refining Conference; 

http://www.aiche-cf.org/Clearwater/2010/Paper2/10.2.2.pdf 

http://www.marama.org/calendar/events/presentations/2008_08ControlTech/Billemeyer_Contro

lTech08.pdf 

 

2.5.1.2 Ceramic filters 
 

Description 

See the REF BREF emerging techniques on waste gas treatments 

Ceramic membrane filters, which are superior in resistance against heat, corrosion and solvents, 

are widely used for filtering. As the structure of the membrane is hardly changed by pressure 

and heat, it can be used for a long time 

http://www.marama.org/calendar/events/presentations/2008_08ControlTech/Billemeyer_ControlTech08.pdf
http://www.marama.org/calendar/events/presentations/2008_08ControlTech/Billemeyer_ControlTech08.pdf
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Commercially developed 

Yes, the reference plant is NGK, Japan 

 

Level of environmental protection 

 

Cost savings compared to existing BAT 

 

Chance of becoming BAT in the future 

 

When it might become commercially available 

 

References 

http://www.mcilvainecompany.com/Universal_Power/Subscriber/PowerDescriptionLinks/Rod

%20Gravley%20-%20Tri-Mer%20-%209-27-13.pdf 

2.5.2 Waste water treatments 
 

2.5.2.1 Fiberfilm® 
 

Description 

Contactor to enable mixing of immiscible liquids (hydorcarbons and caustic water) to facilitate 

various basic water treatments (chemical precipitation, neutralisation, etc.). The aqueous phase 

adheres to (wets) the metal fibres and it flows down the length of the fibre via a combination of 

gravity and interfacial drag between the two immiscible phases. Hydrocarbon also flows 

through the cylinder co-currently and in between the aqueous-wetted fibbers. The large surface 

area and tight packing of the metal fibres bring ultra-thin falling films of the aqueous phase into 

close contact with the hydrocarbon phase. The interfacial surface area produced has an order of 

magnitude larger than in conventional devices, allowing impurities to easily diffuse between 

phases. 

 

Commercially developed 

Reference plant: Petrotel (Lukoil); Reference provider: Merichem 

 

Level of environmental protection 

Lower amount of water effluents also with lower amount of impurities 

 

Cost savings compared to existing BAT 

 

Chance of becoming BAT in the future 

 

When it might become commercially available 

Readily available 

 

References 

Merichem brochures and web page:  

http://www.merichem.com/company/technologies/fiber-film 

 

2.5.3 Waste recovery 
 

2.5.3.1 MECS Sulphuric Acid Regeneration  
 

Description 

Spent acid recovery system. Spent acid and/or hydrogen sulphide are burnt at elevated 

temperatures to provide SO2 gas. In the case of spent acid, fuel is burnt along with the spent 

acid in the combustion chamber to achieve the required decomposition temperature. The wet 

SO2 combustion gas is then cooled in a steam boiler to recover energy prior to entering the 

primary scrubber. 

http://www.merichem.com/company/technologies/fiber-film
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Commercially developed 

The reference plants are in North Carolina (US) and India. The reference technology provider is 

MECS, DuPont. 

 

Level of environmental protection 

Avoids/reduces amount of spent acid sent to waste disposal 

 

Cost savings compared to existing BAT 

 

Chance of becoming BAT in the future 

 

When it might become commercially available 

 

References 

3rd Annual Global Refining Conference; 

http://www.aiche-cf.org/Clearwater/2010/Paper2/10.2.2.pdf; http://www.mecsglobal.com/spent-

acid-recovery.aspx 

 

2.5.3.2 MERICON 
 

Description 

On-site solution for the processing of spent caustics to reduce their biochemical  oxygen 

demand (BOD) and chemical oxygen demand (COD), control odour, adjust acidity and destroy 

phenolic compounds. Produces a neutral brine effluent stream that can be routed to waste water 

treating facilities, evaporation ponds, or waterways. The process requires several basic unit 

operations: neutralisation, phase separation, solvent wash and chemical oxidation. 

 

Commercially developed 

The reference plants are in Romania, Petrotel, Lukoil. The reference technology provider is 

Merichem. 

 

Level of environmental protection 

Recovery and treatment of spent caustic on site 

 

Cost savings compared to existing BAT 

 

Chance of becoming BAT in the future 

 

When it might become commercially available 

 

References 

http://www.digitalrefining.com/literature/1000529,MERICON____spent_caustic_processing.ht

ml#.UujXuD20pD8 

 

http://www.mecsglobal.com/spent-acid-recovery.aspx
http://www.mecsglobal.com/spent-acid-recovery.aspx
http://www.digitalrefining.com/literature/1000529,MERICON____spent_caustic_processing.html#.UujXuD20pD8
http://www.digitalrefining.com/literature/1000529,MERICON____spent_caustic_processing.html#.UujXuD20pD8
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3 CHEMICALS PRODUCED IN LVOC INSTALLATIONS  
 

[Request to TWG: The TWG is asked to give consideration as to whether the order of Chapters 

2 and 3 should be reversed.] 

 

3.1 General information 
 

[Request to TWG: A lot of the content in this chapter is taken from the current LVOC BREF 

and may need to be updated with new information.  TWG members are asked to provide 

addition information.]  

 

Industrial organic chemistry applies the unit processes, unit operations and infrastructure 

described in Chapter 2 to establish production processes for the desired chemical products. 

There is a large variety of processes in the field of LVOC. The detailed information exchange 

exercise has been restricted to the illustrative processes that are described in Chapters 4 to 16. 

 

For the remaining production processes, this limits the level of detail that can be provided in this 

BREF. There follows a number of very brief (‘thumbnail’) descriptions of the most significant 

processes within each branch of the LVOC sector.  

 

[Note to TWG, the thumbnails have been grouped according to their reference in the IED. 

Those that will become illustrative chapters in the updated BREF have been removed. Four 

thumbnails in the new format have been included, but otherwise the format is unchanged from 

the current BREF.] 

 

These descriptions have been prepared where the process is commercially or environmentally 

significant, and where information was readily available. Most of the processes described have 

European production capacities in excess of the 100 kt/yr threshold that was proposed by 

several Member States, but the inclusion (or non-inclusion) of a particular process description 

should not be seen as representing a legal interpretation of the term LVOC.  

 

The descriptions have been restricted to a brief outline of the process, any significant emissions, 

and particular techniques for pollution prevention or control. Since the descriptions aim to give 

an initial overview of the process, they do not necessarily describe all production routes. The 

descriptions are, therefore, a starting point in the determination of BAT and additional 

information may be needed, in accordance with Articles 14(5) and 14(6) of the IED. 

 

If detailed process descriptions are required, then reference should be made to a standard text 

(e.g. [Ullmann, 1998 #80]) or to documents submitted to the information exchange (e.g. 

[InfoMil, 2000 #83] contains practical information on 55 LVOC processes in the Netherlands). 

 

The process descriptions in this chapter are grouped according to the functional chemistry 

previously outlined in the BREF Scope. 
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3.2 Applied processes and techniques 
 

[Note to TWG: In the current BREF, the environmental issues are subdivided into Air – Water – 

Wastes and Energy.] 

 

[Request to TWG: Where the subheading is blank, there is no text in the current BREF and 

TWG members are asked if there is anything they would like to contribute.] 

 

3.2.1 Simple hydrocarbons 
 

The Industrial Emissions Directive (IED) (Section 4.1(a) of Annex I) defines this subgroup as 

ʻsimple hydrocarbons (linear or cyclic, saturated or unsaturated, aliphatic or aromatic)ʼ. 

 

Processes for the production of the following hydrocarbons are described in the subsequent 

illustrative chapters of this document. 

 

Lower olefins: This group comprises a range of unsaturated hydrocarbons, primarily ethylene, 

propylene, butylenes and butadienes. They are important building blocks for the production of 

a range of products that are based on organic chemistry, including plastics, polymers and man-

made fibres. Steam cracking is currently the most commonly applied technology for the 

production of lower olefins, and is described in Chapter 4 of this BREF. 

 

Aromatics: Aromatic plants produce a number of intermediate chemicals such as benzene, 

toluene, xylene and cyclohexane. These manufacturing plants are often situated in aromatic 

complexes and can have a number of different configurations. They operate downstream of 

refineries and upstream of other LVOC plants such as phenol, styrene or PTA plants, and are 

described in Chapter 8 of this BREF.  

 

Ethylbenzene: Ethylbenzene is used almost exclusively as an intermediate for the manufacture 

of styrene monomer, which is one of the most important large volume commodity chemicals.  

Commercially, almost all ethylbenzene is produced by alkylating benzene with ethylene. This 

process is described in Chapter 12 of this BREF. 

 

Styrene monomer: Two processes are described for the production of styrene monomer, which 

is an important petrochemical used in the production of polystyrene and other styrenic resins 

such as acrylonitrile butadiene styrene and styrene acrylonitrile. Chapter 13 describes its 

production through the dehydrogenation of ethylbenzene. Chapter 14 describes its co-

production with propylene oxide. 
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(i) Cumene 

Cumene  

Uses  Converted to cumene hydroperoxide, an intermediate in the synthesis of other 

industrial chemicals, primarily phenol and acetone 

Benzene alkylation with propylene 

Prevalence Accounts for approximately 80 – 90% of production within the EU.  

Summary Alkylation of benzene with propene and distillation to purify cumene 

 

 

Figure 3.1: Alkylation of benzene with propene and distillation to purify cumene 

Process 

options 

Alkylation route accounts for majority of large cumene plants 

 Catalyst selection: zeolites were introduced in late 1980s with better selectivity 

and simpler catalyst management. SPA (supported phosphoric acid), AlCl3 or 

HF  

 Vapour phase reaction (zeolites fixed bed) vs liquid phase (220 ºC, SPA or new 

zeolites) 

 Feedstock: normal vs diluted to reduce reaction temp and impurities 

Yield  95 % with SPA (oligomerisation of propene); 98 % with AlCl3 

 99 % with zeolites (after transalkylation of DIPB to cumene) 

Proprietar

y 

processes 

UOP (Lummus) Exxon (Mobil/Raytheon) CR&L, Mobil Badger, Enichem, 

Monsanto; Basf, Dow, Kellog, Hulls, CDTech 

Co-

products 

 Propane is obtained when propylene feedstock is consumed at lower purities 

 DIPB could be isolated for sale (instead of transalkylation) as Hydroquinone 

feedstock  

By-

products 

 Heavy aromatic compounds (tars) can be consumed as fuel 

 Polyalkylated (polymers) are avoided with excess benzene feed 

 Butylbenzene are avoided by feed purity (butylene and toluene) 

 Di-IsoPropylbenzene that is transalkylated to cumene 

 DiphenylEthane 

 Xylene 

Raw 

materials 

 Benzene: needs to be dried out before reaction 

 Propylene: propane is removed prior or post alkylation reaction 

Energy  Recover energy from exothermic alkylation reaction for distillation usage 

 Large duty required to purify DIB from heavy tars 

Air  Distillation vacuum system will have light vents that need to be channelled (to 

flare or thermal oxidator) 

 Catalyst management (especially SPA) involves frequent filter maintenance 

operations in reaction downstream section with Benzene present 

Water  CW consumption (bleeds) can be reduced by the use or air-condensers 

 Water is removed from feedstock (Bz and C3) by distillation 

Waste   Spent catalyst is key waste: zeolites generate significantly less volume 

 Acid catalyst can be treated in kiln 

Odour   Thermal oxidiser commonly required 

 High boiling organic can be odorous 

Other  Exposure to benzene: fugitive emissions 
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The cumene process is very similar to the process for producing alkylbenzene, which is 

described in Chapter 12. 

 

3.2.2 Oxygen-containing hydrocarbons 
 

The Industrial Emissions Directive (IED) (Section 4.1(b) of Annex I) defines this subgroup as 

ʻoxygen-containing hydrocarbons such as alcohols, aldehydes, ketones, carboxylic acids, esters 

and mixtures of esters, acetates, ethers, peroxides and epoxy resinsʼ. 

 

Processes for the production of the following oxygen-containing hydrocarbons are described in 

the subsequent illustrative chapters of this document. 

 

Ethylene oxide and ethylene glycols: (see Chapter 7) 

Formaldehyde: (see Chapter 10) 

Phenol: (see Chapter 11) 

 

Propylene oxide: The co-production of propylene oxide with styrene monomer is described in 

Chapter 14. 

 

In addition to the above, Chapter 15 describes the alkylanthraquinone oxidation process for the 

production of hydrogen peroxide. Although hydrogen peroxide is not an organic chemical, it is 

included in this BREF because it is produced using predominantly organic substances. In this 

process, the sequential hydrogenation and oxidation of an alkylanthraquinone precursor 

dissolved in a mixture of organic solvents is followed by liquid–liquid extraction to recover 

H2O2.  

 

New reference needed gives Europe’s most important oxygenated organic products (in tonnage 

terms) and also indicates what type of process description is provided in the BREF (if any). 
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Table 3.1: Oxygenated organics with European production capacities in excess of 100 kt/yr 

[Request to TWG: The information in this table taken from the current BREF is significantly 

out of date. Can you please provide more up-to-date information or advise on the deletion of 

this table]  

 

Product 
Production capacity  

(kt per year) 
Process Description? 

Formaldehyde 6866 Illustrative process 

Methyl tertiary butyl ether (MTBE) 3159 √ 

Methanol 2834 √ 

Ethylene oxide 1887 Illustrative process 

Phenol 1459 √ 

Propylene oxide 1418 √ 

Terephthalic acid 1310 √ 

Acetic acid 1302 √ 

Ethylene glycol 1210 Illustrative process 

Acetone 1117 √ 

Tertiary Butanol 1098  

Phthalic anhydride 1008 √ 

Adipic acid 920 √ 

Acrylic acid 860 √ 

Dimethyl terephthalate (DMT) 855 √ 

Acetaldehyde 844 √ 

2-Ethylhexanol 838 √ 

Isopropanol 811 √ 

Ethanol 705 √ 

Vinyl acetate 655 √ 

Acrylate esters 645  

Bisphenol A 598 √ 

n-Butanol 555 √ 

Glycol ether 535 √ 

Methyl methacrylate 522  

Acetic anhydride 504 √ 

Sorbitol (hexahydric alcohol) 458  

Propylene glycol 447 √ 

Citric acid 347  

n-Butyl acetate 338  

Formic acid 328 √ 

Ethyl acetate 322 √ 

Methyl ethyl ketone 300 √ 

2-Butanol 285  

Iso-butyraldehyde 255  

Chloroacetic acid 235 √ 

1,4-Butandiol 210  

Phthalic acid 180  

Maleic anhydride 176 √ 

Pentaerythritol 159  

Benzoic acid 153  

Isobutanol 138  

Nonyl phenol 132  

Para-formaldehyde 117  

Propionic acid 112 √ 

Methyl isobutylketone 109 √ 
N.B. The selection as an illustrative process was not a unanimous TWG decision. 

[UBA (Germany), 2000 #89] based on Standard Research Institute (SRI) data, Directory of Chemical Products 

Europe, Vol. II, 1996. 
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3.2.2.1 Alcohols 
 

(i) Ethylhexanol 

 

2-Ethylhexanol is mainly used as the alcohol component in the manufacture of ester plasticisers 

(especially di-2-ethylhexyl phthalate – DOP) for soft polyvinyl chloride. The second largest 

application is the production of 2-ethylhexyl acrylate which is used to manufacture coating 

materials (especially emulsion paints), adhesives, printing inks, impregnating agents and 

reactive diluent/cross-linking agents. In addition, 2-ethylhexyl nitrate is a cetane number 

improver and 2-ethylhexyl phosphates are used as lubricating oil additives. It is also used to 

make surfactants (anti-foaming agents, dispersants, flotation agents) and as a solvent (for 

polymerisation catalysts and in extracting agents). The worldwide production capacity is some 

3000 kt/yr. Some 1020 kt/yr is produced in the European Union at three plants in Germany (740 

kt/yr) and one plant each in France (125 kt/yr), Sweden (125 kt/yr) and Spain (30 kt/yr) [UBA 

(Germany), 2000 #92]. 

 

Butyraldehyde (butanal) is the main feedstock for the 2-ethylhexanol process and is normally 

produced on the same installation. The manufacture of butyraldehyde is by the oxo synthesis 

route (hydroformylation of propylene and CO/H2 synthesis gas). This is an exothermic 

gas/organic liquid phase reaction using a homogeneous cobalt catalyst at 130-150 ºC and 

100-300 bar. The high demands on the purity of 2-ethylhexanol products place similar purity 

demands on the butyraldehyde raw material. Isobutyraldehyde is formed to a greater extent 

(with cobalt catalysts) or a lesser extent (with rhodium catalysts) during hydroformylation and 

must be separated to prevent mixed aldolisation. The subsequent production of 2-ethylhexanol 

from butyraldehyde involves four main stages: 

 

1. Aldolisation and dehydration: The aldol condensation of butyraldehyde raw material to 2-

ethylhexenal proceeds rapidly in the presence of an aqueous sodium hydroxide catalyst. The 

ensuing dehydration of the hydroxyaldehyde is conducted promptly because the aldol is 

unstable and can impair the product quality and yield. Local overheating in the reaction mixture 

must be avoided, as this may cause secondary reactions that decrease yields, and thorough 

mixing is required. The ratio of aldehyde to aqueous sodium hydroxide solution is in the range 

of 1:10 to 1:20. The aqueous/organic liquid phase reaction may take place in a mixing pump, a 

packed column or a stirring vessel. The various processes operate at a temperature of 80–150 ºC 

and pressures below 0.5 MPa to give conversion rates of > 98 %. The heat of the aldolisation 

reaction may be used for steam generation (e.g. 120 kg steam/t butyraldehyde) although this is 

only possible when the process is run close to 150 °C (and this is not common). 

 

2. Phase separation and purification: The reaction mixture is separated into an upper organic 

phase (the intermediate product 2-ethylhexenal) and a lower aqueous phase (containing the 

aldolisation solution). The 2-ethylhexenal is washed with process water to remove sodium 

hydroxide (giving a waste water stream) and then purified by distillation. The water content of 

the product is decreased by fractional condensation to decrease energy demand at the following 

vaporisation. Most of the aqueous aldolisation solution can be recycled but the rest must be 

removed from the system via a side-stream because the aldolisation solution becomes diluted by 

water that is produced in the reaction. This bleed also removes the aldolisation by-products. The 

bleed has such a high COD value that pretreatment is required when the efficiency of the 

biological treatment is low (COD removal < 90 %). Suitable pretreatment methods are 

oxidation, acid treatment/filtration, and extraction (which allow partial recycling of valuable 

products). 

 

3. Hydrogenation: The unsaturated organic product (2-ethylhexenal) from the phase separator 

can either be hydrogenated in a single stage (e.g. fixed nickel or copper catalyst) or in several 

stages (a combination of gas–liquid phases, or liquid–liquid phases in sump phase or trickle-bed 

reactor). The hydrogenation stage achieves a conversion of 100 % and a selectivity of > 99 %. 

The heat of reaction for the hydrogenation of the C=C double bond and the aldehyde group is 

relatively high (178 kJ/Mol) and enables energy recovery through steam generation. The 
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temperature must be controlled to prevent any local overheating that would decrease yields. 

With single-step hydrogenation, remixing with the hydrogenation product has been proposed to 

dissipate heat (150–200 ºC) and, in contrast to other processes, medium pressure is initially 

necessary to ensure adequate conversion. Modern plants normally utilise two stages to remove 

residual amounts of carbonyl compounds and to ensure that high-grade 2-ethylhexanol is 

obtained. An initial gas phase reaction is followed by a liquid phase reaction. Nickel, copper or 

mixed systems are preferred as heterogeneous hydrogenation catalysts. Optimisation of the 

catalyst increases efficiency by high selectivity, easier separation of by-products (giving energy 

savings) and extending catalyst life (> 2500 t product/ t catalyst) which reduces waste. Reaction 

takes place with a hydrogen excess and this is recycled. A higher purity of hydrogen (99.9 

vol % instead of 97.5 vol %) may reduce waste gas volumes from about 1.3 m
3
/t to about 0.05 

m
3
/t ethylhexenol. 

 

4. Distillation: Fractional distillation of the hydrogenation product normally takes place in three 

stages. In the first stage, the light ends are separated at the head and can be employed for the 

manufacture of 1-butanol. In the second stage, pure 2-ethylhexanol is collected at the head. In 

the third stage, the recyclable intermediate fractions are separated from the heavy oil (which 

may be used for heating purposes). 

 

Process variants: The Aldox process is a process variant where the aldolisation and oxo 

reactions have been combined into a single step [Weissermel & Arpe, 1993 #59]. This is used 

by Shell in the US and Exxon in the US and Japan. Adding co-catalysts, such as compounds of 

Zn, Sn, Ti, Al, or Cu or KOH, to the original oxo catalyst allows the three reaction steps (i.e. 

propene hydroformylation, aldol condensation and hydrogenation) to take place simultaneously. 

In addition to the KOH co-catalyst, Shell also uses a ligand modified hydroformylation catalyst 

in their Aldox process. 

 

Consumption: The raw materials required to make one tonne of 2-ethylhexanol are: 1145 kg of 

100 % butyraldehyde, 360 m
3 

hydrogen and 1 kg nickel or copper catalyst. The yield is 

> = 98 %. 

 

Environmental issues  

 

Air: Waste air from hydrogenation and the storage of intermediate products can be incinerated 

or combusted in the site power plant. The waste gas stream from the storage of the final product 

(filling process) may be emitted to atmosphere without treatment. The estimated maximum loss 

is 4g total C per tonne of product. 

 

Water: Waste water is mainly reaction water from the aqueous aldolisation step and process 

water from washing the intermediate product 2-ethylhexenal. The typical rate of effluent 

production is 0.15–0.2 m
3
/t of product. C4 compounds (mainly n-butyraldehyde and sodium 

butyrate) constitute roughly 50 % of the effluent organics and the remainder is C8 compounds 

(or C > 8). These give an effluent with acute toxicity to fish (LID=32 - 45) and COD of < 50 g/l 

(10 kg COD /t product). Waste water shows moderate biodegradability in municipal waste water 

treatment plants, which can reduce the COD of process water by 60 % and the reaction water 

COD by > 90 %. This is sufficient to eliminate toxicity to fish. To improve the elimination of 

COD, the waste water may be pretreated using neutralisation with sulphuric acid and phase 

separation (to give a 40 % COD reduction), and extraction with 2-ethylhexanol combined with 

distillation to recover the 2-ethylhexanol (giving 75 % COD reduction for the total 

pretreatment). The organic load is reduced to 0.4 kg COD/t product after pretreatment and 

biological treatment (total elimination 95 %). A similar performance can be obtained by 

minimising the waste water stream by optimising the washing step and treatment in an adapted 

waste water plant. Energy may be gained by incineration of the extract. In a Swedish plant, the 

waste water treatment involves decantation, stripping, biological treatment in biorotors, 

sedimentation and sand filtration; reducing the organic load by more than 99 % [SEPA, 2000 

#76]. 
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Wastes: Generally few or no wastes for disposal. Wastes from the last fractionation step 

amount to < 50 kg/t product and are combusted to recover their energy value. Copper and nickel 

from used hydrogenation catalyst amount to < 0.4 kg/t product and are recovered 

 

(ii) Bisphenol Acetone (BPA) 

 

Also known as bisphenol A or 4,4-isopropyllidenediphenol, BPA is a raw material for the 

production of polycarbonate and epoxy resins. BPA is produced by the condensation reaction of 

phenol and acetone by two process variants: [InfoMil, 2000 #83] 

 

BPA Route 1: The catalysed reaction of acetone and phenol takes place in a phenol-excess to 

maximise acetone consumption. The reaction product consists of BPA, BPA-isomers, BPA-

oligomers, phenol, hydrogen chloride and water. The hydrogen chloride catalyst is recovered by 

distillation, and this also creates a waste water stream. Further distillation recovers phenol. 

BPA, BPA isomers and BPA oligomers are then removed with hot toluene solvent to leave a by-

product of heavy tar. Cooling of the remaining liquid causes BPA to crystallise out and enables 

separation from the liquid in a centrifuge. Wet powder from the centrifuge is melted and 

vacuum-stripped of toluene. Toluene from the centrifuge and stripper is recovered as a light tar 

by-product (BPA-C). The melt is prilled to give a final product of BPA pellets. 

 

Environmental issues  

 

Air: HCl from the acid gas scrubbing system. Phenol from the phenol vent gas scrubber. 

Toluene from the toluene vent gas scrubber and prill tower. Toluene-containing gas from the 

transportation and storage of BPA pellets. Flue-gas emissions from the hot oil furnace. 

 

Water: Water reaction product is separated by distillation, neutralised with caustic and treated 

centrally. 

 

Wastes: No specific wastes as tar streams are reused by customers. 

 

Energy: The reaction is exothermic. 

 

BPA Route 2: In this route, BPA is also produced by the catalytic reaction of acetone with 

excess phenol, but is crystallised and further processed without the hot toluene purification step. 

Acetone conversion is nearly 100 % and avoids the formation of by-products in the subsequent 

column. The reaction product consists of BPA, BPA-isomers, phenol and water. BPA is 

crystallised out of the mix by cooling, and is then separated by filtration. BPA from the filter is 

flash-stripped of residual phenol. The molten BPA is prilled to give the final product. Liquid 

from the filter (consisting of phenol, BPA, BPA isomers and heavy ends) is sent to a recovery 

unit where BPA isomers are isomerised into BPA and recycled to the main crystallisation unit. 

A purge stream in this section removes the heavy ends (tars) for incineration. 

 

Environmental issues  

 

Air: Light ends arise from the phenol vent gas scrubber and are incinerated. When methyl 

mercaptan is used as a catalyst, the off-gas is flared. Waste gas from the prill tower contains 

small amounts of solid BPA that require filtration. Phenol-containing gas from the 

transportation and storage of BPA flakes. 

 

Water: Water reaction product is washed in a special unit (distillation towers and strippers) to 

recover dissolved phenol and acetone, and is then treated biologically. 

 

Wastes: Heavy ends burnt in an incinerator. 

 

Energy: The reaction is exothermic. 
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(iii) Ethanol 

 

Most industrial ethanol is manufactured by the vapour phase hydration of ethylene over a solid 

phosphoric acid catalyst supported on porous clay beds at around 240 ºC and 68 barg. The 

reactor product is scrubbed with water to separate the ethanol. Unreacted ethylene is recycled. 

Ethanol is obtained from its aqueous solution by a series of distillations, followed by azeotropic 

distillation with benzene [Environment Agency (E&W), 1999 #7]. Alternative ethanol 

production routes are the indirect hydration of ethylene with H2SO4, and alcoholic fermentation 

[Austria UBA, 2000 #96]. 

 

Environmental issues  

 

Air: Hydrocarbons from process vents. 

 

Water: Caustic effluent from washing of the aqueous product prior to distillation and 

phosphates from the distillation process. The reactors are copper-lined and at each reactor 

catalyst regeneration there is a surge of copper in the aqueous effluent. 

 

Wastes: Organic solvents, phosphoric acid and phosphates from spent catalyst. 

 

Energy: 

 

(iv) Bioethanol 

Bioethanol 

Uses  Motor fuel, additive for gasoline. Alcoholic beverage. Solvent 

Sugars (alcoholic) Fermentation 

Prevalence Accounts for approx. 75 % of production within the EU. Large-scale ethanol 

production in Europe would rely mostly on wheat source. 

Summary Bioprocess: microbial (yeast) fermentation of sugars,  

C6H12O6 + yeast → 2C2H5OH + 2CO2+ heat 

followed by distillation, dehydration, and denaturing (optional) 

Process 

options 

 Sugar to ethanol is the common and simplest route 

 Starch crops require hydrolysis of carbohydrates to obtain glucose. 

Enzymes are used to convert starch into sugar 

 (C12H22O11 +H2O + enzyme →2 C6H12O6) 

 Ligno-cellulosic feedstock require biochemical conversion of 

hemicellulose into sugars (saccharification of cellulose at demo stage) 

 Ethanol may also be produced industrially from ethylene. Addition of 

water to the double bond converts ethene to ethanol: 

   C2H4 + H2O → CH3CH2OH 

in the presence of an acid which catalyses the reaction, but is not consumed 

Yield  Each gram of glucose can produced 0.51 g of ethanol +0.48g of CO2 

 280 litres of ethanol are produced from one m
3
 of corn 

 9–12 % alcohol solution is obtained in fermentation reactors  

Proprietary 

processes 

 Cargill, Abengoa, Tereos, Ineos, Novozymes, Genecor, Diversa  

Co-products  CO2+biomass+ 2 mol of adenosine triphosphate (ATP) per mole of 

glucose  

 DDGS (dried distillers grains with solubles: fibre, protein) that can be 

used as feed for livestock. 320 kilograms of DDGS per t/maize. Animal 

feed that would contain phosphorous and end in soil (manure) 

 Higher organic alcohols (fuel oils such as propanediol) 

By-products  Organic acids  

 At low ethanol yield: formation of small amounts of by-products such as 

glycerol and succinate,  

 Sugar beet process: sugar beet pulp+dried slop (animal feed or fuel) 

 Wet milling generates germ (50 % oil) 
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Bioethanol 

 When hydrolysis is required: hexose may be obtained as by-product 

Raw 

materials 

 sugar cane, corn, wheat, sugar beet, barley, bagasse, switchgrass, hemp, 

kenaf, potatoes, sweet potatoes, cassava, sunflower, fruit, molasses, 

stover, grain, wheat straw, cotton, other biomass,  

Energy  10-20 MJ/litre (low value are modern dry mill technology) 

 Purification of ethanol via distillation is energy-intensive. 

 Milling is also intensive. Dryers+pelletiser of DDGS and cookers also  

 Starch-based route consumes more energy 

 Recovery: CHP opportunities since process heat is required at low 

temperature; biogas from digester in WWT. 

 New high-pressure distillation systems have reduced steam consumption 

by 40 % (3.0–4.2 kg of steam for every litre of 96 vol % ethanol). Energy 

costs can be reduced by up to 80 % in low-pressure distillation columns by 

using a vapour recompression system 

Use of a thermo-tolerant yeast and cellulolytic enzymes in a combined 

saccharification fermentation process is an advantage because the optimum 

temperature for the hydrolysis of cellulose is 45–50 ºC, and cooling 

problems can be simplified during large-scale fermentation. 

Air VOCs are produced during fermentation, distillation and drying. Thermal or 

catalytic oxidisers can be used 

Membrane technology to recover hexane 

 CO2 is generated in fermentation, dryer stack also generates CO2 

 Dust (PM10) formed during the raw material delivery, handling, milling or 

drying  

 Combustion from boilers in the plant generates CO, NOX, SOX 

 If co-product drying is in place, carbon monoxide may also be a result.  

 Other from auxiliary systems: hydrogen sulphide and VOCs released from 

the WWT, PM10 from the cooling towers, fugitive PM10 and VOC 

emissions from haulage road traffic and equipment leaks. Potential VOC 

evaporative loss from wet distillers' grains storage pile  

 (dry fractionation) Most fractionation systems separate the corn kernel 

into three main components: starch (endosperm), germ, and bran. By 

removing non-fermentable material from the fermentable starch in the 

kernel before the corn enters the ethanol process, the plant can improve 

throughput while reducing the use of organics in fermentation, thus 

generating less VOC emissions (about 10 % less). 

Water  Most consumption (70 %) related to energy production: the boiler system 

that drives the plant and cooling of process water and equipment. The rest 

(29 %) is fermentation process, feed treatment and cooling 

  ~4 kg water withdraw/kg ethanol produced 

Anaerobic digesters are preferred since load is primarily organic, e.g. cane 

wash water with high COD, BOD 

Waste   Spent molecular sieves, spent membranes, dry yeast from fermentation 

(batches); WWT sludge,  

 See co-products and by-products 

Odour   Thermal oxidiser commonly required 

High-boiling organic can be odorous. 

Other  Public concern on GHG avoidance overall compared to fossil feedstock fuel 

 

(v) Isopropyl Alcohol (Isopropanol) 

 

Isopropyl alcohol is produced by indirect or direct hydration.  

 

 The indirect hydration of propylene/propane using sulphuric acid as a homogeneous 

catalyst produces isopropyl alcohol and four other solvents (di-isopropyl ether, dimethyl 

ketone, secondary butyl alcohol, and methyl ethyl ketone). Propylene and butylenes in 
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mixed C3 streams and mixed C4 streams are reacted with 70–75 % sulphuric acid to 

form the corresponding alkyl sulphates, which are subsequently hydrolysed to the 

corresponding alcohols. The related ethers are formed as by-products. The crude 

alcohols are purified by distillation to give an isopropyl alcohol azeotrope with water 

and a relatively pure secondary butyl alcohol. These may be sold or converted to the 

related ketones by dehydrogenation over a brass catalyst [Environment Agency (E&W), 

1999 #7] [InfoMil, 2000 #83]. 

 

Environmental issues  

 

Air: Oxides of carbon, oxides of nitrogen and oxides of sulphur from the incineration of waste 

process gases; hydrocarbons from tank vents, strippers, condensers and reaction time tanks; 

isopropyl alcohol from the cooling tower; chromium from the incineration of solvent slops; 

nickel from the incineration of caustic sludge. 

 

Water: Alcohols, ketones, furfural, copper and zinc from aqueous interceptor discharges, spent 

sulphuric acid and caustic soda. 

 

Wastes: Spent brass catalyst if not regenerated; ash from the incinerator. 

 

Energy:  

 

 The direct hydration of propylene uses a heterogeneous catalyst either in the vapour 

phase, the liquid phase or a vapour liquid mixture. The propylene feed is purified first 

by distillation to remove propane. Propylene is then hydrated in the vapour phase. The 

major by-product is di-isopropyl ether, but other by-products include n-propanol, 

acetone, hexanol and low-molecular weight polymer. The reaction takes place at 

approximately 180 ºC and 34 barg over a catalyst of 42–46 % phosphoric acid on 

porous clay beds. The product is water-scrubbed to separate the isopropyl alcohol. 

Unreacted propylene is recycled, a purge being taken to prevent propane build-up. 

Isopropyl alcohol is purified by distillation, finally azeotropically using cyclohexane as 

an entrainer [Environment Agency (E&W), 1999 #7]. 

 

Environmental issues  

 

Air: Hydrocarbons from tank and process vents; fugitive releases of hydrocarbons. 

 

Water: Propanols, organic phosphates and inorganic phosphates from water wash. 

 

Wastes: Phosphoric acid and phosphates as spent catalyst. 

 

Energy: 

 

(vi) Methanol 

 

Methanol is used as a solvent and as a feedstock for the production of formaldehyde, acetic acid, 

and MTBE. Methanol is formed by the catalytic conversion of synthesis gas (carbon monoxide, 

carbon dioxide and hydrogen). Synthesis gas is formed, with the help of a catalyst, through the 

catalytic cracking of natural gas (steam reforming) [InfoMil, 2000 #83]. High and low pressure 

versions of the process exist [Austria UBA, 2000 #96]. 

 

Environmental issues  

 

Air: Waste gases are flared. The main emissions are carbon dioxide and nitrogen oxides. NOX 

emissions can be reduced by cutting steam production. 

 

Water: Biological treatment. Effluent contains inorganic chlorine compounds. 
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Wastes: Wastes are recycled or incinerated. 

Energy: Self-supporting process (energy neutral). 

 

(vii) Oxo alcohols 

 

The oxo alcohols range from C4 butanols to C20 alcohols, and they are produced by 

hydroformylation or carbonylation/hydrogenation [Environment Agency (E&W), 1999 #7]. For 

example, olefins and synthesis gas are catalytically reacted to form aldehydes, which are then 

hydrogenated to oxo alcohols. The by-products are a light oxo alcohol fraction (used as fuel) 

and a high oxo alcohol fraction (that is cracked to recover oxo alcohols) [InfoMil, 2000 #83]. 

 

 In the manufacture of normal butyl alcohol by hydroformylation, synthesis gas and 

propylene are reacted over a catalyst at 170 ºC and 70 barg. Unreacted propylene and 

synthesis gas are removed and the resultant mixture of catalyst in alcohol is distilled to 

separate the normal butyl alcohol from isobutyl alcohol.  

 

 The C7-C15 alcohols are produced by reacting the respective olefins and synthesis gas 

over a catalyst at 180–200 ºC and 50 barg. After the depressuring and recycling of 

evolved gas, the crude product is distilled under vacuum. The crude alcohol is treated 

with caustic soda to saponify formate by-products, water-washed and then distilled to 

remove unreacted olefins, by-product paraffin hydrocarbons and heavy fractions. The 

alcohols are hydrogenated at an elevated temperature and pressure over a nickel catalyst 

to remove the traces of aldehydes. 

 

Environmental issues  

 

Air: Oxides of carbon, oxides of nitrogen and oxides of sulphur from the incineration of process 

waste gases and plant ejector vents. n-Butanol and mixed hydrocarbons from plant ejector vents 

and sludge incineration. 

 

Water: Suspended solids, butanols, aldehydes and butyl formate from contaminated process 

aqueous effluent. 

 

Wastes: Zinc oxide, cobalt, molybdenum, chromium oxide, iron oxide, copper oxide and 

activated carbon from the desulphurisation and converter catalysts and activated carbon 

absorbers. 

 

Energy:  

  

In the carbonylation/hydrogenation route, the liquid olefins are reacted with carbon monoxide 

and hydrogen at 145 ºC and 260-270 barg to give liquid aldehydes and by-products including 

heavy ends. The aldehydes are separated from the carbon monoxide and hydrogen, vaporised 

with hydrogen and then hydrogenated to give the corresponding alcohol. The alcohol is cooled, 

separated from the hydrogen and purified by distillation to remove unreacted olefins, methanol, 

water and heavy ends. 

 

Environmental issues  

 

Air: Oxides of carbon from the catalyst let-down vessels and reactor blowdown. Alcohols from 

hydrorefiner vents. 

 

Water: Hydrocarbons in ejector condensate. Methanol in wash waters. 

 

Wastes: Spent catalyst. 

 

Energy: 
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(viii) Propylene Glycol 

 

Propylene glycol is used as a solvent and in organic synthesis. It is produced by the hydration of 

propylene oxide (PO) with water to form monopropylene glycol and dipropylene glycol (MPG 

and DPG). Before the reaction, the PO is purified (washed) with caustic soda. The by-products 

are tri-propylene glycol and higher compounds. Through distillation, the different products are 

separated (MPG and DPG are side-streams of the column). The top and bottom stream of the 

distillation column are externally reprocessed to products [InfoMil, 2000 #83]. 

 

Environmental issues  

 

Air: The main emission is carbon dioxide. 

 

Water: A caustic soda solution arises and is directed to the waste water treatment plant or is 

externally incinerated. 

 

Wastes: Acids and bases treated in biological waste water treatment plant. 

 

Energy: Exothermic process with energy recovery. 

 

(ix) Tertiary Butyl Alcohol 

 

TBA is a raw material for the production of MTBE. TBA can be produced by the direct 

hydration of isobutene (C4H8 + H2O); the indirect hydration of isobutene (C4H8 + H2SO4); or as 

a by-product during the production of propylene oxide (Oxirane process) (C3H6 + C4H10 + O2) 

[Austria UBA, 2000 #96]. TBA is also formed by the air oxidation of isobutane, with the 

tertiary butyl hydroperoxide (TBHP) by-product being further reacted with propylene to 

produce TBA and propylene oxide [InfoMil, 2000 #83]. 

 

Environmental issues  

 

Air: 

 

Water: No significant emissions identified. Waste water is biologically treated. 

 

Wastes: 

 

Energy: Endothermic process. 

 

3.2.2.2 Aldehydes and ketones 
 

In addition to the description of the formaldehyde process in Chapter 10, other aldehydes and 

ketones include: 

 

(i) Acetalhdehyde 

 

Acetaldehyde is produced by the oxidation of ethylene or C3/C4 alkanes, or by the oxidative 

dehydrogenation of ethanol [Austria UBA, 2000 #96]. The oxidation of ethylene is performed in 

aqueous solution with homogeneous catalysis with Cu or Pd chlorides. The one-step process 

leads to chlorinated by-products (chloroacetaldehyde) which are easily degraded/hydrolysed by 

biological treatment. The two-step process leads to considerable concentrations of non-

degradable chlorinated substances, which can be effectively pretreated by hydrolysis. 

 

(ii) Acetone 
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Acetone can be produced by the oxidation of propylene (C3H6 + ½ O2); the dehydrogenation or 

oxidation of isopropanol (C3H7OH); or by co-production in the Cumol process for phenol 

production (iso-propylbenzene + O2) [Austria UBA, 2000 #96]. 

(iii) Cyclohexanone/ol 

 

Cyclohexanone/ol is produced catalytically by the oxidation of cyclohexane. By-products are 

adipic, glutaric and succinic acid (C1-C5 acids). The intermediate reaction product 

(cyclohexylester) is decomposed with water. The aqueous phase from this hydrolysis contains 

water-soluble organic acids and the catalyst (‘acid waste water stream’). The organic phase is 

washed with NaOH to decompose esters and peroxides, giving an ‘alkali waste water’. The 

reaction mixture is further purified by distillation. In new installations, cyclohexanone/ol is 

produced by the hydrogenation of phenol.  

 

Environmental issues  

 

Air: 

 

Water: The catalyst is recycled from acid waste water stream by crystallisation and can be 

improved by pretreatment with wet oxidation or extraction (to reduce high organic load). 

Another option is the recovery of by-product organic acids and incineration of the remaining 

aqueous residue. The alkali waste water is treated (optional recovery of organic acids), giving a 

residue which is incinerated. The remaining waste water is treated biologically with high 

efficiency (> 90 % COD elimination). 

 

Wastes: 

 

Energy: 

 

(iv) Methyl Ethyl Ketone (MEK) 

 

MEK is produced by the catalytic dehydrogenation of 2-butanol (C4H9OH) [Austria UBA, 2000 

#96]. 

 

(v) Methyl Isobutyl Ketone 

 

Methyl isobutyl ketone, or hexone, is produced by the self-condensation of acetone followed by 

hydrogenation on a palladium catalyst in the presence of an ion exchange resin. 

 

3.2.2.3 Carboxylic acids 
 

(i) Acetic Acid 

 

Acetic acid can be produced by three routes:  

 

A. Acetaldehyde oxidation occurs catalytically in air in the presence of manganese acetate at 

50–80 ºC and 10 barg. The oxidation reaction product is distilled to remove gases, including 

unreacted acetaldehyde, methyl acetate, acetone, carbon monoxide, carbon dioxide and 

nitrogen. Crude glacial acetic acid is obtained, with impurities of formaldehyde and formic acid. 

Final purification of the acid involves distillation in the presence of potassium permanganate, 

sodium dichlorate or other oxidants. 

 

B. The liquid phase catalytic oxidation of light hydrocarbons occurs in air at 150–200 ºC and 

40–50 barg. The aqueous reaction product is purified in a series of distillation columns 

producing acetic, formic and propionic acids and acetone. Lean off-gas from the reactor is dried 

and recovered in activated carbon beds. The remaining gas is combusted. 

 

Environmental issues  
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Air: Light hydrocarbon off-gas from the activated carbon beds/thermal destruction system. 

Acetic acid, acetaldehyde, acetone, carbon monoxide and other organics from vacuum pump 

discharges. Scrubbed vent gases from the acetone recovery unit containing acetone, methyl 

acetate, benzene, acetic acid, methyl ethyl ketone, esters, methanol and some high-boiling 

components. Special control techniques may include thermal oxidation of the reactor off-gas, 

including recovery of heat and power by use of off-gas expanders and waste heat recovery. 

 

Water: Acetic acid, ketones, methanol and acetaldehyde from vacuum systems. Final residues 

of butyric and succinic acids; aqueous streams from the distillation unit. Water from acetone 

recovery unit containing methanol, ethanol and traces of acetone and sodium salts. Discharge 

from hydro-extractive distillation of propionic acid contains propionic acid, acetylacetone and 

2,4-hexadiene. 

 

Wastes: Waste from dryers, activated carbon beds and catalyst systems. Corrosion products 

containing a glass lead mixture contaminated with nickel oxalate and oxides of chromium and 

iron. 

 

Energy: 

 

C. Methanol carbonylation can use vessels constructed in Hastelloy C and at pressures of 700 

barg with copper/cobalt catalyst systems in the presence of iodine. The alternative is to use 

rhodium/phosphine complexes as the catalyst system and hydrogen/methyl iodide as the 

promoter at pressures of 33–36 barg and temperatures of 150–200 ºC. Purification involves 

multiple distillations to remove the catalyst mixture, water, mixed acids and other impurities. 

 

Environmental issues  

 

Air: High-pressure off-gas from the reactor, which is absorbed and scrubbed in a light ends 

recovery system, before venting to a thermal destruction unit, and which contains small 

quantities of hydrogen iodide. Flared light ends from the first two distillation columns that pass 

via a low-pressure absorber system containing chilled acetic acid before being vented to a 

thermal destruction unit, again containing small quantities of hydrogen iodide. Special control 

techniques may include off-gas scrubbers, using methanol or acid that is recycled back to the 

process. 

 

Water: Liquor from iodine scrubber during catalyst addition. Liquor from the final column light 

end scrubbers contaminated with acetic acid. 

 

Wastes: Heavy fractions from the heavy acids column (comprising propionic and acetic acids 

together with potassium salts and catalyst). 

 

Energy: 

 

(ii) Acrylic Acid 

 

Acrylic Acid (prop-2-enoic acid) 

Uses   Intermediate in the production of acrylates 

Oxidation of Propene 

Prevalence Accounts for XX% of production within the EU 

[Request to TWG: Figure above unknown] 

Summary Heterogeneous catalytic oxidation of propene in the vapour phase 

(2CH2CHCH3 + 3O2 -> CH2CHOOH + H2O) with air and steam.  

Process 

options 

 The oxidation can be conducted in a single stage, or in two stages via 

acrolein. 

 Acryclic acid can be absorbed into either water or a high-boiling 

(> 160°C) organic solvent such as biphenyl or diphenyl ether. 

 Acrylic acid that is absorbed in water is subsequently extracted into an 
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Acrylic Acid (prop-2-enoic acid) 

organic solvent that either has a lower boiling point than acrylic acid (light 

solvent) or one that has a higher boiling point than acrylic acid (heavy 

solvent).  

Yield  Single stage route gives a maximum yield of 60 %.  

 The use of a two-stage oxidation allows the operating conditions for each 

stage to be optimised for selectivity and yield, thereby giving better yields. 

A first stage yield of > 85 % (for both acrolein and acrylic acid), and a 

second stage yield of > 99 % (acrolein conversion) can be achieved.  

 The use of a high-boiling organic solvent to absorb acrylic acid can result 

in lower yields due to higher losses of acrylic acid in vent gases. 

 The use of a heavy extraction solvent after water absorption can result in 

poor product quality. 

Proprietary 

processes 

 [Request to TWG: Please provide information.] 

Co-products  The process proceeds via acrolein, which is toxic. 

By-products  As acrylic acid is readily polymerised, inhibitors (such as hydroquinone) 

are often used, and distillation columns are normally operated at reduced 

pressure (in order to reduce columns' temperature profiles). 

 Acetic acid. 

Raw 

materials 

 Organic solvents are required for the absorption of acrylic acid in the 

reactor gas  

Energy  The reaction is exothermic, and heat can therefore be recovered from the 

reaction gases (e.g. to generate steam). 

 It might be possible to substitute reactor vent gas for fresh steam.  

 Absorption of acrylic acid into a high-boiling organic solvent results in 

lower energy consumption, as the energy demand of waste water stripping 

and solvent drying is avoided.  

 The use of a heavy extraction solvent uses less energy as it does not need 

to be distilled.  

Air  The reactor gas that remains after the absorption of acrylic acid needs to 

be vented; as it may contain the toxic acrolein, it should be incinerated 

before being released. 

 The use of a high boiling organic solvent for acrylic acid absorption will 

give a waste reactor gas stream that contains higher levels of acrylic acid, 

and which is also likely to contain some of the absorption solvent. 

Water  High-boiling organic solvents such as biphenyl and diphenyl ether are 

both dangerous for the environment. 

 The use of water to absorb the acrylic acid will result in an aqueous waste 

stream – this should be stripped of solvents, and then subjected to 

biological treatment or incineration. 

Waste   The catalysts used for single-stage oxidation have a relatively limited life 

expectancy and therefore need to be replaced frequently. 

 Catalysts employed for converting propene to acrolein have long 

lifetimes, perhaps only requiring replacement after 10 years of use. 

 The final isolation of acrylic acid by distillation produces a heavy fraction 

that can be used as a fuel. The quantity can be minimised (and the yield 

maximised) by converting acrylic acid dimer to monomer, which can be 

returned to the process.  

Odour   Acrolein has a powerful odour. 

 High-boiling organic solvents can be odorous. 

 Some candidate light organic solvents for acrylic acid extraction (e.g. 

butyl acetate, 2-butanone) have characteristic odours. 

Other   
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(iii) Adipic Acid 

 

The commercial manufacture of adipic acid is achieved in two stages. In the first stage the 

oxidation of cyclohexane, or the hydrogenation of phenol, gives a cyclohexanone/cyclohexanol 

mixture (known as ketone alcohol). In the second stage, ketone alcohol is catalytically (copper, 

vanadium salts) oxidised with nitric acid. By-products are glutaric and Bernstein acid. Nitrous 

oxides, especially N2O. NOX are stripped with air, giving a waste gas stream. Water is removed 

from the reaction mixture by distillation giving a waste water stream. Adipic acid is isolated and 

purified by two-stage crystallisation/centrifugation and washing with water.  

 

In the past, several manufacturers used air oxidation (rather than nitric acid oxidation) of ketone 

alcohol to produce adipic acid. However, this process produced low quality adipic acid and is 

not a commercial option. Research into a butadiene carbonylation process (which does not 

produce N2O emissions) was abandoned due to excessive costs. 

 

Environmental issues  

 

Air: The process releases substantial quantities of nitrous oxide (N2O) from the stripping 

columns and crystallisers (estimated at 300g N2O per kilogram of adipic acid produced - 

Thiemens and Trogler, 1991). This N2O-rich off-gas can be reused in two ways:  

 

 by burning at high temperatures in the presence of steam to manufacture nitric acid (this 

utilises the N2O off-gas and also avoids the N2O generated in nitric acid production); or  

 by using N2O to selectively oxidise benzene to phenol. A US company suggests that 

replacing its existing thermal off-gas treatment with this alternative can reduce 

production costs by 20 %. 

 

If N2O is not reused, the two most widely used end-of-pipe techniques are catalytic 

decomposition and thermal destruction: 

 

a) Catalytic decomposition uses metal oxide catalysts (e.g. MgO) to decompose the N2O 

into N2 and O2. Heat from the strongly exothermic reaction may be used to produce 

steam. The catalyst typically needs to be replaced twice a year. A simpler, once-through 

version of the technique is being piloted in the United States.  

b) Thermal destruction involves combustion of the off-gases in the presence of methane. 

The N2O acts as an oxygen source and is reduced to nitrogen, giving emissions of NO 

and some residual N2O. The combustion process can be used to raise steam. The heat of 

N2O decomposition, combined with fuel energy, helps provide low-cost steam.  

 

Table 3.2 gives an overview of the techniques implemented in Europe and their efficiency. 

Reducing furnace technology was developed by Bayer and operation started in 1994. The other 

German manufacturer, BASF, installed a catalytic system at their Ludwigshafen plant in 1997. 

In June 1998, the French company Alsachimie, a subsidiary of Rhodia, brought a system on-

stream to convert N2O to nitric acid at their Chalampe site. 

 

The costs of catalytic decomposition and thermal destruction are broadly similar. Reusing N2O 

to manufacture nitric acid can be a cost-effective option in some circumstances. Table 3.3  gives 

an indicative calculation of abatement costs based on the reported capital costs for a German 

plant.  

 

Other emissions: Adipic acid particulates from drying and handling. Other organics from 

feedstock, absorbers and purification columns on the KA section. Caproic, adipic, valeric, 

butyric, propionic and acetic acids (all of which have pungent odours) from acid handling and 

storage. 

 

Water: Cyclohexanone/ol stage: Catalyst and organics from ketone alcohol purification. Oily 

water. Low pH waste streams containing adipic, boric, glutaric and succinic acids with copper, 
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vanadium and sulphuric acid. Special control techniques are ion exchange systems to remove 

inorganic salts, such as copper or vanadium salts from catalysts; evaporation and crystallisation 

to recover boric acid and other by-products. The remaining organic waste water components are 

biologically treated. Organic loads can be reduced by optimised phase-separation and extraction 

with incineration of the organic phase. 

 

Adipic acid stage: The mother liquor from the first centrifugation (of crude adipic acid) is partly 

recycled to the oxidation reactor and a bleed is treated to recover HNO3, catalyst and organic 

acids. Mother liquor and wash water from the second centrifugation are reused in the first 

centrifugation stage. The waste water stream from distillation is treated biologically with high 

efficiency (> 90 % COD elimination). By consequently separating uncontaminated cooling 

water streams, recycling of aqueous waste streams, recovery of HNO3 and changing from 

discontinuous to continuous operation in an existing plant the waste water flow could be 

reduced by 98 % and the COD load by 86 % (Bayer). Emission after biological treatment is < 3 

kg TOC/ t product. 

 

Wastes: Ketone alcohol catalyst from plant cleaning. Non-volatile organic residues and organic 

recovery tails from ketone alcohol production. Wastes arising at shutdown, i.e. tar-contaminated 

sand, oxidiser residues, ketone alcohol sump dredgings. Boric acid sweepings. Caustic wash 

residues. 

 
Table 3.2: Implementation of N2O abatement options at European adipic acid plants 

Country Manufacturer Technique 
Efficiency by 

2000 

Implementation 

date 

UK Du Pont Thermal 94 % 1998 

France Rhodia Conversion to HNO3 98 % 1998 

Germany Bayer Thermal 96 % 1994 

Germany BASF Catalytic 95 % 1997 

     

Source:[Ecofys / AEA Technology, 2001 #150] 

 

 
Table 3.3: Summary of the cost of N2O abatement from adipic acid plants  

Capital cost (million €) 12.8   

Annual costs (million €) 1.3   

Emissions abated per year (tonnes) 55 100   

Cost-effectiveness at discount rate of  4 % 2 % 6 % 

Cost-effectiveness (€/t N2O abated) 44 42 48 

Cost-effectiveness (€/t CO2eq abated) 0.1 0.1 0.2 

N.B. Based on following assumptions 

a) The non-recurring capital cost is 12.8 million € in 1990 (27 million DM in 1995 prices). 

b) Annual recurring costs are assumed to be 10 % of the investment cost. 

c) The option has a lifetime of 15 years. 

d) The plant treats 58 000 tonnes of N2O per year and is effective in removing 95 % of emissions. 

Source:[Ecofys / AEA Technology, 2001 #150] 

 

Energy: 

 

(iv) Carboxylic Acid 

 

Carboxylic acid is used for the production of vanillin, ethyl vanillin, allantoin, ion exchanger 

resins and as a raw material in the pharmaceutical industry. A few different processes for the 

production of glyoxylic acid exist [Austria UBA, 2000 #131]: 

 

 Oxidation of glyoxal: a solution of glyoxal in water is oxidised with nitric acid or with 

nitrogen oxides. In the first separation step, oxalic acid is crystallised at temperatures of 
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approximately 20 ºC. With further cooling to temperatures between –10 ºC and 0 ºC, 

glyoxylic acid crystallises.  

 Oxidation of acetaldehyde: during the oxidation of acetaldehyde for glyoxal production, 

10 % glyoxylic acid is produced. An increase in temperature and higher concentrations of 

nitric acid will provide higher amounts of glyoxylic acid. 

 Oxidation of ethylene: ethylene is oxidised with nitric acid to glyoxylic acid in the 

presence of palladium salt. 

 Ozonolysis of maleic anhydride: the raw material for the production of glyoxylic acid 

with ozonolysis is maleic anhydride. The process uses temperatures between –15 °C and 

–25 °C. By-products are formic acid and carbonic acid. The advantage is that nitric acid is 

replaced by ozone for the oxidation and, thus, less emissions can be expected. The 

disadvantage of this process is the high amount of electric energy necessary for the 

production of ozone. This process route has emissions of: 

 Air emissions: Exhaust gas of the ozonolysis plants is incinerated; 

 Wastes: Liquid by-products, contaminated solvents, and distillation residues from 

the ozonolysis plants may be incinerated. 

 

(v) Chloro-acetic acid 

 

The chlorination of acetic acid produces (mono) chloro-acetic acid. The HCl by-product is 

cooled, condensed and recycled to the reactor, and any residual acidity is removed in a scrubber. 

The di-chloro-acetic acid and hydrogen by-products are converted to mono-chloroacetic acid, 

HCl gas and some unwanted aldehydes (removed in alkaline scrubber). Excess hydrogen is 

vented to atmosphere [InfoMil, 2000 #83]. Waste water contains high loads of chloro-organics 

but is amenable to biological treatment.  See also section 3.2.6. 

 

(vi) Formic Acid 

 

Formic can be produced as a by-product of acetic acid manufacture (a liquid phase catalytic 

oxidation), or from routes based on methyl formate, methyl formate via formamide, or sodium 

formate [Environment Agency (E&W), 1999 #7]. 

 

(vii) Methacrylic acid 

 

Methacrylic acid is manufactured by the acetone cyanohydrin process, or the vapour phase 

catalytic oxidation of isobutylene or tertiary butanol [Environment Agency (E&W), 1999 #7]. 

The acetone cyanohydrin process comprises five stages, starting with the conversion of the 

cyanohydrin to an amide in a stirred reaction vessel. The amide is then hydrolysed to 

methacrylic acid. The methacrylic acid is recovered in a phase separator and purified by 

distillation. Organic material is recovered for recycling and spent acid can be recovered.  See 

also section 3.2.4. 

 

Environmental issues  

 

Air: Vent gases from the by-product acid separator. Vent gases from the reactor and hydrolyser 

containing carbon monoxide, sulphur dioxide, and organic compounds, including methacrylic 

acid. Control techniques include destruction of the fuel-rich vent in a gas burner. 

 

Water: Waste streams from vacuum systems containing organics. Waste water from the 

organics recovery unit. Special control techniques include the recovery of organics from purge 

water. 

 

Wastes: 

 

Energy: 

 

(viii)  Propionic Acid 
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Propionic acid is either manufactured as a by-product of acetic acid production, or by the oxo 

process [Environment Agency (E&W), 1999 #7]. 

 

(ix) Terephthalic Acid 

 

Terephthalic acid is manufactured by first oxidising para-xylene in an acetic acid carrier liquid 

to produce a crude terephthalic acid, followed by selective catalytic hydrogenation of the crude 

product to allow a recovery of pure terephthalic acid. Both the oxidation and the purification 

steps employ crystallisation of the reaction products, followed by solid-liquid separation (using 

a centrifuge or filter) and solids drying to recover pure terephthalic acid from the process 

solvents/by-products. Special control techniques include: the recovery of by-product organic 

acid and catalyst traces as a solid residue; the optimisation of the reactor conditions to minimise 

by-product production; lagoons to cope with peak BOD loads (from equipment washing, or 

process blockages), and incineration of off-gases [Environment Agency (E&W), 1999 #7] 

[InfoMil, 2000 #83]. 

 

Environmental issues  

 

Air: Off-gases from the oxidation stage containing carbon monoxide, acetic acid, methyl 

acetate, para-xylene and methyl bromide. Solvent recovery column vent (containing carbon 

monoxide, methyl acetate, para-xylene and acetic acid). Atmospheric absorber vent (containing 

acetic acid and methyl acetate). Purification plant scrubber containing terephthalic and acetic 

acids. Off-gas dryer vents (containing methyl acetate, acetic acid and para-xylene). 

 

Water: Aqueous condensate from solvent recovery and acetic acid dehydration columns 

containing acetic acid, formaldehyde, methyl acetate, para-xylene and methanol. Waste water 

from purification of the crude terephthalic acid contains para-toluic acid, terephthalic acid, 

benzoic acid and other organic acids, together with manganese and cobalt salts. Aqueous 

condensate from the residue treatment crystalliser steam eductors. Recovery of by-product. 

Biological treatment because of high BOD loads. 

 

Wastes: Filter cake from residue recovery area. 

 

Energy: 

 

3.2.2.4 Esters 
 

(i) Acrylate 

 

Acrylate is produced by the esterification of acrylic acid with different alcohols (e.g. CH3OH or 

C2H5OH) [Austria UBA, 2000 #96]. The highly odorous emissions are minimised by 

incinerating both waste water and waste gas.  See also section 3.2.4. 

 

(ii) Dimethyl Terephthalate (DMT) 

 

DMT is used to produce polyester resins for fibres and photographic film. DMT is produced by 

the oxidation of para-xylene and methanol with concurrent esterification. In the first oxidation 

step, p-xylene is catalytically oxidised with air to p-toluylic acid (PTS) and water. The first 

esterification step converts PTS and methanol to PTE (para-toluylacetic methylester) and water. 

PTE is then oxidised to MMT (mono methylterephthalate) and water. In the second 

esterification step, DMT and water are formed from MMT and methanol. Raw DMT is purified 

by distillation. Methanol used in the DMT production can be recycled from the polymerisation 

step (PET production). The waste water stream may be incinerated but also treated in a waste 

water treatment plant. Even if the reaction is exothermic, a large amount of energy is required to 

keep the process at the right temperature (above the melting point of products). DMT can also 
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be produced by the esterification of terephthalic acid and methanol [InfoMil, 2000 #83] [Austria 

UBA, 2000 #96]. 

Environmental issues  

 

Air: The high concentrations of organic dust in the oxidation reactor off-gas are reduced by 

cooling (with heat recovery); washing (to remove polar compounds); and activated carbon 

filtration. Organic residues are incinerated and off-gases are filtered (to remove cobalt and 

manganese). The vent gases are washed in a scrubber and the residual gas is incinerated. 

 

Water: Waste water stream is incinerated. 

 

Wastes: Hazardous wastes are incinerated. 

 

Energy: Exothermic process with energy recovery. 

 

(iii) Ethyl Acetate 

 

Ethyl acetate is produced by the esterification of acetic acid and methanol (CH3COOH + 

C2H5OH), or from acetaldehyde using a Tischtschenko reaction [Austria UBA, 2000 #96]. 

 

(iv) Fatty Acid Methyl Esters (Biodiesel) 

Biodiesel (FAME) 

Uses  Biodiesel from renewable resources; used neat or blended with mineral fuels 

for transportation and power generation  

Tran esterification of fatty acids from vegetable oils or animal fats 

Prevalence Accounts for approximately 90 % of biodiesel production within the EU. 

Summary Triglycerides are broken into alkyl (biodiesel) and glycerine by reaction with 

a simple alcohol.  

 

Figure 3.2: Tran esterification of fatty acids from vegetable oils or animal fats 

 

The biodiesel and glycerine phases must then be separated and purified. 

Process steps may include gravity settling, centrifuging, distillation and 

filtration. 

Process 

options 

 Reactant: Using methanol has the advantage that the resulting glycerol can 

be separated simultaneously during the conversion process. When using 

ethanol, the ethanol needs to be free of water and the oil needs to have a 

low water content to achieve an easy glycerol separation.  

 Operating conditions: low temperature and low pressure process 

 Catalyst: homogeneous (alkaline or acid) , heterogeneous, enzymes,  

 Single or multiple feedstocks: vegetable oils, animal fats or waste cooking 

oils. 

Some technologies are additionally capable of processing feedstock with 

higher amounts of free fatty acids by utilising either an acid catalysed pre-

esterification of the free fatty acids followed by transesterification or by 

direct conversion of all fatty material to biodiesel in a single step by high 

temperature acid esterification. 

Yield Depends on process options and feedstock: 80–99+% 

Proprietary 

processes 

Agrartechnik, Axens, BDI, CD-Technology, GEA Westfalia, Cimbria Sket,  

CMB, DeSmet Ballestra, Energea Lurgi 
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Biodiesel (FAME) 

Co-products Glycerine (approximately 10 % of overall plant production) 

By-products Oilseed processing is not part of the biodiesel process but can also generate 

wastes or co-products. 

Raw 

materials 

 ʻFirst Generationʼ: rapeseed, sunflower, canola, oil palm or sunflower 

soybean, spent oils. 

 ʻSecond Generationʼ: still R&D (jathropa, algae) 

 Sodium methylate or potassium ethylate (alcohol and catalysts utilised in 

the mixture) 

 Alcohol: (primarily methanol but ethanol/butanol possible) 

 Sodium or potassium hydroxide 

Energy Excess alcohol is removed with flash evaporation or distillation. 

Approximately 3.6 kWh of electricity are required per tonne of feedstock. 

Air VOCs. Some hazardous primarily methanol   

Water  Waste water: boiler, water softener and cooling tower blowdown.  

 Washing the biodiesel product to remove impurities. The wash water 

contains glycerine, methanol, unreacted feed oils, and some biodiesel. 

Some small biodiesel operators may use resins to remove impurities,  

 Water from recovery by distillation of excess methanol for reuse in the 

esterification process.  

 Biodiesel wash water and crude glycerine (with or without methanol 

recovery) have a very high BOD (10-15 000 mg/L. Pure glycerine and 

methanol have a BOD of about 1 000 000 mg/L. Glycerine and methanol 

are highly biodegradable and, if loaded to a large enough plant with 

enough organic capacity, can be a treatable waste. 

 Most of the methanol left over from the biodiesel process is in the crude 

glycerine, but is generally recovered.  

 The unused catalyst and soaps from the glycerine by-product are 

neutralised and removed. Salts may also form during this phase and may 

be recovered as another by-product to be used as fertiliser.  

Waste   To remove the impurities, the biodiesel may be filtered to remove any 

residual catalyst monoglycerides etc. The resulting filter cake is waste. 

 Spent Filter Media such as diatomaceous earth, filter aid, resins and socks 

saturated with biodiesel can spontaneously combust.  

 If the waste methanol is collected in any way that is not in a closed recycle 

loop, then it will be a hazardous waste 

 If the glycerine is not recovered, it can be ignitable due to the low 

flashpoint of the methanol. Corrosive if contains sufficient quantities of 

catalyst.  

 If the spent catalyst is not recovered, catalysts (and neutralisers) are 

potentially corrosive.  

Odour   

Other   

 

3.2.2.5 Acetates 
 

(i) Vinyl Acetate 

 

Vinyl acetate can be produced by the oxidation of ethylene (C2H4 + ½ O2 + CH3COOH) or the 

catalytic addition of acetylene to acetic acid (C2H2 + CH3COOH). Ethylene, acetic acid and 

oxygen undergo a vapour phase reaction at 160 ºC and 8 barg over a noble metal catalyst of 

palladium and gold and potassium acetate supported on silica beds. The product is quenched, 

carbon dioxide is removed using hot potassium carbonate, and unconverted oxygen and 

ethylene are recycled. Acetaldehyde, ethyl acetate and higher esters are formed as by-products. 

A purge stream prevents inert build-up. Unconverted acetic acid is separated from the crude 

product by distillation and recycled. The vinyl acetate is purified in a series of distillation 
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columns [Environment Agency (E&W), 1999 #7]. Vinyl acetate can also be produced from 

acetylene and acetic acid. 

 

Environmental issues  

 

Air: Hydrocarbons from the reactor loop purge. Carbon dioxide from the absorption/desorption 

system. 

 

Water: Sodium acetate in the neutralised aqueous effluent from water stripping. 

 

Wastes: High boilers, light ends, etc. are used as fuel. 

Energy: 

 

3.2.2.6 Ethers 
 

(i) Glycol Ethers 

 

Mono, di and higher glycol ethers are produced catalytically from an alkene oxide (ethylene or 

propylene oxide) and an alcohol (methanol or n-butanol). The products are purified through 

distillation, and residual streams (containing catalysts) are incinerated [InfoMil, 2000 #83]. 

 

Environmental issues  

 

Air: VOC, ethylene oxide and propylene oxide (mainly from fugitive sources). 

 

Water: Biological treatment. 

 

Wastes: No significant wastes. 

 

Energy: Exothermic process. 

 

(ii) Methyl-Tertiary Butyl Ether (MTBE) 

 

MTBE is an important additive for petrol and more information can be found in the REF BREF. 

Minor production occurs from the dehydrogenation of isobutane and the oxidation of isobutane 

[Austria UBA, 2000 #134]. However, the majority of MTBE is produced by the addition of 

methanol to isobutene, in the presence of an acid catalyst (CH3OH + C4H8). The crude product 

is purified by distillation. A refinery mixture (containing different butanes, butenes and 

isobutene) is used as feedstock and, after the isobutene has been reacted, the other compounds 

are returned to the refinery. Methanol is recovered. The by-products of tertiary butyl alcohol, 

dimethyl ether and di-isobutene can be used as fuel [InfoMil, 2000 #83] [Austria UBA, 2000 

#134]. 

 

Environmental issues  

 

Air: End-of-pipe technology: flare with gas recovery system. VOC losses predominantly from 

fugitive sources. 

 

Water: Waste water is treated physically (sand/oil removal by filtration and gravity separation) 

and biologically. 

 

Wastes: Significant process waste not identified. Used catalyst treated externally. Remaining 

liquids are recycled or also treated externally. 

 

Energy: Exothermic process. 
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3.2.2.7 Epoxides 
 

Ethylene oxide and propylene oxide are considered in detail in Chapters 7 and 14 respectively.  

 

3.2.2.8 Anhydrides  
 

(i) Acetic Anhydride 

 

The main production routes are the acetic acid/ketene route and carbonylation of methyl acetate 

[Environment Agency (E&W), 1999 #7]. 

 In the acetic acid/ketene route, acetic acid is catalytically decomposed (cracked) to give 

ketene and water at 700 ºC and reduced pressure. Alternatively, positive pressure may be 

used. Product vapours from the process comprise ketene, some unreacted acetic acid and 

by-products. The ketene is added to acetic acid under reduced pressure to give acetic 

anhydride that is recovered by distillation. 

 In the carbonylation route, methanol is first esterified with acetic acid (possibly from a 

recycled source) or a portion of the product acetic anhydride, to produce methyl acetate. 

Carbonylation of methyl acetate yields acetic anhydride. This route is associated with the 

carbonylation of methanol to acetic acid. 

 

(ii) Maleic Anhydride 

 

Maleic anhydride is used for the production of unsaturated polyesters, the production of fumaric 

and maleic acid, as an intermediate for the production of pesticides, fungicides, insecticides and 

herbicides and as an additive for lubricating oil. In 1991, 36 % of maleic acid production 

capacity was still based on benzene oxidation and the rest was from the oxidation of C4 

compounds, especially butane and butene. A small amount of maleic anhydride by-product 

results from the production of phthalic anhydride [Austria UBA, 2000 #130]. 

 

Oxidation of benzene: Most of the reactors use a fixed bed of catalysts for the reaction, but 

fluidised bed reactors are also used. All of the different processes for benzene oxidation use 

similar catalysts based on V2O5 (may be modified with MoO3). Due to the highly exothermic 

reaction, normally tube bundle reactors with up to 13 000 externally cooled tubes are used. 

Fused salts are used as circulating heat exchange liquid to remove the reaction heat and to 

produce steam (approximately 80 % of heat can be used for steam production). The oxidation of 

the benzene/air mixture takes place at 350–450 °C and 1.5–2.5 bar with residence times over the 

catalysts of about 0.1 s and an air excess. For separation of maleic anhydride from the reaction 

gas mixture, the reaction gas is cooled in several heat exchangers. In the last cooler the 

temperature is below the condensation temperature of the anhydride and 50 % to 60 % of the 

anhydride is obtained directly from the reaction gas mixture. The remainder is washed out with 

water in the product recovery absorber in the form of maleic acid. The 40 % maleic acid is 

converted to maleic anhydride, usually by azeotropic distillation with xylene. Some processes 

may use a double effect vacuum evaporator at this point.  

 

Environmental issues  

 

Air: The product recovery absorber vent contains CO, CO2, benzene, formaldehyde maleic acid 

and formic acid; the benzene is recovered by adsorption (e.g. on activated carbon) and reused in 

the production process. Fugitive emissions of benzene, maleic acid and maleic anhydride also 

arise from the storage and the handling of these substances. Emissions of xylene from the 

vacuum pumps and the xylene-stripping column. 

 

Water: The xylene content of effluent is extracted in a xylene-stripping column. Waste water 

treated in central biological facilities. 

 

Wastes: 
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Energy: Highly exothermic reaction 

 

Oxidation of butene: The principle of butene oxidation is very similar to the oxidation of 

benzene. Again, fixed bed tube reactors with a catalyst based on V2O5 are used. The reaction 

takes place at 350–450 °C and 2–3 bar. Important by-products of this reaction are CO2, CO, 

formaldehyde, acetic-, acrylic-, fumaric-, crotonic- and glyoxylic acids. A process variant uses a 

V2O5-H3PO4 catalyst in a fluidised bed and has the advantage of easier heat removal at constant 

reaction temperatures. In contrast to benzene oxidation in the work-up, no partial condensation 

of maleic anhydride takes place. The reaction gas is washed with dilute aqueous maleic acid 

solution. The dilute maleic acid solution is concentrated under vacuum or with the help of water 

entraining agents. The exhaust gas contains 10 % to 20 % of the initial hydrocarbons that could 

be removed by incineration. The emission from the dehydration units has to be taken into 

account. 

 

Oxidation of butane: N-butane is the most economic raw material for maleic anhydride 

production. The process conditions are similar to those for benzene oxidation. Again, the 

catalysts are based on vanadium oxides, but they differ in the promoters such as phosphorus and 

the oxides of Fe, Cr, Ti, Co, Ni, Mo. Fixed bed, as well as fluidised bed, processes (e.g. ALMA 

process) are used. Exothermic reaction heat is removed from the reactor producing high-

pressure steam. There are emissions from the dehydration units. Reactor exhaust gas (after 

scrubbing) is combusted as it contains unreacted input material butane and carbon monoxide. 

 

(iii) Phthalic Anhydride 

 

Phthalic anhydride is manufactured by the gas (or liquid) phase catalytic oxidation of ortho-

xylene (or naphthalene) with air. The reactor gases are cooled and crude product desublimes in 

condensers before vacuum distillation to the required purity. The off-gases are either water 

scrubbed or incinerated [Environment Agency (E&W), 1999 #7] [Austria UBA, 1999 #65] 

[InfoMil, 2000 #83]. 

 

Environmental issues  

 

Air: Off-gas from the switch condenser scrubber contains phthalic anhydride, maleic anhydride, 

various acids, sulphur dioxide and carbon monoxide. Combustion products from incinerated 

residues and overheads from the distillation columns. Special control techniques include the wet 

scrubbing of switch condenser off-gases, with recovery of maleic anhydride by processes such 

as azeotropic dehydration; catalytic incineration of scrubber tail gas, or condenser off-gas if no 

scrubber is installed; incineration or fuel use of all hydrocarbon residues. 

 

Water: Acidic scrubber liquor from the switch condenser off-gas scrubber or waste water from 

maleic anhydride recovery. 

 

Wastes: Solid organic residues from distillation columns and stills. 

 

Energy: 

 

3.2.2.9 Waste water issues for oxygen containing hydrocarbons 
 

[Note to TWG: It is proposed to delete this information from the revised BREF as it will be 

superseded by the CWW BREF.] 

 

A survey of German oxygenated processes quantifies the volume of waste water arisings and 

COD/AOX loads after any pre-treatment but prior to biological treatment . The survey also 

gives the pre-treatment techniques used to make waste waters amenable to biological treatment . 
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Table 3.4: Quantification of waste water arisings from oxygenated processes  

Product 

Waste water volume 

(m³/t product) 

COD 

(kg/t product) 

AOX 

(g/t product) 

< 0.

1 

0.1 

- 1 

1 -

 10 
>10 

<0.

1 

0.1 

- 1 

1 -

 10 
>10 

<0.

1 

0.1 

- 1 

1 -

 10 

10 -

 100 

>10

0 

Formaldehyde 

(oxide process) 
X      X                 

Formaldehyde 

(silver process) 
X       X                 

MTBE / 

tertiary 

Butanol / 

Butene 

  X     X                 

Ethylene oxide   X         X             

Phenol   X         X             

Propylene 

oxide (by 

chlorohydrin 

process) 

      X       X         X 

Acetic acid   X           X           

Ethylene glycol 

/ Propylene 

glycol 

  X         X             

Phthalic 

anhydride 
    X       X             

Adipic acid     X       X             

Acrylic acid / 

Acrylate ester 
  X     X                 

Acetaldehyde 

(by ethene 

oxidation) 

    X         X           

Acetaldehyde 

(via ethanol) 
    X         X           

2-Ethyl hexanol   X       X               

Isopropanol     X       X             

Ethanol     X     X               

Bisphenol A   X       X               

Glycolether   X     X       X         

Methyl-

methacrylate 
  X         X             

Acetic 

anhydride / 

Acetic acid 

  X         X             

Ethyl acetate   X       X               

Methylethylket

one 
X       X                 

Chloroacetic 

acid 
    X       X           X 

1,4-Butandiol / 

Formaldehyde 
    X         X           

Maleic 

anhydride 
    X       X             

Cyclohexanol / 

cyclohexanone 
 X     X       

NB: Figures Include all emissions except rainwater and cooling water blowdown. 
Source: [UBA (Germany), 2000 #88] 
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Table 3.5: Non-biological treatment techniques for oxygenated process waste waters  

Product 

Treatment technique 

Incinerati

on 

Strippin

g 

Distillati

on 

Extracti

on 

Sedimentati

on 

& 

Flocculation 

Hydroly

sis 

Adsorpti

on 

MTBE / 

tertiary 

Butanol / 

Butene 

  X     

Ethylene oxide  X      

Ethylene glycol 

/ Propylene 

glycol 

X       

Acrylic acid / 

Acrylate ester 
X       

Acetaldehyde 

(by ethene 

oxidation) 

  X     

2-Ethyl 

hexanol 
  X     

Bisphenol A   X X    

Acetic 

anhydride / 

Acetic acid 

  X     

Maleic 

anhydride 
X       

Cyclohexanol / 

cyclohexanone 
   X    

Source:[UBA (Germany), 2000 #88] 

 

 

3.2.3 Sulphurous hydrocarbons 
 

The Industrial Emissions Directive (IED) (Section 4.1(c) of Annex I) gives no examples to 

explain the term ʻsulphurous hydrocarbonsʼ. The large and diverse group of sulphur-containing 

organic compounds does not have an illustrative process in this BREF. 

 

Although the IED gives no examples to explain the term ‘sulphurous compounds’; the Paris 

Workshop [CITEPA, 1997 #47] considered that the group may include ʻmercaptans, 

sulphonates, sulphates, sulphur oxidesʼ. 

 

Products such as the main thioalcohols may be considered commodity chemicals. For example, 

methanethiol is produced on a fairly large scale for methionine (for which an EU capacity of 

150 kt/yr exists). However, many other products will be produced at less than the nominal 100 

kt/yr threshold for LVOC and are confined to specialist producers. Some of the more important 

products include [EC DGXI, 1992 #23]: 

 

 amino acids containing sulphur: methionine, cysteine; 

 mercaptans: methanethiol, ethanethiol, butanethiol; 

 dialkyl sulphides: dimethyl sulphide, diethyl sulphide; 

 thiuram sulphides: tetramethyl thiuram monosulphide; 

 acids: thioacetic acid, thioglycollic acid; 

 dithiocarbamates: dimethyl and dibutyldithiocarbamates; 

 heterocyclics: thiophene, thiazole; 

 others: dimethylsulphoxide; 

 linear alkyl benzyl sulphonates and linear alkylphenyl ethoxylates (APEO) (manufacture 

of detergents).  
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[Note to TWG: The next section on sulphonation would probably be best merged with Section 

2.2.6 and relocated.] 

 

Sulphonation reactions may be considered in terms of the sulphonation of aromatics, and the 

sulphonation/sulphation of aliphatics [Environment Agency (E&W), 1999 #6]. The reactions 

cover a wide diversity of raw materials and products, but most are typified by the need for a 

large excess of acid (to drive the reaction) and the evolution of acid gas. Sulphonation often 

generates a sulphur trioxide (SO3)-rich gas stream, which can be treated in a ceramic-packed 

scrubber containing 98 % sulphuric acid, followed by a candle filter to eliminate mist 

[Environment Agency (E&W), 1999 #6]. 

 

In the sulphonation of aromatics, the reactor is charged with organic material plus the 

sulphonating agent (often a ‘mixed acid’ of sulphuric acid/nitric acid). A wide range of 

operating conditions may be used but typically atmospheric pressure and a temperature of 

100 ºC are used. On completion of the reaction, the mixture is quenched in water or ice 

(possibly in a separate vessel). Releases from the reactor may include: 

 

 acid vapours (largely sulphuric acid) from the reaction and quenching; 

 unreacted sulphonating agent arising from the use of an excess to drive the reaction 

 VOC emissions; 

 acidic waste waters. 

 

In the separation stage, the quenched mixture is separated using pressure filtration. Releases 

from this activity may include: 

 

 filtrate contaminated with unreacted raw material and acid. Some may be recycled, but 

most is neutralised with lime to form gypsum; 

 dilute acidic wash waters (from washing the product on the filter) that will require 

neutralisation. 

 

Sulphur trioxide is often used in the sulphonation/sulphation of aliphatics. The reaction 

generates acidic vapours, VOCs and acidic waste waters. The most important products are the 

linear alkyl sulphonates (LAS) used in detergents. Waste gas streams may also arise from 

neutralisation of the acid reaction product and any on-site sulphur trioxide production. 

 

3.2.3.1 Sulphur compounds 
 

(i) Carbon disulphide 

 

Carbon disulphide is manufactured by the reaction of vaporised sulphur and hydrocarbons (such 

as methane, ethane, propylene or natural gas). The gas mixture is heated to 580–650 ºC and 

pressures between 2.5 barg and 5 barg to produce carbon disulphide and hydrogen sulphide. 

Uncondensed carbon disulphide is recovered from the hydrogen sulphide by absorption in 

odourless kerosene, followed by steam stripping, and the combined carbon disulphide streams 

are purified by distillation. The hydrogen sulphide is converted back to sulphur in a Claus plant 

[Environment Agency (E&W), 1999 #7]. 

 

Environmental issues  

 

Air: Carbon disulphide and hydrogen sulphide are steam-stripped from the stabiliser feed drum 

overflow and sent to the flare system. Gases leaving the absorber column contain hydrogen 

sulphide, sulphur and carbon disulphide, and pass through a wire-mesh filter to remove 

entrained droplets before sulphur recovery in a Claus unit. The carbon disulphide surge tank 

vent is kept live with a methane (natural gas) blanket and this leads to a continuous discharge 

(possibly contaminated with carbon disulphide) to the flare system. Compressed air is used to 

strip carbon disulphide from the surge tank catch pot overflow, and the resulting gas stream will 

require treatment if it contains a significant concentration of carbon disulphide. Odourless 
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kerosene from the production plant may be used to absorb carbon disulphide vapours emitted 

during the filling of tankers. Jacketed pipework from sulphur condensers discharges to the flare 

stack. During furnace start-up, a methane feed is established, and sulphur slowly brought online 

until the desired conversion is achieved. 

 

Water: The aqueous layer from the stabiliser feed drum is degassed with steam and passed to a 

catch pot to which cold water is added. A purge of the lean oil system is completed to prevent 

the build-up of sulphur compounds and this is stripped using a polysulphide caustic liquor. 

 

Wastes: The sulphur filters are coated with diatomaceous earth and this is periodically removed 

(together with some sulphur and inorganic impurities). 

 

Energy: 

 

(ii) Dithiocarbamates 

 

Dithiocarbamates are produced by the reaction of an aqueous alkaline solution of secondary or 

tertiary amines with carbon disulphide. Aqueous dithiocarbamates can be added to an aqueous 

metal salt to produce a metal dithiocarbamate slurry that is then filtered and dried. Zinc, nickel 

and copper dithiocarbamates are the main products [Environment Agency (E&W), 1999 #7]. 

See also section 3.2.4. 

 

(iii) Ethyl pentachlorothiophene (EPCT) 

 

EPCT is produced by the reaction of phosphorus pentasulphide and ethanol to form 

diethyldithiophosphoric acid (DETA). DETA is chlorinated to produce EPCT and a sulphur 

precipitate [Environment Agency (E&W), 1999 #7].  See also sections 3.2.5 and 3.2.6. 

 

Environmental issues  

 

Air: Breathing releases from the ethanol storage tank are released directly to the atmosphere. 

Off-gases from the reactor are incinerated with contaminated combustion air drawn from the 

building caustic scrubber discharge and storage tank vents. 

 

Water: Spent scrubber liquor is discharged frequently. Hydrochloric acid (32 %) is generated in 

the adsorber (water scrubber) from hydrogen chloride fumes and either sold commercially or 

used to neutralise alkaline liquid waste streams. 

 

Wastes: Cartridges from the DETA filter are collected and sent for off-site disposal. The 

residues generated in the chlorination are discharged to steel drums and allowed to cool before 

sealing and landfill disposal. 

 

Energy: 

 

(iv) Thiols 

 

Thiols can be manufactured by a number of processes [Environment Agency (E&W), 1999 #7]. 

Ethanethiol is prepared by the vapour phase reaction between ethylene and hydrogen sulphide 

over an acid catalyst. Methanethiol is similarly prepared from the corresponding alcohol. Other 

primary thiols are prepared by the UV light-promoted addition of hydrogen sulphide to primary 

alkenes. Tertiary alkanethiols are prepared from the corresponding tertiary alkene and hydrogen 

sulphide, in a continuous flow reaction over a solid catalyst. Thiophenol is prepared by the red 

phosphorus reaction of benzenesulphonyl chloride, or by the high-temperature reaction of 

monochlorobenzene and hydrogen sulphide. Process equipment and storage vessels for thiols 

are constructed of carbon steel, aluminium, stainless steel or other copper-free alloys. Thiols 

stored in carbon steel are kept dry and blanketed with an inert gas to prevent the formation of 

iron sulphur complexes. Rubber is not suitable for hoses or gaskets. 
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Environmental issues  

 

Air: The opening of drums prior to charging into reactors creates vapours that are locally 

extracted and passed to carbon adsorbers or by incineration. Used drums are gently heated in a 

drum decontamination plant and the extracted vapours are adsorbed, incinerated or caustic 

scrubbed. Blending tanks are vented to a carbon adsorber, incinerator or caustic scrubber. Road 

tankers are equipped with a carbon adsorber to remove residual odours. Spent tanker wash-

down methanol is usually incinerated. 

 

Water: The final water flushing of tankers containing unspent hypochlorite is discharged to 

effluent treatment. 

 

Wastes: Effluent treatment sludges and filter cakes containing dithiocarbamates and other 

sulphur complexes are sent to landfill. 

 

Energy: 

 

(v) Thiophene 

 

There are three commercial processes for the production of thiophene. One route is the vapour 

phase reaction of furan and hydrogen sulphide over a hetero-polyacid-promoted metal oxide 

catalyst at 300–400 ºC. The second route is the continuous reaction of carbon disulphide and C4 

compounds (1-butene, butadiene, n-butanol and 2-butenal) over an alkali-promoted metal oxide 

catalyst at 500 ºC. The third process involves the continuous reaction of butane and sulphur at 

500–600 ºC over a mixed metal oxide catalyst [Environment Agency (E&W), 1999 #7]. 

 

3.2.3.2 Generic issues in the production of sulphur compounds 
 

The following techniques are relevant to most processes involving organic chemicals containing 

sulphur [Environment Agency (E&W), 1999 #7]. 

 

Waste gases: 

 Waste process gases are likely to contain hydrogen sulphide and, where practicable, 

undergo sulphur recovery. 

 During normal operation, waste streams containing mainly carbon disulphide are 

adsorbed in odourless kerosene. The resulting stream containing hydrogen sulphide, 

sulphur and carbon disulphide can be incinerated to give sulphur dioxide as well as 

carbon oxides and water vapour. Methods to minimise the release of sulphur oxides are 

considered. Where appropriate, sulphur recovery units are installed upstream of any 

incineration equipment. 

 Contaminated extraction air can be dealt with most easily by incineration. Otherwise, 

carbon or biological filters may be considered. Amine, caustic scrubbing or other systems 

may be appropriate for particular releases. 

 Odour problems are particularly prominent in the manufacture of thiols and other organic 

sulphur compounds. Adsorption beds and biofilters may be used to eliminate odours from 

fugitive releases in enclosed areas. 

 Cyclones are often used to remove surplus liquid from gas streams. 

 Many sulphur compounds have low odour thresholds and conventional equipment 

designs (e.g. flanged pipework, centrifugal pumps) may have an unacceptable level of 

releases. This results in the use of all-welded pipework, canned pumps and scrubbing 

equipment. 
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Effluents: 

 Liquid effluents will originate from scrubbing systems, process wastes and routine 

cleaning of equipment. The effluents may contain carbon disulphide, or hydrogen 

sulphide, mercaptans or other organic sulphur compounds. 

 Effluents are likely to require primary and secondary treatment prior to discharge to the 

environment. 

 Steam or air stripping can remove contaminants such as hydrogen sulphide and carbon 

disulphide and prepare the effluent for biological treatment, but the resulting off-gas will 

require sulphur recovery or incineration. 

 Aqueous wastes contaminated with kerosene (carbon disulphide process) will require oil 

separation. Where possible, contaminated kerosene is regenerated on site by stripping 

with a polysulphide caustic liquor. 

 Spent scrubber liquors can be treated with hypochlorite to form inert chlorates of sulphur. 

The use of hypochlorite or other easily handled oxidants (such as hydrogen peroxide or 

ozone) may be considered for the elimination of odours in effluent. 

 

Wastes: 

 Wastes are likely to contain organic sulphur compounds. Operators may need to ensure 

that the sulphur compounds are removed prior to landfilling or that the wastes are suitably 

contained to prevent the release of the sulphur component and to limit odours. 

 

[Note to TWG: This thumbnail on sulphur recovery is probably better located under 'techniques 

to consider' or may be cross-referenced to REF BREF.] 

 

The recovery of sulphur from process vents is important both for process efficiency and 

environmental protection. Recovery is usually based on scrubbing using different absorbents in 

a variety of different contacting methods. Some of the absorbents are described below 

[Environment Agency (E&W), 1999 #7]. 

 

 Mono- or diethanolamine (e.g. methyl-diethanolamine, MDEA) reacts with hydrogen 

sulphide and carbon dioxide to form inert compounds. The amine absorbent passes 

counter-current to the sour gas in a packed column producing sweetened gas for further 

treatment. The rich amine stream is transferred to a feed drum, which also separates 

entrained hydrocarbons. Amines have good absorption efficiency and can be tailored to 

suit particular waste streams. The same hardware configuration can also be operated with 

a potassium carbonate absorbent. 

 In order to avoid the degradation losses suffered by MDEA solutions, the solvent sulfinol 

may be used. The sulfinol solution usually consists of 40–45 % sulfolane (tetra-

hydrothiophene dioxide), and 40–45 % diisopropanolamine. Sulfinol provides greater gas 

treatment capacity, lower solvent circulation, lower heat requirements, and lower rates of 

solvent degradation. 

 In the alkazid process, a solution containing the potassium salt of N,N-diethylglycine or 

N,N-dimethylglycine selectively absorbs hydrogen sulphide, carbon dioxide, mercaptans 

and small amounts of carbon disulphide, and hydrogen cyanide. The absorbent is 

thermally regenerated. 

 

Sulphur can be recovered from the absorbent using the Claus system. The rich amine stream 

from the scrubber is first heated in a regenerator column to drive off the hydrogen sulphide. The 

overheads are cooled, and condensate is recycled to the column. The lean amine stream is 

recycled to the scrubber and the acid gas (greater than 90 % hydrogen sulphide) is passed to 

sulphur recovery. In the sulphur recovery unit, part of the acid gas is burnt with air in a furnace 

to produce sulphur dioxide and water vapour. Further hydrogen sulphide then reacts with the 

sulphur dioxide to produce water vapour and elemental sulphur. Both reactions occur in the 

combustion stage and sulphur is condensed for removal from the exit gases. Further acid gas is 

added in a reheater and the mixture is passed to the first catalytic stage, containing a fixed bed 

of bauxite, where the second reaction continues. The reaction is equilibrium-limited and overall 

conversion of hydrogen sulphide to sulphur depends upon the number of reacting and 
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condensing stages. To achieve acceptable conversion, three stages are required, or two stages 

and tail gas clean-up. Residual sulphur dioxide and hydrogen sulphide are passed to tail gas 

incineration before discharge to a vent. Sulphur recovery plants can operate to a recovery 

efficiency of at least 98 % during normal operation. This will normally require three catalytic 

conversion stages with a selective catalyst in the final stage (e.g. super-Claus process) or with 

further treatment of the tail gas (residual sulphur dioxide is reduced to hydrogen sulphide for 

recycling to the amine scrubbers). 

 

Alternatively, sulphur can be directly recovered from weak hydrogen sulphide streams by liquid 

redox technologies that oxidise hydrogen sulphide to sulphur using the action of a number of 

mild oxidising agents. In the Stretford process, the gas stream is first washed in an alkaline 

solution containing dissolved vanadates and anthraquinone disulphonic acids, fixing the 

hydrogen sulphide. The liquid from the washing stage then passes to a reaction tank, where 

virtually all the hydrogen sulphide is converted into elemental sulphur. The oxidation stage 

separates the sulphur from the solution, for return to the washing stage. The sulphur is floated 

off as a froth and further recovery produces a saleable form. The sulphur is usually recovered 

from the slurry in a molten form by decantation under pressure, frequently with prior filtration. 

The vanadium-based Stretford process can achieve removal efficiencies of 99.9 % and the 

process is tolerant to fluctuating flow-rates. However, the use of vanadium may have 

undesirable environmental implications, and other processes, utilising non-toxic iron-based 

catalysts, have been developed. 

 

 

3.2.4 Nitrogenous hydrocarbons 
 

The Industrial Emissions Directive (IED) (Section 4.1(d) of Annex I) defines this subgroup as 

ʻnitrogenous hydrocarbons such as amines, amides, nitrous compounds, nitro compounds or 

nitrate compounds, nitriles, cyanates, isocyanatesʼ. 

 

Processes for the production of the following nitrogenous hydrocarbons are described in the 

subsequent illustrative chapters of this document. 

 

Ethanolamine: Chapter 5 
Toluene diisocyanate (TDI) and methylenediphenyl isocyanate (MDI): (see Chapter 6) 

Acrylonitrile: (see Chapter 9) 

 

Table 3.6 gives Europe’s most important nitrogenated organic products (in tonnage terms). The 

table also indicates what type of process description is provided in the BREF (if any). 
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Table 3.6: Nitrogenated organics with European production capacities in excess of 100 kt/yr  

[Request to TWG: The information in this table taken from the current BREF is significantly 

out of date. Can you please provide more up-to-date information or advise on the deletion of 

this table]  

 
Product Production capacity (kt per year) Process description? 

Nitrobenzene 1218  

Acrylonitrile 1130 Illustrative process 

Caprolactam 1095 √ 

Aniline 839 √ 

MDI 832 √ 

Adiponitrile 500 √ 

Hexamethylenediamine 440 √ 

TDI 413 Illustrative process 

Melamine 270 √ 

Methyl amine 248 √ 

Ethanol amine 223 √ 

Ethylene amine 138 √ 

Acrylamide 114 √ 

Source:[UBA (Germany), 2000 #89] based on Standard Research Institute (SRI) data, Directory of 

Chemical Products Europe, Vol. II, 1996 

 

3.2.4.1 Amines 
 

Amines are derived from ammonia by replacing one or more of the hydrogen atoms with alkyl 

groups. Amines are classified as primary, secondary, or tertiary depending on whether one, two 

or three hydrogen atoms are replaced. Ethanolamine is described in Chapter 5. 

 

(i) Ethylamines and Isopropylamines 

 

Ethylamines and isopropylamines are usually produced on the same plant on a campaign basis. 

Primary, secondary and tertiary ethylamines are produced concurrently but the tertiary 

isopropylamine is limited by steric hindrance. Diethylamine is generally the most important 

product, but the manufacture of the various products is governed by the relative market 

demands and the ability to recycle surplus product. A basic reactor system design is used 

worldwide with variations on the associated distillation system. Ethylamines/ isopropylamines 

are manufactured by the gas phase reaction of anhydrous ammonia and either ethanol or 

isopropanol at elevated temperature and pressure in the presence of a hydrogenation catalyst 

(e.g. Raney nickel) [Environment Agency (E&W), 1999 #7]. 

 

(ii) Methylamines 

 

The unit process of ammonolysis is important in the production of amines, especially the 

methylamines of monomethylamine (MMA), dimethylamine (DMA) and trimethylamine 

(TMA). Methylamines are produced in equilibrium in the catalysed vapour phase alkylation of 

ammonia with methanol at 260–320 ºC and a pressure greater than 20 barg. The exothermic 

reaction is carried out over a fixed bed of amorphous silica-alumina catalysts. The crude 

reaction mixture consists of excess ammonia, mono-, di- and trimethylamines, reaction water 

and uncovered methanol, and is usually purified in a distillation train [Environment Agency 

(E&W), 1999 #7]. 

 

Environmental issues  

 

Air: Process vents that contain methylamines are routed via an absorption system to enable 

recovery (in a stripper) and recycling. Due to the low odour threshold of MMA, DMA and 

TMA, leaks are minimised through the good design of storage and handling facilities, seals on 

pumps, and the minimisation of flanges in pipe work. Biotreatment or incineration may be 

necessary as back-up systems to remove odour. 
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Water: Waste water is generated in the reaction and arises from scrubber water purges 

(containing soluble amines and ammonia). Water use in the scrubbing systems is minimised. 

Biological treatment of waste water. 

 

Wastes: Spent catalyst. 

 

Energy: 

 

(iii) Quaternary Ammonium Salts 

 

The alkylation of amines forms quaternary ammonium salts (general formula R
4
N

+
X- where X 

is typically a halide ion; R is an aliphatic or aromatic group). Amines react with an alkyl halide 

to form the next higher amine in the series and the reaction can proceed to the final stage to 

produce the quaternary salt. Trimethylamine (TMA) is reacted with ethylene dichloride (EDC) 

to produce the chlorinated quaternary salt as an aqueous solution. The process involves the 

exothermic, batch reaction of the two liquid feeds, with an EDC excess, carried out at 2.5 barg 

and 100 ºC [Environment Agency (E&W), 1999 #7]. 

 

(iv) Aniline 

 

One of the most important aromatic amines is aniline. It is produced either by the reduction of 

nitrobenzene (the Bechamp process) or by the catalytic hydrogenation of nitrobenzene (in the 

gaseous or liquid phase). The production of nitrobenzene and aniline are often integrated 

[Environment Agency (E&W), 1999 #6].  

 

Environmental issues  

 

Air: NOX emissions are often controlled by caustic scrubbing prior to discharge to atmosphere. 

Vent gases (mainly methane and hydrogen) have a high calorific value and can be used as fuel 

or incinerated. 

 

Water: Alkali water (‘red water’) is particularly toxic and contains nitrophenols and picrates 

that leach from the organic phase during washing. Typical concentrations range from 1000 ppm 

to 10 000 ppm. Various abatement techniques have been employed including wet air oxidation, 

incineration and charcoal adsorption followed by incineration. The acidic water stream is 

usually managed in a conventional biotreatment plant after neutralisation. 

 

Wastes: Catalyst residues (copper/silica) are either disposed of by landfill or recycled. 

 

Energy: 

 

(v) Cyclohexylamine 

 

Aniline may be subsequently used to produce cyclohexylamine by the liquid phase 

hydrogenation of aniline in the presence of a catalyst (cobalt, nickel or ruthenium/palladium) 

[Environment Agency (E&W), 1999 #6]. 

 

(vi) Ethylenediamine 

 

The production of ethylenediamine (1,2-diaminoethane) first involves the reaction of ethylene 

dichloride (EDC) and ammonia to form the intermediate diethylene triamine hydrochloride. The 

intermediate is neutralised with sodium hydroxide and converted into amines, salt and water. 

Ethylenediamine is separated by crystallisation and distillation, whilst the ammonia and sodium 

hydroxide are recovered. The by-products are diethyl triamine (DETA), higher polyamines and 

ammonium salts. Vinyl chloride is also formed due to the partial decomposition of EDC 

[InfoMil, 2000 #83].  
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An ethylenediamine process in Sweden does not use chlorinated reactants. The plant is run in 

two continuous stages. In the first stage, monoethanolamine (MEA) is formed from ethylene 

oxide and ammonia and, in the second, MEA is again reacted with ammonia to form ethylene 

amines. Ammonia that has not reacted is recirculated in each stage. Intermediate and final 

products are purified by distillation. 

 

(vii) Malamine 

 

2,4,6-triamino sym-triazine is used to produce melamine resins, glue and decorative surfaces, 

either from dicyanamide or urea [Austria UBA, 2000 #95]. 

 

 Dicyanamide can be exothermically converted to melamine in a liquid phase (using, for 

example, a methanol solvent mixed with ammonia, or liquid ammonia) but this requires 

the recovery and cleaning of solvents. In the solid phase reaction, the main problem is to 

remove reaction heat and so minimise by-product formation and prevent melamine 

decomposition. 

 Melamine is produced from urea either under high pressure or using catalysts in a highly 

endothermic reaction. Much of the urea is decomposed to ammonia and carbon dioxide, 

and is recovered, most obviously for urea production. The process variants that use high 

pressure include the Allied Chemicals process, the Montecatini process and the Nissan 

process. The catalytic low-pressure processes include the Chemie Linz process, Dutch-

Staatsmijnen Process and the BASF process. 

 

3.2.4.2 Amides 
 

Amides are characterised by an acyl group (-CONH2) attached to an organic, e.g. formamide 

(HCONH2), carbamide (urea). 

 

(i) Acrylamide 

 

Acrylamide is manufactured by the reaction of acrylonitrile and water in a continuous stirred 

tank reactor operating at 100 ºC and 4 barg and with a copper-based catalyst. Hydrogen is used 

to activate the catalyst. The product is steam stripped from the resulting aqueous solution. 

Unreacted acrylonitrile can be recycled within the process to give almost complete chemical 

conversion [InfoMil, 2000 #83]. 

 

Environmental issues  

 

Air: Acrylonitrile. Residual atmospheric emissions are treated in a scrubber. 

 

Water: Copper from catalyst after separation by precipitation/flocculation. 

 

Wastes: AMD polymer, copper sludge, waste water treatment sludge. 

 

Energy: Exothermic process. Energy recovery is practised. 

 

(ii) Urea 

 

CO(NH2)2 is mainly used in the production of: fertiliser, additives to agricultural fodder, resins 

and glues (condensation reactions with formaldehyde), melamine, dyes and varnishes. Urea is 

produced by the exothermic reaction of liquid ammonia and liquid carbon dioxide at high 

pressure (200–250 bar) and temperature (160–200 ºC) to form ammonium carbamate. The use 

of ammonia and carbon dioxide raw materials can be optimised by recovery and recycling, and 

‘Total Recycle’ processes now exist (either by conventional recycling or by stripping). The 

ammonium carbamate decomposes endothermically at a lower pressure to urea and water. The 

urea solution is concentrated to molten urea in an evaporator (short residence times are used to 

minimise decomposition to ammonia and cyanic acid). Alternatively, the urea is crystallised and 
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subsequently separated from the solution by centrifuge. The urea melt or urea crystals can be 

used as raw material for different products, or prilled or granulated into solid product. Newer 

plants tend to use granulation, as the large volumes of cooling air used in prilling towers create a 

significant air emission [Austria UBA, 2000 #93]. Further information may be found in the 

BREF on Large Volume Inorganic Chemicals and in the EFMA’s (European Fertiliser 

Manufacturer’s Association) booklet entitled ‘Production of Urea and Urea Ammonium 

Nitrate’. 

 

Environmental issues  

 

Air: Exhaust gas from the prilling or granulation system contains ammonia and urea dust. This 

requires abatement with wet scrubbers, dry dust collectors or electrostatic precipitators. The 

efficiency of ammonia removal can be improved by using an acid washing solution, but this 

prevents recycling of the solution in the production process. The process for concentrating the 

urea solution creates an off-gas containing ammonia and carbon dioxide. 

 

Water: The process reaction produces approximately 300kg water per tonne of urea, mainly in 

the evaporation unit. Ammonia and carbon dioxide contaminants are removed by stripping or by 

distillation. A hydrolyser decomposes the urea contaminants into NH3 and CO2 (for process 

reuse). 

 

Wastes: 

 

Energy: 

 

3.2.4.3 Nitrous / nitro / nitrate compounds 
 

The two main nitration reactions are the nitration of aromatics and the production of explosives 

[Environment Agency (E&W), 1999 #6]. There are a number of issues depending on the 

combination of agent/reaction used, as detailed below. 

 

 There is a great diversity of raw materials and products. 

 Large amounts of acid gas are evolved from the process. 

 Large excesses of acid are used to drive the reaction. 

 Gas streams rich in nitrogen oxides (NOX) are formed. These may be diluted with air to 

convert the NO into NO2 and this can be treated in a scrubber containing weak caustic 

soda. Alternative techniques are recovery, via absorption in nitric acid, and SCR. 

 Cyclones are often used to remove surplus liquid. 

 

In aromatics nitration, the reactor is charged with an organic material plus a nitrating agent 

(often a ‘mixed acid’ of sulphuric acid/nitric acid) [Environment Agency (E&W), 1999 #6]. A 

wide range of operating conditions may be used but typically atmospheric pressure and a 

temperature of 100 ºC are used. On completion of the reaction, the mixture is quenched in water 

or ice (possibly in a separate vessel). Releases from the reactor may include: 

 

 acidic vapours (largely nitric or sulphuric acid) from the reaction and quenching; 

 unreacted nitrating agent arising from the use of excess to drive the reaction; 

 VOC emissions; 

 acidic waste waters. 

 

In the separation stage, the quenched mixture is separated using pressure filtration. Releases 

from this activity may include the below. 

 

 Filtrate contaminated with unreacted raw material and acid. Some may be recycled, most 

is neutralised with lime to form gypsum. Reprocessing of the filtrate to recover sulphuric 

acid is more common and is environmentally preferable. 
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 Dilute acidic wash waters (from washing the product on the filter) that will require 

neutralisation. 

 

In explosives nitration, glycerine or cellulose is nitrated in a reactor with mixed acid at about 

0 ºC. This evolves nitrogen oxide off-gases. The resulting chilled emulsion is separated and 

washed with water and sodium carbonate. Spent acid from separation is distilled to obtain the 

nitric and sulphuric acid components. This may generate releases of nitric acid and sulphuric 

acid from distillation, and acidic waste waters. 

 

3.2.4.4 Nitriles 
 

Acrylonitrile is the most commercially important nitrile product and is considered in detail as an 

illustrative process. 

 

(i) Adiponitrile 

 

Adiponitrile is an intermediate in the synthesis of nylon. It can be produced by the hydro-

cyanation of butadiene or the electro-hydrodimerisation of acrylonitrile. The electro-

hydrodimerisation of acrylonitrile is carried out in reactors that contain lead-plated carbon steel 

electrodes. The crude adiponitrile stream is vacuum-distilled to produce a product stream and 

high/low boiling fractions for incineration. A crystalliser is used to reclaim the majority of the 

phosphate and borate species from the electrolyte. The aqueous phase from the crystalliser is 

sent for lead removal, in which sodium hydrogen sulphide is added to form a lead sludge for 

separation by centrifuge [Environment Agency (E&W), 1999 #7]. 

 

(ii) Hexa-methylenediamine 

 

Adiponitrile may be catalytically hydrogenated to produce hexa-methylenediamine (HMD) 

either by a high-pressure process or a low-pressure process. In the high-pressure process, liquid 

ammonia is used to suppress the formation of by-products and, with typical hydrogenation 

temperatures of 80–150 ºC, this results in operating pressures in the range 200–340 barg that 

maintain the ammonia in the liquid phase. In the low-pressure process, alcohols and/or an 

aqueous alkali are used to suppress the formation of by-products. The hydrogenation catalyst 

may be a catalyst slurry or a fixed bed of reduced cobalt, iron, ruthenium or Raney nickel 

[Environment Agency (E&W), 1999 #7]. 

 

3.2.4.5 Cyanates / isocyanates 
 

Cyanates and isocyanates contain the radical –NCO. Mono-isocyanates are used commercially 

but the term usually refers to diisocyanates. Toluene diisocyanate and diphenylmethane 

diisocyanate are described in Chapter 6 of this BREF. 

 

3.2.4.6 Other  
 

(i) Caprolactam 

 

Hexamethyleneimine is the main raw material for the production of polyamide-6 (nylon). 

Caprolactam is produced via the intermediate cyclohexanone (ketohexamethylene), some of 

which is used as a solvent in the production of paint. A caprolactam production unit typically 

consists of four stages [InfoMil, 2000 #83]. 

 

1) Cyclohexanone (ANON) plant: cyclohexanone is produced catalytically from phenol and 

hydrogen. By-products are cyclohexanol and residues (tar). Cyclohexanol is converted into 

cyclohexanone whilst the generation of hydrogen takes place. Tar is incinerated for heat 

generation purposes. Waste gas from the reactors contains hydrogen and methane. Methane 

is an impurity of the hydrogen gas. The waste gas is used in the site fuel gas system or 

flared. 
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2) Hydroxylamine phosphate oxime (HPO) plant: oxime, the basic intermediate for 

caprolactam production, is produced via the phosphate route. This utilises two circular 

counter-current liquid streams of an inorganic liquid (ammonium nitrate, phosphoric acid 

and water) and an organic stream (mainly consisting of toluene). 

3) Hydroxylamine sulphate oxime (HSO) and caprolactam purification plant: oxime from the 

HSO route plus the oxime from the phosphate route are converted to caprolactam via the 

sulphate route. 

4) Caprolactam finishing plant: caprolactam is extracted with benzene. A water wash then 

removes ammonium sulphate and organic impurities. The remaining benzene is evaporated 

in a stripper. Further purification is achieved by ion exchange, by catalytic hydrogen 

treatment, by evaporation and by distillation.  

 

Environmental issues  

 

Air: The cyclohexanone plant has emissions of cyclohexanone, cyclohexanol, benzene and 

cyclohexane from tank vents and vacuum systems. The HPO plant has emissions of 

cyclohexanone from tank vents and vacuum systems; toluene tank vent emissions; NOX and 

NO2 from the catalytic NOX treatment unit. The HSO plant has emissions of cyclohexanone and 

benzene from tank vents and vacuum systems; SO2 emissions; NOX and NO2 from the catalytic 

NOX treatment unit. Waste gases from the HPO and HSO plants are used as fuel or flared. 

Waste gases with nitric oxide and ammonia are converted to nitrogen and water over a catalyst. 

Benzene tanks are connected to a vapour destruction unit. Vents on oleum, phenol and ammonia 

storage tanks are equipped with water scrubbers. Balancing lines are used to reduce losses from 

loading and unloading. 

 

Water: After effluent stripping with steam, the main residual contaminants are caprolactam, 

cyclohexanone and oxime, and effluent can be treated biologically. The main TOC loads are 

from the cyclohexanone production. For the manufacture of caprolactam from cyclohexanone, 

specific water volume is in the range of 0.1–1 m
3
/t and the COD load is 1–10 kg/t. Although 

ammonia can be separated as a saleable product, effluents may still contain considerable 

ammonia loads that can be reduced by biological nitrification/denitrification. 

 

Wastes: Tar from cyclohexanone production is incinerated. Catalysts are recovered. 

 

Energy: Waste heat recovery is widely applied. 

 

(ii) Pyridine 

 

N(CH)5 is manufactured worldwide by the catalysed ammonolysis of acetaldehyde and 

formaldehyde. Methylpyridine is a by-product of the 2,2-bipyridyl manufacturing process, 

which involves the use of pyridine. Dimethylpyridine a batch fraction can be produced as a by-

product from a wet pyridine recovery plant. 

 

3.2.4.7 Waste Water Issues Nitrogenated Compounds 
 

[Note to TWG: It is proposed to delete this information from the revised BREF as it will be 

superseded by the CWW BREF.] 

 

A survey of German nitrogenated processes quantifies the volume of waste water arisings and 

COD/AOX loads after any pre-treatment but prior to biological treatment ( 
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Table 3.7: ). The survey also gives the pre-treatment techniques used to make waste waters 

amenable to biological treatment ( 

Table 3.8: ) 
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Table 3.7: Quantification of waste water arisings from nitrogenated processes 

Product 
Waste water volume 

(m³/t product) 

COD 

(kg/t product) 

AOX 

(g/t product) 

 <0.1 
0.1 -

 1 

1 -

 10 
>10 <0.1 

0.1 -

 1 

1 -

 10 
>10 <0.1 

0.1 -

 1 

1 -

 10 

10 -

 100 

>10

0 

Nitrobenzene   X   X     X     

Acrylonitrile    X    X        

Caprolactam   X     X    X    

Aniline 

(hydration of 

nitrobenzene) 

   X    X   X     

Aniline 

(reduction 

with iron) 

   X   X         

TDA    X     X       

TDI 

(+phosgene) 
   X    X     X   

Ethanol-

amine 
  X    X         

MDA   X   X        

MDI 

(+phosgene) 
 X   X     X    

NB: Figures include all emissions except rainwater and cooling water blowdown. 

Source: [UBA (Germany), 2000 #88] 

 

 

 
Table 3.8: Non-biological treatment techniques for nitrogenated process waste waters  

Product 

Treatment technique 

Incineration Stripping Distillation Extraction 
Sedimentation 

& Flocculation 
Hydrolysis 

Adsorptio

n 

Nitrobenzene  X  X    

Acrylonitrile X  X     

Caprolactam        

Aniline 

(hydration of 

nitrobenzene) 

 X X     

Aniline 

(reduction with 

iron) 

  X X    

TDA X X  X    

TDI (+phosgene) X       

MDA   X X    

Source:[UBA (Germany), 2000 #88] 

 

 

3.2.5 Phosphorous-containing hydrocarbons 
 

The Industrial Emissions Directive (IED) (Section 4.1(c) of Annex I) gives no examples to 

explain the term ʻphosphorous-containing hydrocarbonsʼ. 

 

These are a specialised group of products and most are of importance in agricultural 

insecticides. The sector may include [EC DGXI, 1992 #23]:  

 

 diethyl phosphorodithioate (as used in phosalone) 

 diethyl phosphorochloridothioate (as used in demeton, phoxim, parathion)  

 dimethyl hydrogen phosphorodithioate (as used in malathion) 

 dimethyl hydrogen phosphorothiaote (as used in omethoate). 

 

It is possible that no substances in this sector are produced in excess of the nominal 100 kt/yr 

threshold for LVOC.  
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3.2.6 Halogenic hydrocarbons 
 

The Industrial Emissions Directive (IED) (Section 4.1(c) of Annex I) gives no examples to 

explain the term ʻhalogenic hydrocarbonsʼ. 

 

Processes for the production of the following halogenic hydrocarbons are described in the 

subsequent illustrative chapters of this document. 

 

Ethylene dichloride/vinyl chloride (EDC/VCM): 

 

Table 3.9 gives Europe’s most important halogenated organic products (in tonnage terms). The 

table also indicates what type of process description is provided in the BREF (if any). 

 
Table 3.9: Halogenated organics with European production capacities in excess of 100 kt/yr 

[Request to TWG: The information in this table taken from the current BREF is significant out 

of date. Can you please provide more up-to-date information or advise on the deletion of this 

table]  

 
Product Production capacity (kt per year) Process description? 

1,2-Dichlorethane (EDC) 10817 Illustrative Process 

Vinyl chloride (VCM) 6025 Illustrative Process 

Methyl chloride 466  

Perchloroethylene 434  

Methylene chloride 321  

Chloroform 318  

Epichlorohydrin 290 X 

Allyl chloride 244 X 

Chlorobenzene 233  
Tetrachloromethane 205  

Trichlorethylene 202  

Ethyl chloride 107  

N.B. based on Standard Research Institute (SRI) data, Directory of Chemical Products Europe, 

Vol. II, 1996 

Source:[UBA (Germany), 2000 #89]  

 

Chlorinated products have most commercial importance, and there are few large volume 

brominated products. The most commercially important halogenation reaction is the production 

of ethylene dichloride/vinyl chloride (EDC/VCM) and this is considered in detail as an 

illustrative process in Chapter 16. Other commercially or environmentally important 

halogenation reactions are: 

 

 the further chlorination of EDC to trichloroethylene and perchloroethylene; 

 hydrochlorination of methanol to methyl chloride (and further chlorination to methylene 

chloride); 

 hydrofluorination of chlorocarbons (e.g. chloroform) to hydrochlorofluorocarbons 

(HFCs). 

 

Halogenation processes are typically carried out in large-scale plants where an organic 

feedstock is reacted with halogen or halide in a pressurised continuous reactor at elevated 

temperature in the presence of a catalyst. A range of halogenated organic products is formed, 

which are separated by condensation and distillation in a train of columns depending on the 

complexity of the mixture. Unwanted by-products are recycled to the process where possible. 

Unreacted halogen and halide are recovered and returned to the process or other productive use 

wherever practicable. Where it is necessary to vent a gas stream, the release of VOCs is abated 

by an appropriate technique (e.g. incineration, adsorption). Emergency vents are directed to a 

collection system with suitable abatement facilities. Residues such as heavy ends from 

distillations are incinerated and not released to land. 
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Although halogenation is characterised by a very wide variety of reaction options, a number of 

environmental issues are associated with virtually all options, namely [Environment Agency 

(E&W), 1999 #6]: 

 

 the potential for release of organo-halogens to the air, water and land environments; 

 the potential for formation of dioxins; 

 sophisticated storage and handling techniques may be required; 

 halide and halogen gases are formed and require abatement by water and/or caustic 

scrubbing. 

 

The choice of halogenating agent is obviously dependent on the reaction chemistry, but a 

consideration of the strengths and weaknesses of the alternative agents gives an insight into 

some generic factors in their use, see Table 3.10. 

 
Table 3.10: Comparison of halogenating agents 

Halogenating agent Advantage(s) Disadvantage(s) 

Chlorine 

Many reactions will generate only 

gaseous by-product streams, which 

are easily removed from the off 

gas. On completion of the 

reaction, only small amounts of 

chlorine usually remain. 

Sophisticated storage and handling 

facilities are normally required. 

Bromine 

As for chlorine. 

Can be contained in small, easily 

handled containers. 

As for chlorine. 

Iodine 

Readily available. 

Does not require sophisticated 

storage facilities. 

Charging of the solids to the reaction 

vessel may require special solids handling 

equipment. 

Difficulties with certain waste disposal 

routes. 

Thionyl chloride / 

Sulphuryl chloride 

Many reactions will generate 

gaseous by-product streams, which 

are most easily removed from the 

off-gas. 

Readily available in containers of 

up to 200 litres. 

Does not require sophisticated 

storage facilities. 

Reacts violently with water, alcohols, etc. 

On completion of the reaction, 

considerable excess quantities can remain 

and these have to be removed by 

distillation. 

Removing the reaction product may be 

difficult. 

Phosphorus tri- 

and penta-chloride 

Readily available in containers of 

up to 150 litres and in bulk. 

On completion of the reaction, 

may be removed by filtration. 

Charging of solids to the reaction vessel 

may require special solids handling 

equipment. 

Effluent containing phosphorus 

compounds may require specialist 

treatment. 

Reacts violently with water and fumes on 

contact with moist air. 

Aluminium 

chloride 

Readily available. 

Does not require sophisticated 

storage facilities. 

Can be used to carry out chemical 

reactions to produce substances 

that would be difficult to make 

using other approaches 

Fumes readily in contact with moist air, 

generating hydrogen chloride and 

aluminium hydroxide. 

Generates a considerable volume of 

aqueous effluent containing aluminium 

salts. This effluent is usually highly acidic. 

Charging of solids to the reaction vessel 

may require special solids handling 

equipment. 

Hydrogen halides 

Readily available in anhydrous 

form or aqueous solution. 

May generate no gaseous by-

product. 

Sophisticated storage and handling 

facilities are often required. 
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Source:[Environment Agency (E&W), 1999 #6] 

 

Halogenation processes will nearly always involve a reaction vessel (to combine an organic feed 

with the chosen halogenating agent) and a separation technique (to segregate waste from 

product). The main releases from reactors will be VOCs (potentially organo-chlorines), 

halides/halogens, and an aqueous solution of reaction medium (HCl or inorganic salts). 

Separation processes may create wash waters (from filtration) and VOCs (from evaporation) 

[Environment Agency (E&W), 1999 #6]. 

 

(i) Allyl Chloride 

 

Allyl chloride is produced by the chlorination of propylene. The substantial quantities of 

chlorinated by-products (HCl, dichloropropane, 1,3-dichloropropylene) are separated by 

distillation and incinerated. HCl is recovered from the incinerator, for sale. Waste gases are 

scrubbed with an alkali liquor and this produces calcium and sodium hypochlorite [InfoMil, 

2000 #83]. Some plants may incinerate waste gas and this avoids waste water generation. 

 

(ii) Chloroflouro Hydrocarbons (CFCs) 

 

CFCs are used as cooling fluids and raw material for production of TFE (tetrafluoro ethylene) 

monomer. CFCs are produced from chloroform and hydrogen fluoride, with the help of a 

catalyst. Hydrogen chloride is formed as a by-product and is purified for sale as a 30 % HCl 

solution in water [InfoMil, 2000 #83].  

 

Environmental issues  

 

Air: Waste gases are thermally incinerated. A 30 % solution of HF in water is recovered for 

sale. Chlorine vapours are sent to chlorine destruction. Pollutants are VOCs, aromatic 

halogenated hydrocarbons, freons, and trichlormethane – mostly from fugitive sources. 

 

Water: Air strippers remove organic compounds (e.g. chloroform) from waste water and pass 

vapour to the incinerator. Main pollutants are inorganic chlorine and fluorine compounds. 

 

Wastes: The used catalyst is regenerated externally. 

 

Energy: Endothermic process. 

 

(iii) Epichlorohydrin 

 

Epichlorohydrin is produced by a two-step aqueous phase reaction. In the first stage of 

epichlorohydrin (chloropropylene oxide) production, allyl chloride and hypochlorite are reacted 

to produce dichlorohydrin and HCl. In a combined hydrolysis/rectification unit, the 

dichlorohydrin is further reacted with dichloro isopropanol to form epichlorohydrin, which is 

instantly separated from the aqueous solution. The by-products include trichloro propane, 

tetrachloro propylethers and chloroether [InfoMil, 2000 #83]. The waste water organic load can 

be reduced by extension of the product rectification column. Lime and other inorganic solids are 

separated by filtration. The organic load (TOC) consists mainly of glycerine that is easy to 

biodegrade. As an alternative to biological treatment, the treatment with hypochlorite is applied 

to remove COD and AOX (reduction 90 % and residual AOX of 3 mg/l). Emissions after 

treatment are about 3.5 kg COD/t product, 150 g AOX/t product and 3 g EOX/t product. 

Application of sodium hydroxide instead of calcium hydroxide in the aqueous process steps 

may reduce the release of heavy metals and the related toxicity of the waste water effluent. 

 

3.2.6.1 Waste water issues halogenic compounds 
 

[Note to TWG: It is proposed to delete this information from the revised BREF as it will be 

superseded by the CWW BREF.] 
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A survey of German processes quantifies the volume of waste water arisings and the COD/AOX 

loads after any pre-treatment but prior to biological treatment ). The survey also records the pre-

treatment techniques used to make waste waters amenable to biological treatment. 
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Table 3.11: Quantification of waste water arisings from halogenated processes 

Product 

Waste water volume 

(m³/t product) 

COD 

(kg/t product) 
AOX(g/t product) 

<0.1 
0.1 -

 1 

1 -

 10 
>10 

<0.

1 

0.1 -

 1 

1 -

 10 
>10 <0.1 

0.1 -

 1 

1 -

 10 

10 -

 100 
>100 

EDC (by direct 

chlorination) 
X     X    X     

EDC (by oxy-

chlorination) 
  X    X    X    

Methylchloride     X   X    X    

Epichlorohydrin 

/ Allylchloride 
     X    X     X 

Chloro-benzene   X   X      X   

Ethyl chloride     X  X      X   

NB: Figures include all emissions except rainwater and cooling water blowdown. 

Source: [UBA (Germany), 2000 #88] 

 

 
Table 3.12: Non-biological treatment techniques for halogenated process waste waters 

Product 
Treatment technique 

Incineration Stripping Distillation Extraction 
Sedimentation 

& Flocculation 
Hydrolysis Adsorption 

EDC (by direct 

chlorination) 
 X   X   

EDC (by oxy-

chlorination) 
 X   X X  

Epichlorohydrin 

/ Allylchloride 
 X    X  

Chloro-benzene  X     
 
 

Source:[UBA (Germany), 2000 #88] 

 

 

3.2.7 Organometallic compounds 
 

The Industrial Emissions Directive (IED) (Section 4.1(c) of Annex I) gives no examples to 

explain the term ʻorganometallic compoundsʼ. 

 

Annex I to the IPPC Directive gives no examples to explain the term ‘organometallic 

compounds’ and the Paris Workshop [CITEPA, 1997 #47] did not elaborate upon the term. 

 

The limited information on organometallic compounds suggests that many are produced below 

the annual production capacity of 100 kt/yr that has been nominally chosen to define LVOC.  

 

(i) Organo-Lead, Organo-Lithium and Organo-Magnesium Compounds 

 

Whilst the production of every compound involves a unique approach, there are a number of 

common issues with the production processes for organo-lead, organo-lithium and organo-

magnesium compounds, namely [Environment Agency (E&W), 1999 #6]:  

 

 the reactions are strongly exothermic and require control to prevent emergency venting of 

the reactor contents; 

 the reactions are sensitive to the presence of atmospheric oxygen and moisture, which can 

compromise product quality and, in some cases, can give rise to pyrophoric reactions; 

 organic solvents are used extensively due to the widespread potential for water to 

adversely affect the reactions; 

 the presence of both organic and metal-based pollutants in waste streams; and 

 a large number of side reactions that can reduce reaction yields and increase the 

complexity of wastes. 

 

In addition to these general issues, the production of each type of compound gives rise to a 

number of specific issues. 
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There is still a limited market for lead alkyl products, particularly outside Europe, but this is 

steadily declining. All existing processes are based on the batchwise reaction of lead/sodium 

alloy with ethyl or methyl chloride. The main issues to note with this type of reaction are as 

follows [Environment Agency (E&W), 1999 #6]. 

 

 Tetramethyllead (TML), but not tetraethyllead (TEL), is unstable on its own and is thus 

manufactured, stored and sold as an 80:20 mixture with toluene. 

 A large excess of lead needs to be used during the process, with the result that up to 75 % 

of the lead is not incorporated into the product and needs to be recovered. Other reagents, 

(e.g. alkyl chlorides) are also used in excess and need to be recovered. 

 The reaction usually takes place under pressure to ensure that the normally gaseous alkyl 

chloride reagent is present in the reaction vessel as a liquid. 

 TEL can be removed from gas streams by the use of mineral oil-based, packed tower 

absorbers. TEL is recovered from the oil by stripping under vacuum with heating. 

 Waste waters will typically receive pH adjustment followed by settlement to remove 

inorganic lead compounds. Lead-rich sludges can be collected and sent for recovery. 

Soluble organo-lead compounds can be removed by reduction with sodium borohydride 

or zinc. Alternatively, chemical precipitation can be used, followed by adsorption and 

ozone treatment. 

 

Table 3.13 summarises some of the key process units and sources of release in the reaction. 

 
Table 3.13: Key process units and releases in lead compound production 

Unit Activity Main release(s) 

Reactor 

(autoclave) 

Reagents are charged to the reactor with 

catalyst where they are refluxed at the desired 

pressure and temperature (typically 6 bar for 

TEL and 24 bar for TML and approx. 65 ºC 

for both). 

Hydrocarbons and alkyl chloride 

vented from reflux. 

Excess alkyl chloride vented off at 

completion of reaction. 

Batch still 

(reactor) 

Reaction mass from autoclave is transferred to 

a batch still precharged with water. 

TML/TEL is then distilled off by direct steam 

injection and condensed and collected in a 

separation vessel. 

Remaining alkyl chloride driven off as 

batch still heated. 

Still residues (primarily lead, sodium, 

chloride, sodium hydroxide and alkyl 

chloride). 

Phase 

separation 

Remaining water and impurities are removed 

from TML/TEL by phase separation. 

Lead and other impurities in aqueous 

stream. 

Blending 
TML/TEL is blended with a variety of 

materials to form final product. 

Dibromo- and dichloroethane from 

blending process. 

Collection 

pits 

Effluents from the various stages in the 

process are directed to collection pits for the 

recovery of lead. 

TEL/TML vapours. 

Source:[Environment Agency (E&W), 1999 #6] 

 

The most important lithium alkyl is n-butyllithium, which is used extensively as an initiator in 

polymerisation reactions. All commercial production of n-butyllithium is based on the reaction 

of lithium metal with n-butyl chloride. The most important elements in its production follow 

[Environment Agency (E&W), 1999 #6]. 

 

 Some reagents and the product are pyrophoric and they also react exothermically with 

water to form butane gas. The process therefore takes place in a hydrocarbon solvent that 

excludes moisture and air. The main solvents used are pentane, hexane and cyclohexane. 

 Large amounts of inert gas (nitrogen and argon) are used during parts of the process and 

these will entrain volatiles. 

 Vents are fitted with oil bubblers to prevent the ingress of air/moisture into the process. 

Oil from these bubblers may be volatilised and lost to atmosphere. 

 Lithium metal is expensive, and therefore considerable attention is paid to its recovery 

during the process and from subsequent waste water treatment. 

 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 3 

SH/TS/EIPPCB/LVOC Draft 1 April 2014 133 

Table 3.14 summarises the main process steps, release points and substances released. 

 
Table 3.14: Main process steps in the production of n-butyllithium 

Unit Activity Main release(s) 

Reactor 

Lithium ingots are melted in mineral oil at 180–190 ºC 

and then cooled to form 'clean' finely divided lithium. 

The mineral oil is drained from the reactor and a 

hydrocarbon solvent added to wash the lithium. This too 

is drained from the reactor to form a lithium dispersion. 

Mineral oil drained from the 

reactor and hydrocarbon wash 

contaminated with lithium. 

Hydrocarbon solvent emissions 

to air. 

Reactor 
Lithium dispersion is charged to the reactor and butyl 

chloride added at a constant rate. 

Hydrogen. Hydrocarbon 

solvent emissions. 

Filtration 
Reaction mass is filtered twice. The resulting filtrate is 

the product. 
Filter cake sent for recovery. 

 

Organo-magnesium compounds are used extensively as Grignard reagents. A wide variety of 

reactions have been developed to produce specific compounds, but typically these can be 

viewed as the displacement of a halogen by magnesium from the desired organic group. The 

most important element of the production of organo-magnesium compounds is that they are 

always made and used in an organic solvent, typically ethers (e.g. tetrahydrofuran) which 

provide good solubility. Although a wide variety of different reactions can be used, a typical 

reaction may consist of the process units, activities and releases outlined in Table 3.15. 

 
Table 3.15: Production of organo-magnesium compounds 

Unit Activity Main release(s) 

Reactor 

Solvent and magnesium metal are charged to 

the reactor before the controlled addition of an 

organo-halide. 

Alkyl halide and solvent emissions 

to air. 

Reactor 
Reaction mass is transferred to another reactor 

for the addition of a second organic compound. 
Solvent emissions to air. 

Distillation To recover solvent. 
Solvent emissions to air. 

Distillation column bottoms. 

Phase 

separation 

Reaction mass is acidified, with the result that 

magnesium salts are driven into aqueous phase. 

Product concentrates in organic phase. 

Aqueous phase for effluent 

treatment. 

Source:[Environment Agency (E&W), 1999 #6] 

 

(ii) Organo-Tin Compounds. 

 

In 1989, it was reported [EC DGXI, 1994 #24] that only six companies within Europe produced 

dibutyltin compounds and the highest production rate was a mere 4.4 kt/yr (at Ciba Geigy AG 

Hessen, Germany). Such have been the environmental pressures on the use of organo-tin 

products in the intervening period that current European production is probably even lower. 

Production is predominantly in multi-purpose batch plants and products are unlikely to meet the 

criteria for classification as LVOC.  
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3.3 Emerging techniques 
 

3.3.1 Bio-based LVOCs process routes 
 

The section summarises an emerging industrial cluster that is manufacturing large volume 

organic chemicals with the use of bio-based feedstock. 

 

Bio-based organic chemicals are being produced on an industrial scale. There are also many of 

these bio-based processes being developed on a pilot scale or in semi-works units. Some of 

these processes are able to deliver LVOC chemicals without the oil-based feedstock. It is 

debatable whether this should be included in the emerging techniques section as there are many 

industrial scale facilities. Bio-based feedstock represents 5% of the EU chemical industry 

(Cefic, Bridge, 2013). Industrial policy and import duties have a big impact on bio-based 

feedstock prices. Some of them are either heavily dependent on internal subsidies or are affected 

by competitors that are receiving high subsidies from other countries outside the EU. As with 

bio-based fuels, some plants have been closing in the EU due to market instability. 

 

Some of these industrial installations have a very low production rate (<20,000 kt/year).  

Environmental benefits of these units often include lower CO2 emissions when including 

photosynthesis of crop-based raw materials. 

 
Table 3.16 Global market projection for platforms and fine chemicals (

1
) by bio based process 

routes 

Product category Products 
Market volume 

"Bio" 2010 (
2
) 

Projected market 

volume  "Bio" 2020 (
2
) 

Succinic acid Polymers, sweetener 2,500 >>1,000,000 

1,4 Butanediol 
Polyesters, 

polyurethanes 
<100 > 200,000 

1,3 Propanediol Polyesters 45,000 (
3
) 1,400,000 

Epichlorhydrin Epoxy resins 10,000 300,000 

Acrylic acid Polyacrylates Pilot quantities 450,000 

Isoprene Elastomers Pilot quantities 50,000 

Ethanol Chemicals n.a. 430,000 

Lactic acid 
Monomeric acid 280,000 500,000 

Polylactic acid (PLA) 140,000 1,200,000 

Sorbitol 

Surfactants, polyethers, 

isosorbide 
140,000 (

3
) 300,000 

Others 1,100,000 1,340,000 
Source: Busch & Wittmeyer, Current market situation 2010 and market forecast 2020 

(1) Figures from Novamont Spa, Valbiom NNFCC, Roquette Frères S.A. 

(2) In tonnes 

(3) Mostly outside Europe 

 

 
Table 3.17 Predicted North American markets for some high growth chemical intermediates 

in 2020 

Intermediate Production in 2020 (metric tonnes) 

Polylactic acid 640,000 

Citric acid 450,000 

Propylene glycol 1,300,000 

Sorbitol 400,000 

Formaldehyde 7,500,000 

1,4, butanediol 860,000 
Source: Towers  et al. 2007 

 

3.3.2 Sugar fermentation route 
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The old route to obtain these basic chemicals and the most mature process design included 

fermentation. Some of the chemicals derived from bio-based feedstock are the building blocks 

of the chemical value chain to obtain others (as in the oil-based one). 

 

3.3.2.1 Ethanol 
 

This is covered in the thumbnail description section of this document. Ethanol can be converted 

to ethylene by passing ethanol vapour over a heated fixed-bed alumina catalyst. The ethylene–

water mixture is quenched and the two components separated. Although this route would be 

prohibitively expensive in countries with a well-developed petrochemical industry, the ethanol-

to-ethylene method is used in Brazil, which has a large government-supported ethanol 

fermentation program. 

 

Acetaldehyde, now made via a petrochemical route, can also be produced from ethanol. Ethanol 

is vaporised and passed over a heated, fixed-bed chromium-activated copper catalyst. Hydrogen 

is separated from the acetaldehyde and untreated ethanol is recycled. Acetaldehyde may also be 

converted to n-butanol via acetaldol and crotonaldehyde, although this process is expensive.  

Butadiene was once produced from ethanol in a single-step process in which acetaldehyde and 

ethanol were passed over a tantalum oxide on silica gel catalyst. Energy-intensive distillation 

operations necessary for product purification make this process expensive. 

 

3.3.2.2 Lysine 
 

L-lysine is an amino acid used as an animal feed additive, raw material for pharmaceutical salts 

and peptide drugs, and in diagnostic aids. The US imports most of its supply from China where 

L-lysine is produced from cornstarch and molasses. Markets for L-lysine are relatively small. 

An improved process is necessary to make production in the US economically competitive with 

imported lysine. 

 

3.3.2.3 Butanol  
 

It is a platform chemical with several large volume derivatives, and is used as a solvent and in 

plasticisers, amino resins and butylamines. Butanol can also be used as a bio-based 

transportation fuel and is more fuel-efficient than ethanol on a volume basis. . 

During the early 20th century the primary butanol production method was glucose fermentation, 

producing a mixture of acetone, butanol and ethanol. The yields were low (15 wt %) and the 

process was complex and difficult to control, leaving the door open for development of 

petrochemical routes to butanol. The primary petrochemical route used today involves the 

hydrogenation of n-butyraldehyde. Ongoing R&D, however, is focusing on improving the bio-

based routes in order to make bio-based butanol more cost-competitive. 

 

3.3.2.4 Succinic acid 
 

This acid and its salts form a platform from which many chemicals can be produced. Industrial 

succinic acid is currently produced from butane through maleic anhydride, and food-grade 

succinic acid is produced through older fermentation and separation technology. Both routes are 

costly and this has limited use of succinic acid to specialised areas. Succinic acid can also be 

produced through the fermentation of glucose. Advances in fermentation and especially 

separation technology for the bio-based route have already reduced the potential production 

costs to about USD 1.1 per kg. Commercialisation of these low-cost routes would have a 

significant impact on the demand for succinic acid and expand current markets as well as open 

up new markets for the acid and its derivatives, such as THF, BDO, GBL, NMP, 2-pyrrolidone 

and succinate salts, and make these (nearly) cost-competitive with their fossil-based 

counterparts. 

 

Commercial name of product: Biosucinium 
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Manufacturer: Roquette 

LVOC substitute: succinic acid is a substitute for adipic acid (and TDI or MDI) 

Reference plant: Cassano plant operational end of Q3 2012 

3.3.2.5 PHAs  
 

These are a family of natural polymers produced by many bacterial species for carbon and 

energy storage. They are extremely versatile and can be used in a broad range of applications. 

Their performance exceeds that of PLA, and PHAs could capture a large share of the plastics 

market if they could be produced at a competitive cost. Metabolix4 has developed a low-cost 

fermentation technology for PHAs and claims this advanced fermentation technology would 

permit large-scale commercial production for under USD 2.2 per kg. Production at this cost 

could open up a significant market for fermentation-based PHA. A still cheaper route to PHAs 

is genetic modification of plants to produce the final polymer directly in plants. 

3.3.2.6 Lactic acid  
 

In 1932, the inventor of polyamide-6.6, W. H. Carothers developed, together with van Natta, a 

polyester made from lactic acid, poly(lactic acid). In the late 1990s this poly(lactic acid) was 

commercialised by the company NatureWorks (Cargill, the former Cargill Dow). It is 

commercially produced today through the fermentation of glucose. Approximately 33 000 

tonnes pounds are used annually in the US, primarily in food and beverages. Lactic acid has also 

been used to some degree in biodegradable polymers, and as an electroplating bath additive, 

mordant, and textile and leather auxiliary. There are many potential derivatives of lactic acid, 

some of which are new chemical products, and others that represent bio-based routes to 

chemicals currently produced from petroleum. Possible lactic acid derivatives are polylactide 

(PLA)3, ethyl lactate, acrylic and pyruvic acid, lactic amide, lactide, propylene glycol, 1-amino-

2-propanol, lactonitrile and 2,5-dimethyl-1,4-dioxane. 

 

3.3.3 Sugar thermochemical route 
 

3.3.3.1 Sorbitol 
 

It is produced through the hydrogenation of D-glucose. Over 280 000 tonnes are produced in the 

US each year. The markets for sorbitol are well-developed and growth is projected to be low. 

However, new catalysts and technologies for the conversion to glycols are creating new 

opportunities. Propylene glycol (PG), ethylene glycol (EG) and glycerol are often collectively 

referred to as glycols, and are used in many industrial and consumer applications. Glycol 

derivatives include numerous polyester resins and copolymers, polyethers, and alkyd resins 

Isosorbide (from sorbitol) 

 

Commercial name of product: Polysorb 

 

Manufacturer: Roquette 

 

LVOC substitute: monomers for polyesters, polycarbonates, etc. 

 

Reference plant 

 

3.3.3.2 Fulfural 
 

Since 1922 Quaker Oats Cereal Mill in Cedar Rapids/Iowa, USA, has produced up to 2.5 tonnes 

of furfural per day from oat husks. In 1934 the process was established as an industrial furfural 

plant. Furfural was the cheapest aldehyde, at USD 0.35 –037 per kg. Until approximately 1960 

DuPont used furfural as a precursor of nylon-6.6. Furfural has since been substituted by fossil-

based precursors. 
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3.3.3.3 Levulinic acid 
 

It has been well-explored as a platform intermediate. Current production is fossil-based and due 

to high costs (USD 8.8 – 13.2 /kg), the use of levulinic acid and its derivatives has been limited 

to high-value speciality applications such as a chiral reagent, biologically active material, 

corrosion inhibitor, and others. The Biofine5 process converts lingo-cellulosic material such as 

paper mill sludge, municipal solid waste, paper and wood wastes, and agricultural residues to 

levulinic acid using high temperature, dilute-acid hydrolysis. Co-products include furfural, 

formic acid, and a solid residue that can be used as fuel. Levulinic acid can be used in existing 

or new applications or converted to other chemicals. Chemicals that might be derived from 

levulinic acid include methyl tetrahydrofuran (MTHF), d-amino levulinic acid (DALA), and 

diphenolic acid (DPA). MTHF is manufactured by the hydrogenation of furfural and is currently 

used to produce primaquine, an antimalarial drug, but might also be used as a transportation fuel 

extender. MTHF will, however, have to compete with ethanol's USD 3 per litre production cost 

in order to penetrate the transportation fuel additive market. DALA is the active chemical in 

herbicides and pesticides, but has also been found to be useful in photodynamic therapy as a 

cancer treatment. Diphenolic acid (DPA) is an alternative to bisphenol A (BPA), which is used 

in polymers such as polycarbonates and as a co-monomer in phenolic resins, offering a large 

potential market for diphenolic acid, but only if it is cost-competitive with BPA, which sells for 

just under USD 2.2 per kg. Other potential derivatives of levulinic acid include tetrahydrofuran 

(THF), 1,4-butanediol (BDO), g-butyrolactone (GBL) and n-methyl pyrrolidone (NMP). 

 

Commercial name of product: Gaialene 

 

Manufacturer: Roquette 

 

LVOC substitute: Lower olefins 

 

Reference plant: 25 000 t/year in Lestrem (North of France) 
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4 LOWER OLEFINS  
 

4.1 General information 
 

[Request to TWG: please check the production capacity information and the detailed list of 

production sites set out in Table 4.1 and provide updates and corrections where appropriate.] 

 

Lower olefins comprise a range of unsaturated hydrocarbons, primarily ethylene, propylene, 

butylenes and butadienes. They are important building blocks for the production of a range of 

products that are based on organic chemistry, including plastics, polymers and man-made fibres. 

 

Steam cracking is currently the most commonly applied technology for the production of lower 

olefins in Europe and is the process described in detail in this chapter. In 20YY, there were in 

excess of ## (ethylene) steam crackers operating within the EU. Steam cracking involves the 

high temperature pyrolysis (ʻcrackingʼ) of a saturated hydrocarbon feedstock in the presence of 

steam. The cracked co-products that result are predominately lower olefins, but a range of other 

co-products will also be formed during the process, including hydrogen, methane, alkynes, and 

alkanes. The range of saturated hydrocarbon feedstocks that can be used for steam cracking is 

potentially very wide, ranging from natural gas to heavy oils. The majority of European steam 

crackers ordinarily use naphtha as their primary feedstock, although a range of other feedstocks 

(such as gas oil, LPG and ethane) can also be routinely used. Natural gas is not normally a 

major feedstock for steam crackers located in Europe, primarily due to availability and cost 

factors. 

 

In 20YY, the majority (#%) of ethylene that was produced was used for the manufacture of 

polyethylene, although ethylene also plays an important role in the manufacture of polystyrene 

(via ethylbenzene and styrene Chapter 14 ), glycols (via ethylene oxide –Chapter 7 ) and PVC 

(via 1,2-dichloroethane and vinyl chloride – see Chapter16).  

 

In 20YY, the primary use of propylene (#%) was in the manufacture of polypropylene. 

However, the manufacture of other important products, such as acrylic esters (via acrylic acid), 

phenol and acetone (via cumene), acrylonitrile fibres, butanol and ethylhexanol (via 

butyraldehyde) and glycol (via propylene oxide), also relies on propylene.  

 

In 20YY, the primary use of butadiene (#%) was in the manufacture of styrene/butadiene and 

polybutadiene rubbers and latexes. However, butadiene also plays a role in the production of 

adiponitrile, which is the precursor in the manufacture of nylon.  

 

In 20YY, the primary use of butylenes (#%) was in making synthetic rubbers.  

 

In 20YY, the production capacity of lower olefins in Europe was ## million tonnes, which was 

XX % of global capacity. This included ## million tonnes of ethylene, ## million tonnes of 

propylene, ## million tonnes of butadiene and ## million tonnes of butylenes. Global production 

capacity in 20YY was ## million tonnes. European production of lower olefins is summarised in 

Table 4.1 below. 
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Table 4.1: Producers of lower olefins in the EU 

Country City Operator Capacity 

(t/y) 

Belgium Antwerp BASF 1 080 000 

Germany Ludwigshafen BASF SE  

Belgium Kallo-Kieldrecht Borealis Kallo NV  

Finland Porvoo Borealis Polymers Oy 380 000 

Sweden Stenungsund Borealis AB 632 000 

Germany Gelsenkirchen BP Refining & Petrochemicals 1 100 000 

Netherlands Terneuzen Dow Benelux b.v. 1 810 000 

Spain Tarragona Dow Chemical Ibérica 675 000 

Germany Boehlen Dow Olefinverbund GmbH 580 000 

United 

Kingdom 

Fawley ExxonMobil CLOSED 

France ND Gravenchon ExxonMobil 420 000 

United 

Kingdom 

Mossmorran ExxonMobil / Shell 830 000 

Belgium Antwerp (TOTAL?)Fina Antwerp Olefins 609 608 

Germany Cologne INEOS Olefins 1 180 000 

United 

Kingdom 

Grangemouth INEOS Olefins  

Norway Rafnes INEOS Olefins 557 000 

France Berre LyondellBasell 465 000 

Germany Munchmunster LyondellBasell 428 000 

Germany Wesseling LyondellBasell 1 082 000 

Germany Burghausen OMV 450 000 

Austria Schwechat OMV 500 000 

Poland Plock PKN Orlen  

Italy Brindisi (BR) Versalis 468 000 

France Dunkerque Polimeri Europe France 360 000 

Italy Porto Marghera (VE) Polimeri Europa versalis 563 200 

Italy Priolo Gargallo (SR) Polimeri Europa versalis 745 000 

Portugal Sines Repsol Polímeros, Lda 410 000 

Spain Puertollano Repsol Petroleo 250 000 

Spain Tarragona Repsol Petroleo 712 500 

Netherlands Geleen SABIC Hydrocarbons 1 351 000 

United 

Kingdom 

Wilton SABIC UK Petrochemicals 800 000 

Netherlands Moerdijk Shell Nederland Chemie 900 000 

Germany Wesseling Shell Deutschland Oil GmbH 250 000 

Slovakia Bratislava Slovnaft  

France Carling Total Petrochemicals 320 000 

France Gonfreville Total Petrochemicals 955 000 

France Lavera Naphtachimie 720 000 

France Feyzin Total Petrochemicals 260 000 

Hungary Tiszaujvaros TVK 665 000 

N.B. All capacity figures are in t/yr of ethylene production unless otherwise stated. 

 

Lower olefin production via the steam cracking process is a mature technology that has been the 

industry standard for over 50 years. Steam crackers are very large complex plants that involve 

significant investment costs and no new cracker has been built in Europe since XXXX. 

However, improvements continue to be made in furnace design and in product separation. The 

steam cracking process is generally considered to be of strategic importance in maintaining a 

strong chemical industry. However, lower olefins are sold on chemical specification and 

competition between producers is geared heavily towards price and margins are low.  

 

Of the lower olefin production plants in the EU, the majority of installations are located on large 

chemical sites and/or refinery sites. Among the responders to the data collection exercise, 29 

plants reported sharing the site with other activities, while 7 plants are stand-alone. Also, 5 
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plants are considered to be located in an air quality management zone for NO2 and SO2 and 6 

plants for dust. (Source: data collection exercise).  

 

Key Environmental Issues 

 

The key environmental issues for the production of lower olefins are: 

 

 emissions to air of carbon dioxide (CO2), nitrogen oxides (NOX) and other combustion 

gases from the cracking furnaces; 

 emissions to air of dust from the decoking of cracker tubes; 

 emissions to air of VOCs from diffuse sources; 

 emissions to water of organic substances and suspended solids; 

 the production of hazardous wastes. 
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4.2 Applied processes and techniques 
 

4.2.1 Process options 
 

The principal options for the production of lower olefins are: 

 

 steam cracking, 

 fluid catalytic cracking, 

 ethanol dehydration, 

 propane dehydrogenation, 

 Fischer-Tropsch conversion of syngas, 

 methanol to olefins. 

 

Of these, the most commonly applied process is steam cracking and this is the only process 

described in detail in the subsequent sections of this chapter.  

 

Although the range of saturated hydrocarbon feedstocks that can be used for steam cracking is 

very wide, an individual steam cracker will have a fixed operating window in terms of the 

feedstocks that it can utilise. The choice of feedstock (and therefore potentially of plant design) 

is heavily influenced by market factors and the availability of supplies.  

 

As a result of the relatively high CO2 and NOX emissions associated with steam cracking, there 

is a growing interest in alternative technologies, and some of these are reviewed briefly below. 

 

i) Fluid catalytic cracking (FCC) 

 

A way to produce ethylene and propylene is as co-products during fluid catalytic cracking and 

in particular by the use of Enhanced FCC. As FCC is integrated within refinery operations, it is 

described in the BREF on the Refining of Mineral Oil and Gas (REF BREF). FCC is therefore 

not considered further in the LVOC BREF. 

 

ii) Ethanol dehydration 

 

Ethylene can be produced by the catalytic dehydration of ethanol. In this process, heated 

ethanol is passed through a heated heterogeneous acidic catalyst. Unreacted ethanol is then 

recycled, while the ethylene is separated off with other gaseous impurities. The increase in 

bioethanol production has sparked interest in this route. However, the centres of bioethanol 

production are largely outside Europe, and it is not certain that this route will take hold to a 

great extent in Europe. In 2013, there were no ethanol dehydration facilities operating in 

Europe. This process is therefore not considered further in the LVOC BREF. 

 

iii) Propane dehydrogenation 

 

Propylene can be produced by the dehydrogenation of propane. In this process, heated propane 

(or a propane-rich feed) is passed through a heated heterogeneous catalyst. The process gases 

are then compressed and cooled to allow the separation of hydrogen, methane, and C2 

components. The C3 fraction that remains is fractionated to allow the propylene to be isolated, 

and the remaining C3 components to be recycled to the start of the process. 

 

In 2007, there were only two propane dehydrogenation plants operating in Europe. In view of 

this limited application, this process is not considered further in the LVOC BREF. 

 

[Request to TWG: you are welcome to contribute with more and up-to-date information as 

appropriate.] 
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iv) Fischer-Tropsch conversion of syngas 

 

A range of alkenes can be produced during Fischer-Tropsch reactions. In overall terms, the 

Fischer-Tropsch process involves the catalysed reaction of CO and H2 to form hydrocarbons. 

The majority of the hydrocarbons that are formed are alkanes; however the relative quantity of 

alkenes produced can be enhanced under certain circumstances, and with certain catalysts.  

 

In 2013, there were no plants in Europe employing Fischer-Tropsch conversion of syngas for 

the production of lower olefins. This process is therefore not considered further in the LVOC 

BREF. 

 

v) Methanol to olefins 

 

Both ethylene and propylene can be produced by a methanol to olefin process. In this process, 

methanol is passed through a heterogeneous catalyst, and a mix of both ethylene and propylene 

result. In 2013, there were no methanol-to-olefin plants operating in Europe. 

 

[Request to TWG: please check the information and provide updates and corrections where 

appropriate.] 

 

4.2.2 Steam cracking process 
 

Steam cracking involves the high temperature pyrolysis (ʻcrackingʼ) of a saturated hydrocarbon 

feedstock in the presence of steam. The cracked co-products that result are predominately lower 

olefins, but a range of other co- and by-products will also be formed during the process, 

including hydrogen, methane, alkynes, and alkanes. It is currently the most commonly applied 

technology for the production of lower olefins, and the only one that currently falls within the 

scope of the LVOC BREF that is generally employed in Europe. A typical steam cracker 

furnace is shown in  figure 4.1 below. At the time of writing, there are in excess of 150 steam 

crackers (with one or more cracking furnaces) operating within the EU. 
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Figure 4.1: Typical ethylene steam cracker furnace 

 

 

Most of the technologies used in steam cracking processes are licensed by a small number of 

contracting firms. Although these firms' designs differ from each other in some respects, they all 

include the following general sequence of process steps, as typically seen in the figure 4.2: 

 

 

 pyrolysis, 

 primary fractionation, 

 gas clean-up, 

 co-product fractionation. 
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Figure 4.2: Process flow diagram for lower olefin production by steam cracking with front-end demethaniser 
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4.2.2.1 Pyrolysis of hydrocarbon feedstock 
 

The saturated hydrocarbon feedstock is preheated and vaporised with superheated steam before 

passing into tubes where the cracking reactions take place. A number of factors (e.g. the 

temperature profile and residence time of the feedstock and the quantity of steam within the 

tubes) influence how the cracking reactions proceed, and therefore the mix of co-products that is 

ultimately obtained.  

 

As steam cracking is a highly endothermic and high temperature process, the tubes must be 

externally heated on a continuous basis. This is achieved by locating the tubes within a furnace 

that is heated using oil or gas-fired burners. Numerous burners are located within these furnaces 

in order to ensure that the desired temperature profile is achieved within the tubes. 

Temperatures of up to 1100 °C are achieved; the highest reported bridgewall temperature under 

normal operating conditions is 1280 °C. 

 

Although a range of feedstocks can be used, an individual steam cracker will have a fixed 

operating window in terms of the feedstocks that it can utilise. Furthermore, there is upper 

boiling point limit of approximately 600 °C with the current technology, and the use of heavier 

feedstocks would necessitate the use of different front-end heating technology to that currently 

employed (e.g. molten salts) in order to handle higher boiling feedstocks.  

 

[Request to TWG: you are welcome to contribute further information on the use of heavy 

feedstock and also on the possible contamination of the feedstock with mercury or arsenic from 

gas condensates.] 

 

Emissions to air from the cracking furnace are one of the most significant environmental 

impacts from lower olefin production. The primary function of the cracking furnaces is to 

generate the process conditions necessary for the reaction to proceed; it is therefore an example 

of a combustion process that is within the scope of the LVOC BREF. As well as the steam 

cracker furnaces, combustion processes are used to generate and/or superheat the dilution steam 

and for other process heating duties. These other combustion processes fall within the scope of 

the LCP BREF.  

 

4.2.2.2 Primary fractionation 
 

The cracked gases are cooled in order to stabilise the cracked gas composition and allow further 

processing. This is initially achieved by the indirect cooling of the cracked gases in heat 

exchangers, which is normally followed by direct contact cooling involving oil and/or water 

(water quench), with the exact arrangement depending largely on the type of feedstock.  

 

The cooled cracked gases are then compressed using multistage compressors in order to 

facilitate the subsequent handling and separation of the various co-products within the cracked 

gases. The compressors can be driven by steam turbines or electric motors. (Note that 

combustion processes used for generating steam for steam turbines falls within the scope of the 

LCP BREF). 

 

Depending upon the feedstock used, the cracked gases may contain a number of high-boiling 

components. These will condense out during the cooling and compression steps. Heavy 

hydrocarbon conponents such as tar, oil and heavy gasoline are removed at this stage. 

 

4.2.2.3 Clean-up of cracked gases 
 

The cracked gases are likely to contain carbon dioxide and some sulphide species. As these 

components will cause downstream processing problems (e.g. crystallisation or hydrogenation 

catalyst poisoning), and/or adversely affect product quality, they are removed. This is normally 

achieved by scrubbing the cracked gases with a regenerative amine solvent and/or a caustic 
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solution. The cracked gases will also contain some water; this is also removed in order to avoid 

downstream processing problems.  

 

The clean-up of cracked gases is an integrated within the process and incorporated into the gas 

compression stages before the fractionation, exact sequence and positioning will be varying 

from one plant to another, also dependent on the feedstock profile.  

 

4.2.2.4 Co-product fractionation 
 

The various co-products (distribution of product yield corresponding to different feedstocks is 

shown in table 4.2) are separated using a sequence of splitters and fractionating columns. In 

order to facilitate this, the cleaned, dried cracked gases are first refrigerated to a temperature as 

low as -150 °C.  

 

The order in which the various co-product fractions are separated is determined by the precise 

way in which the splitters and fractionating columns are arranged. The options include: 

  

 first separating off methane and hydrogen only (i.e. using a ʻfront-end demethaniserʼ); 

or 

 first separating off methane, hydrogen and C2 components (ethylene, acetylene and 

ethane) (i.e. by using a ʻfront-end de-ethaniserʼ); or 

 first separating off methane, hydrogen, C2 and C3 components (ethylene, acetylene, 

ethane, propylene, propane and propadiene) (i.e. using a ʻfront-end depropaniserʼ). 

 

The type of front-end splitter arrangement that is used affects the degree of initial refrigeration 

required, and the subsequent interactions between the refrigeration plants and the fractionation 

columns. 

 

The alkynes present in the cracked gases can be hydrogenated between the appropriate 

fractionation steps. Where a front-end de-ethaniser or depropaniser arrangement is used, some 

of the hydrogen required for this will be present in the cracked gases themselves. However, 

where a front-end demethaniser is used, all of the hydrogen will need to be supplied from 

outside the process. The amount of ethane and propane, which are present in the cracked gases, 

may be increased as a result of any hydrogenation reactions that are incorporated within the 

process. The ethane and propane that are separated off are normally recycled back to the steam 

cracker feed.  

 

The ethylene and propylene co-products are recovered as the top products from their respective 

fractionation columns. If the bottom product from the depropaniser is sent to a debutaniser, the 

top product from the latter is a mixed C4 co-product fraction that requires further processing. 

The bottom product from a debutaniser (or a depropaniser without a subsequent debutaniser) is 

called ʻpyrolysis gasolineʼ.  

 

As butadiene forms an azeotrope with butane, its isolation requires the use of liquid-liquid 

extraction (e.g. using CAA-cuprous ammonium acetate), or extractive distillation (using a polar 

solvent such as acetone, DMF-dimethylformamide).  

 

After isolation, ethylene and certain butenes obtained can be catalytically converted to 

propylene in order to alter the relative quantities of the various co-products. This process is 

termed ʻmetathesisʼ. 
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Table 4.2: Product yields (as %) for different feedstocks 

Product Feedstock 

Ethane Propane Butane Naphtha Gas-oil 

Hydrogen 4.3 1.3 1.2 0.8 0.5 

Methane 4.2 25.2 20.1 13.5 10.9 

Acetylene 0.4 0.5 0.8 0.7 0.2 

Ethylene 56 40.9 40.4 28.4 20.6 

Ethane 30 3.6 3.5 3.9 4.8 

Propadiene 0.1 0.5 1.2 0.4 0.5 

Propylene 1 11.5 14.4 16.5 14 

Propane 0.2 5 0.1 0.5 0.8 

Butadiene 1.6 4.5 4.3 4.9 4.9 

Butylenes 0.2 1 1.3 5.2 3.9 

Butane 0.2 0.1 2 1 0.1 

C5/C6 1.8 5.9 10.7 3.9 1.9 

C7+ non-aromatics    1.2 2.1 

Aromatics    10.5 12.5 

< 430 °C    5.2 2.6 

> 430 °C    3.4 19.7 

Total 100 100 100 100 100 
(Source: LVOC BREF 2003 – CEFIC  1999 #54) 

 

4.2.3 Other than normal operating conditions 
 

4.2.3.1 Specific other than normal operating conditions 
 

Decoking of the cracker tubes  

 

In addition to start-up and shutdown operations, there is a specific other than normal operating 

condition that may result in different emissions to those experienced under normal operating 

conditions. The internal walls of the cracker tubes gradually become coated with coke during 

the cracking process. In order to maintain cracker throughput and heat transfer, this coke must 

be periodically removed.  

 

The periodic removal of coke build-up on the inner surface of the cracker tubes (normally) 

involves heating the tubes to a higher temperature than that normally employed for cracking, 

whilst at the same time sending an air/steam mixture through the tubes. Decoking is deemed to 

be taking place whenever an air/steam mixture is being passed through the tubes. The duration 

and frequency of these decoking operations varies significantly between crackers, as it depends 

upon a range of operating factors, like the nature and quantity of coke build-up, but a cycle 

ordinarily lasts between 18 and 48 hours.  

 

Operators reported varying decoking periods, such that the total time period spent in decoking 

ranges between 120 h/year and 564 h/year and the percentage of decoking time is between 

0.90 % and 7.07 % (Source: data collection questionnaires). 

 

This process requires higher furnace temperatures and a lower firing rate than normal operating 

conditions and may be accompanied by higher excess oxygen concentrations. This combination 

has the potential to increase NOX emissions. In addition, it is possible that the dust-laden gases 

from the tubes will be passed via the furnace firebox of another cracker at the plant, resulting in 

possible increased dust emissions. 

Decoking is a periodic process. The emissions are therefore not continuous, with the time 

between decoking being dependent upon a range of factors (e.g. feedstock, cracking severity 

and the sulphur content of the feedstock).  
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[Request to TWG: The LVOC team have given consideration to whether decoking operations 

should be considered 'other than normal operating conditions'. The LVOC team have considered 

3 scenarios: 

 That decoking is part of the normal operating cycle of cracker plants and that the 

entirety of the decoking operation is therefore part of normal operation. 

 That decoking is totally outside of normal operation and should therefore be considered 

an 'other than normal operating condition'. 

 That the decoking of an individual cracker is an 'other than normal operation'; but that 

the burning of the coke in the firebox of another cracker is part of normal operation. 

 

The LVOC team have concluded that because the second cracker continues to be part of 

production, scenario 3 should be applied. However, the LVOC team invites TWG members to 

comment further on this matter. The current draft of the LVOC BREF is written on this basis.] 

 

4.2.3.2 Generic other than normal operating conditions 
 

Start-up: A start-up period is the period of time that elapses between the first introduction of 

fuel to the furnace after a shutdown and the establishment of stable production conditions, 

which can be defined for steam crackers in terms of the following interrelated parameters. 

 

Hydrocarbon feed rate: A hydrocarbon feed of > 70 % of maximum load is widely considered 

to represent the end of the start-up phase.  

 

Product composition: The achievement of a stable and desired product yield in the process 

gases leaving the cracker and entering the quench section.  

 

Firing duty: Reaching > 70 % of design can be used as an indication of when a start-up of a 

furnace has ceased and normal operation has commenced.  

 

Downstream operations: All downstream equipment is in full operation and no process 

streams are sent to flare – the composition of any recycled fuel gas could be highly atypical 

during start-up. 

 

Shutdown: Planned shutdowns (e.g. to allow maintenance activities to be carried out) will 

involve the gradual reduction of both the hydrocarbon and fuel feed rates. A shutdown period is 

deemed to commence once the hydrocarbon feed rate falls below 70 % of the maximum load, 

and finish when the fuel feed to the furnace ceases.  

 

Standby: The furnace is deemed to be in a standby mode whenever fuel is being fed to the 

furnace and the steam cracker is not undergoing normal operation, start-up, shutdown, or 

decoking. No feedstock is fed to the cracker during this period. This situation could arise 

between the completion of a decoking exercise and the re-establishment of normal production 

operations, which are defined in the first bullet above. During standby periods the fuel addition 

rate will be significantly reduced, and this will result in significantly lower NOX mass 

emissions. The data collection exercise showed an average of 1.6 % of standby operation over a 

year (i.e. total standby duration per year). 

 

Malfunctions: There are a range of possible malfunctions that could directly or indirectly affect 

pollutant emissions to air. These could include the failure of air fans, the sticking of 

dampers/valves, or the sudden (rather than gradual) failure of abatement plant performance.  

 

It is possible that furnaces associated with a cracker will be operating under different regimes 

(i.e. one or more under normal and one or more under other than normal operating conditions) at 

any one time. Consequently, where emissions from two or more cracker furnaces are handled 

together, there may be difficulties in obtaining data in respect of emissions during periods of 

only normal operating conditions, which are clearly required for the derivation of BAT-AELs.  
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4.2.4 Equipment important for environmental protection 
 

The following systems perform critical operations for environmental protection and should have 

the longest uptime possible: 

 

 oxygen and temperature sensors, 

 flue-gas analysers, 

 end-of-pipe abatement equipment. 
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4.3 Current emission and consumption levels 
 

4.3.1 Emissions to air 
 

Emissions to air arise from the following principal sources: 

 

 combustion of fuels to provide heat to the steam cracker; 

 decoking of the cracker furnace tubes; 

 regeneration and/or processing of scrubber liquors used for the clean-up of the cracked 

gases. 

 

Other sources of emissions to air include fugitive releases of VOCs and possibly ammonia from 

storage and from equipment operated under pressure. 

 

Emissions to air from combustion processes (other than the steam cracker) are not included in 

this chapter. Emissions to air from combustion plants, where the primary purpose is to generate 

energy, e.g. electricity or steam, are described in the LCP BREF. 

 

4.3.1.1 Emissions to air from steam cracker furnaces 
 

Steam cracking is a high-temperature endothermic process. The cracker tubes must therefore be 

provided with enough heat to both maintain the desired temperature profile within the tubes, and 

meet the energy demand of the steam cracking reactions. This is achieved by burning a fuel in 

the furnace where the cracker tubes are arranged.  

 

The energy demand of the cracking process is such that the rated thermal input of steam cracker 

furnaces are typically in the range of 8–120 MW. Configuration and lay-out of these cracker 

furnaces also great variability. The combustion gases from a steam cracker furnace are a 

potentially significant source of the pollutants normally emitted to air from combustion plants, 

i.e. NOX, CO and VOCs; also SO2, and dust, dependent on the fuel burnt. Where selective 

catalytic reduction (SCR, see Section 4.4.1.6) is used for NOX abatement, emissions will also 

contain some ammonia. A general overview of the emissions from cracking furnaces to air 

compiled in the data collection process is laid down in table 4.3 below. Values in the table 

shows the range of the results obtained, however, the actual distribution of the emissions and 

results of a more deailed analysis is shown in the Section 4.4.1 of this chapter. 

 
Table 4.3: Emissions to air from steam cracker furnaces* 

Compound 

Emission range 

(min-max mg/Nm
3
, 

dry, 3% O2) 

Type of Monitoring  
Analytical methods used 

(not exhaustive) 

NOX 8–381 

Continuous UV, IR, NDIR  

Periodic 
Chemiluminescence EN 

14792; Electrochemical cell 

CO 0.3–934 
Continuous NDIR; IR  

Periodic EN 15058; ISO 12039 

SO2 2.5–40 
Continuous IR; EN 14791 

Periodic  

Dust 2.8–7.1 Periodic EN 13284 
N.B. * Source: LVOC BREF review data collection via questionnaires 

 
4.3.1.1.1 NOX emissions to air from steam cracker furnaces 

 

Given the process requirement for high temperatures, NOX emissions have the potential to be 

high. The level of emissions obtained via the data collection exercise is shown in Table 4.3 
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above. Waterfall  distribution of the emissions from steam cracking furnaces is shown  in Figure 

4.3 below. More detailed display of NOx emissions are in Section 4.4.1.2. 

 

 

Figure 4.3: Waterfall curve of NOx emissions from steam cracker furnaces. 

 

NOX emissions could be directly or indirectly affected by the following contextual factors. 

 

Coke deposition: the amount of coke that builds up on the inner tube wall will adversely affect 

radiant heat transfer, necessitating a higher furnace temperature (and therefore a higher fuel 

firing rate) in order to give the driving force necessary to achieve and maintain the desired 

cracking temperature profile within the tubes.  

 

Feedstock: the cracking temperature and the heat of cracking will vary with feedstock. A 

shorter feedstock chain length can result in both a higher cracking temperature and a higher heat 

of cracking, but with a lower residence time. Also, the higher the degree of saturation of the 

feedstock, the higher is the heat of cracking. However, a heavier feedstock is likely to produce 

greater amounts of coke than a lighter feedstock, and the coke produced from a heavier 

feedstock will also probably have a lower thermal conductivity. The feedstock used is therefore 

likely to affect both the amount of fuel that is consumed and the furnace temperature profile, 

although other factors such as load changes and variable severity of cracking may have a larger 

impact. However, the most significant impact that feedstock can have on NOX emissions is 

usually related to the effect that it can have on the nature of the fuel gas that is likely to be 

recycled to fire the furnace.  
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Table 4.4: Use of different feedstock types in lower olefins production 

Feedstock type Number of plants * 

Heavy feedstock 13 

Naphtha 37 

LPG 35 

Ethane 31 

Other (jet fuel and kerosene, FCC gasoline, raffinate, C5 

cut, C3 cut, off-gas, refinery gas, condensates, pentane, 

hexane) 

8 

* N.B. many plants use a composition of multiple fuels 

Source: data collection questionnaires 

 

Fuel: In the steam cracker furnaces that have been covered by the data collection study, 

information on the fuel types used in the furnaces was also collected. Types of fuels show a 

wide variety, while most common fuel is fuel gas recovered from the process streams or from 

refinery nearby. Use of natural gas and though rarely, liquid fuels (i.e. pyrolysis gas and 

pyrolysis oils recovered in the end) is also reported.  

 

Firing rate: increasing the firing rate for a given furnace increases the combustion intensity, 

which has the potential to increase NOX due to the consequent temperature increase and the 

possibility of flame-flame interactions.  

 

Temperature: an increased firebox temperature will increase the potential for NOX formation. 

However, the temperature is not homogeneous within the furnace, and it is likely to be 

measured at different locations in different furnaces, if at all; it is more normal to measure the 

temperature of the flue-gas leaving the furnace. However, it is possible to use predictive 

software to estimate the average flue-gas radiating temperature, and this might be available.  

 

Plant age and investment history: the age of the furnace (rather than necessarily the cracker) 

and its post-commissioning investment history will have an indirect effect on emissions, as this 

will determine the range of techniques that are employed, and their mode of implementation. 

 

Process perturbations: Any change in feedstock, feed rate, fuel quality, etc., is likely to have a 

knock-on effect for the combustion conditions (probably requiring load changes). NOX 

emissions are therefore likely to vary due to the inevitable inertia of the combustion control 

system, which may well be amplified by the size and complexity of the plant. These 

circumstances do not qualify as other than normal operating conditions, and could last long 

enough to materially affect an emission concentration that is measured over a 30-minute 

averaging period. The highest NOX emissions under normal operating conditions could 

therefore occur during these circumstances. 

 
4.3.1.1.2 SO2 emissions to air from steam cracker furnaces 

 

SO2 emissions are generally totally dependent upon the quantity of sulphur present in the fuel, 

and a limit on the sulphur level in the fuel can be used as an additional or alternative approach 

to including an ELV.  

 

The exception is where in-combustion measures (e.g. lime injection) or post-combustion 

measures (e.g. scrubbing) are adopted to remove SO2.  

 

Much of the fuel used in a cracker furnace is likely to be recycled fuel gas from the cracking 

process. Because SO2 (and other acid gases) must be removed from the cracked gases prior to 

their downstream processing, this fuel gas should contain low levels of sulphur. 

 

However, the possibility that other (liquid) fuels that might contain appreciable levels of sulphur 

might be used should be considered. Such a scenario may be a consequence of a particular 

interaction between a cracker and its surrounding processes, and it may only be a periodic 
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arrangement. Maximum sulphur content reported is 0.10 % (in liquid fuel). It's believed that 

SO2 emissions should not be a major issue from the cracker furnaces within these conditions; 

However each case should be dealt with individually, depending on the fuel composition used.  

 

Data on SO2 emissions are shown in Table 4.2 above. See REF.BREF for more information on 

this issue. 

 
4.3.1.1.3 CO emissions to air from steam cracker furnaces 

 

Under normal operating conditions the objective is to achieve low CO emission concentrations, 

as this is indicative of the achievement of good combustion conditions. In fact, the concentration 

of CO is often used as a measure of the effectiveness of combustion control, and permits can 

therefore contain ELVs for CO, or silently or explicitly anticipate their use as part of an 

operator’s combustion management strategy. However, there can be tension between CO and 

NOX emissions, as they can be partially mutually exclusive. 

 

Data on carbon monoxide emissions are shown in Table 4.2 above. Detailed results of the data 

collection and assessment process are displayed in Section 4.4.1.4.  

 
4.3.1.1.4 Dust emissions to air from steam cracker furnaces 

 

Dust in emissions to air from combustion processes can include ash components present in the 

fuel and/or soot formed under certain combustion conditions, particularly where liquid fuels are 

used. Soot will comprise a range of complex organic chemicals, including PAHs. 

 

Dust is subject to air quality standards, which sometimes refer to a specific particle size range. 

ELVs for dust are therefore normally included in permits (sometimes in terms of specific size 

fractions). This is usually the case even when a fuel that is considered unlikely to contain ash 

components or generate soot is used. 

 

However, elevated dust emissions that are not attributable to the presence of ash in the fuel are 

likely to occur only during other than normal operating conditions, such as a failure of the 

combustion control system or some component thereof, or a blocked fuel valve or air damper. 

However, perturbations could possibly result in temporary blips. 

 

Data on dust emissions are shown in Table 4.2 above. 

 
4.3.1.1.5 Ammonia emissions to air from steam cracker furnaces 

 

Ammonia emissions will be a potential issue only where SCR is employed to reduce emissions 

of NOX. At the time of writing, less than 5 % of steam cracker furnaces in Europe are believed 

to employ SCR for reducing NOX emissions. A total of 4 Plants, 25 Furnaces in 9 types reported 

having SCR systems. Based on the data provided by the operators, NH3 concentration at SCR 

outlet are at the range of 4.6 - 15.8 mg/m
3
 with a single value of zero reported (3% O2, dry, by 

continuous monitoring, half hourly averaging periods). 

 

In order to ensure the efficient reduction of NOX to nitrogen and water, there will be a residual 

concentration of ammonia in the emitted combustion gases. The objective is therefore not to 

avoid ammonia emissions altogether, but rather to limit to an accepted cross-media effect of 

employing SCR to give a net overall benefit. The results from the data collection exercise on 

ammonia slip from SCR are demonstrated in the Table 4.5.   
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Table 4.5: Ammonia slip from SCR (with half hourly averaging periods) 

 

NH3 concentration at 

SCR outlet 

(mg/Nm
3
, 3% O2, dry) 

Average NOX 

concentration 

(mg/Nm
3
, dry, 3% O2) 

Average 7.3 55.0 

Maximum 15.8 64.2 

Minimum 0 44.4 

 
4.3.1.1.6 CO2 emissions to air from steam cracker furnaces under normal operating 

conditions 

 

As the emission of carbon dioxide from the ʻproduction of bulk organic chemicals…with a 

production capacity exceeding 100 tonnes per dayʼ is listed in Annex I to Directive 2003/87/EC, 

it is likely that (by virtue of Article 9(1) of the IED) no ELVs for such emissions would 

normally be included in a permit.  This is because LVOC plants will exceed the 100 tonnes per 

day production capacity.  Member States may also decide that (by virtue of Article 9(2) of the 

IED) not to include requirements relating to energy efficiency in a permit. 

 

4.3.1.2 Emissions to air from decoking 
 

Emissions from a steam cracker during the decoking process will differ from those shown in 

Table 4.2 above. This is because the decoking process requires higher furnace temperatures and 

a lower firing rate (% 50) than normal operating conditions and this may also be accompanied 

by higher excess oxygen concentrations. According to the data collected from the operators, 39 

plants do burnout and 2 plants have steam-only decoking. 

 

The mixture of steam and air from decoking the cracker tubes will contain both dust and carbon 

monoxide. This can either be routed to another cracker furnace firebox or passed through an 

abatement device, which may be shared with one or more other crackers. The impact of 

decoking will therefore be either a change in the emissions to air from one of the other cracker 

furnaces or an emission to air from the abatement device.  

 

To identify the deviation of emissions from normal operating conditions and the effect of the 

decoking phase, emissions should be measured during decoking. This would be valid for both 

the furnace that is under decoking operation and the furnace that burns the coke coming from 

the one under decoking (in case coke from one furnace is routed to another). During data 

collection exercise this data was not provided.  

 

[Request to TWG: Please provide in case of presence of such data corresponding to the normal 

operating conditions and to decoking phase as described. ] 

 
Table 4.6: Feedstock characterisation (breakdown of the data reported by the plants, 

representing averages over a year)  

Feedstock and Sulphur content minimum maximum average 

Use of heavy (> naphtha) feedstock (% per year) 0 93.8 13.4 

Avg. S content of heavy feedstock (% w/w) 0.00 0.2 0.042 

Use of naphtha feedstock (% per year) 0.8 100.0 61.1 

Avg. S content of naphtha feedstock (% w/w) 0.001 0.08 0.018 

Use of gas feedstock (% per year) 0 100.0 21.5 

Avg. S content of gas feedstock (% w/w) 0.00 0.019 0.004 

Source: data collection questionnaires, Cefic data assessment process 
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4.3.1.2.1 Dust emissions to air from decoking  

 

The rate of coking, and the type of coke formed will be influenced by the nature of the 

feedstock used and the cracking severity. The coke formed in ethane cracking is very hard and 

during decoking a significant amount of coke is removed from coils through a spalling 

mechanism, i.e. the coke breaks away from the tube in small pieces/particles before it has time 

to burn, and dust emissions can therefore be high. 

 

Decoking can last for many hours, with a highly variable dust emissions profile, so measuring 

emissions over hourly periods could give highly variable results. Conditions, for example the 

moisture and oxygen content of the off-gas, also change during the decoking cycle. 

 

The reported values of dust emissions from decoking range between 1 mg/Nm
3
 and 

700 mg/Nm
3
, while most values lay in the 1–30 mg/Nm

3
 range. However, these are from 

periodic emission measurements with sampling durations of 30 or 60 minutes, which do not 

necessarily represent the highly varying emission profile of the decoking cycle, which is longer. 

Reported mass emissions of dust over the decoking cycle range are between 5 kg and 80 kg.  

 
4.3.1.2.2 Carbon monoxide emissions to air from decoking  

 

The CO level will depend upon the relative airflow rate. As this has to be restricted during the 

early part of the decoking process (in order to avoid generating too much heat and damaging the 

tubes), CO is likely to be highest at the start of the decoking. The ability to allow more air into 

the process as the decoking progresses means that CO levels could be very low by the end of the 

cycle.  

 

Carbon monoxide emissions data reported are not sufficiently reliable to present in this BREF. 

 

a) Combustion of coke in another cracking furnace 

 

If decoking off gas is routed to the firebox of another cracking furnace, this will change the 

emissions to air compared to those shown in Table 4.3 above. Although the decoking of the 

steam cracker tubes is considered an 'other than normal operating condition', the burning of the 

char in another cracker is considered to be part of normal operation. The operating conditions 

(i.e. the process temperature and the flow rates of steam and air) do not remain constant through 

the decoking process, and so the emissions of dust and CO will change over the decoking 

process. Also, the size distribution of the dust changes during the decoking process. 

 

In the data collection exercise, none of the emission data provided were attributed to the period 

when coke from another furnace (during its decoking) was routed to that cracker.  Obtaining this 

data will require that emissions measurement are carried out at a cracker while that cracker is 

burning coke from another cracker at decoking and those emissions should also be 

distinguishable from emissions during the regular (no coke burning) period. 

 

[Request to TWG: Please provide in such cases described above emissions data corresponding 

to the period that a cracker is burning coke from another cracker at decoking phase above.] 

 

 

 

4.3.1.3 Emissions to air from clean-up of cracked gases 
 

Sulphidic species are removed from the cracked gases by means of regenerative amine 

scrubbing and/or caustic scrubbing. This process does not in itself result in an emission to air. 

However, the subsequent regeneration or processing of the used scrubbing liquors can result in 

emissions to air. 
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Emissions to air of hydrogen sulphide could potentially arise from one or more of the following 

processes: 

 

 the thermal regeneration of the amine solvent (see Chapter 4.4); 

 the stripping of neutralised spent caustic scrubbing liquor (see Chapter 4.4); or 

 the (wet air) oxidation of spent caustic scrubbing liquor (see Chapter 4.4). 

 

 

Gaseous streams that contain hydrogen sulphide are normally routed to a sulphur recovery plant 

on the same site or an adjacent site, often a refinery. The operation of sulphur recovery plants is 

described in the REF BREF and so is not considered in detail in the LVOC BREF.  

 

Alternatively, these gaseous streams may be either incinerated or flared, again in a central 

facility or flare. Both of these operations are described in the CWW BREF and so are not 

considered in detail in the LVOC BREF.  

 

Direct emissions of hydrogen sulphide are only likely to arise under certain other than normal 

operating conditions. Nevertheless, some hydrogen sulphide emissions may still arise in 

circumstances where incineration or flaring is inefficient. 

 

In some installations, these gaseous streams may be incinerated locally to the steam cracker, in 

which case the emissions of sulphur dioxide are directly associated with the steam cracking 

process.  

 

The processing of scrubbing liquors may also result in VOC-laden gaseous streams. This is 

likely to occur where caustic liquors that contain dissolved or discrete organics are subjected to 

a pretreatment process such as wet air oxidation, or stripping after neutralisation. 

 

According to the results of the data collection, 3 plants reported using amine scrubbing while 35 

plants have caustic scrubbers (including the ones that have amine scrubbing). Caustic liquor is 

reported to be oxidised in 3 plants. Total sulphur removed is reported to be between 5 and 1175 

(t/year) and on average 338.31 t/year. 

 

4.3.1.4 Fugitive emissions to air 
 

As large sections of the process are conducted under significant pressure, there is the potential 

for fugitive emissions of substances to air from the processes under normal operating 

conditions. Fugitive emissions generally arise from the seals on items of process plants such as 

valves, pumps, pipe flanges, compressors, etc. 

 

As there is an option to use SCR at certain steam crackers for the reduction of NOX emissions, 

there is also the potential for fugitive emissions of ammonia to air where anhydrous ammonia is 

used. 

 
4.3.1.4.1 Fugitive VOC emissions to air 

 

The VOCs that may be present in fugitive emissions will be varied, reflecting the range of 

substances that could possibly be present in the cracked gases. The nature of the feedstock and 

severity of the cracking process will therefore influence the potential emissions. For gaseous 

feedstocks, it is likely that all of the organic species will qualify as VOCs according to the 

criteria in the fugitive emissions monitoring standard (EN 15446), more details of which are 

provided in the CWW BREF. Heavier (e.g. naphtha and gas oil) feedstocks are likely to give 

rise to some cracked gas components that are relatively non-volatile, although they are also 

likely to result in the presence of aromatics, in respect of which there might be obvious health 

impact issues. As the steam cracking process involves the handling of hydrocarbons under 

pressure, there is the potential for fugitive emissions of VOCs to air from the process under 
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normal operating conditions. The issue of fugitive emissions of VOCs from chemical plants is 

addressed in the generic chapter, and in the REF BREF and the CWW BREF.  

 

As the various co-products are stored under pressure, fugitive emissions of VOCs may also arise 

from product storage. The EFS BREF provides general information regarding emissions to air 

from storage.  

 

The data collection exercise resulted estimated values of fugitive VOC emissions from lower 

olefin production plants varying from 30 t/year to 1 925 t/year, with an average of 344 t/year.  

 

4.3.1.5 Emissions to air from hydrogenation catalyst regeneration 
furnaces 

 

The amount of ethane and propane, which are present in the cracked gases, may be increased 

as a result of hydrogenation reactions that are incorporated within the process between the 

appropriate fractionation steps and the alkynes present in the cracked gases can be 

hydrogenated herein. The catalyst used here eventually needs to be regenerated by thermal 

means. This is done on site by most of the operators, using various techniques like thermal 

oxidation, steam and air purging, and treating with hydrogen. Emissions from the regeneration 

operation, shown in Table 4.7 below, were reported by only one plant by spot measurements 

carried out once a year.  

  
Table 4.7: Emissions from hydrogenation catalyst regeneration furnaces 

Pollutant Concentration (mg/Nm
3
, dry, 3 % O2)  

NOX 103 

SO2 12 

CO 12 

Source: data collection questionnaires 

 

4.3.2 Emissions to water 
 

Emissions to water arise from the following principal sources: 

 

 quench water bleed from the steam cracker; 

 spent scrubber liquor from the clean-up of the cracked gases; 

 decoking of the cracker furnace tubes, where a wet abatement technique is used; 

 other sources and operations using water (fractionation, condensation, etc.) 

 

Emissions to water from cooling systems, steam and energy generation are not included in this 

chapter. Emissions to water from these operations are described in the ICS BREF and LCP 

BREF respectively. 

 

Among the lower olefin producers, 9 plants reported having a dedicated waste water treatment 

facility. Physical, chemical and biological treatment is carried out on these sites. Other operators 

use shared site-wide treatment but generally the effluent is sent to the shared final treatment unit 

after various pretreatment operations (16 operators do individual pretreatment and 18 do shared) 

including spent caustic stripping to recover hydrocarbons, and oil-water separation. Use of these 

techniques is described in detail in the CWW BREF. 

 

4.3.2.1 Emissions to water from steam cracking 
 

The water used for the generation of the cracking steam normally includes water recycled from 

the water quench circuit, which will also include dilution steam that condenses during the 

quenching process. However, in order to avoid the excessive build-up of salts and solids, a 

portion of the water is bled from this circuit.  
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The quench water may be contaminated with any heavy hydrocarbons that condense, and the 

nature of these will be influenced by the process conditions and the feedstock used. Many of the 

organic substances present will have some solubility in the quench water, particularly at the 

temperatures involved. The bleed from the circuit will therefore contain some level of organic 

contamination. An aqueous effluent containing significant quantities of these organic substances 

may be difficult to treat to a degree that would be suitable for discharge to water. This would be 

due to their high COD, and the presence of inhibitory or toxic substances to the biological 

treatment process. The treatment of these types of waste water stream is described within the 

CWW BREF. 

 

Operators of olefin plants (apart from three operators) report that recycling of the water bleed is 

carried out. As pretreatment, stripping (all but one), decantation, emulsion management (half of 

the operators) and centrifugation (2 plants) are carried out before the final waste water 

treatment.  

 

4.3.2.2 Emissions to water from dust abatement of decoking 
 

This waste water stream will only arise where a wet abatement technique is used to treat the 

steam/air mixture arising from the decoking process. This stream will not arise if the steam/air 

mixture is routed to another cracker furnace. Wet abatement dust removal is reported to be 

widely used and aqueous effluent is generally sent to shared treatment, after some pretreatment. 

The pretreatment operations reported are filtration, scrubbing, decantation and CPI (corrugated 

plate interceptor). 

 

The waste water stream may arise on a continuous basis during the decoking process due to 

either a once-through use of water, or a constant bleed from a water recycle loop. But the 

discharge could also be intermittent if the spent scrubbing liquors are disposed of on a batch 

basis, e.g. after a decoking cycle.  

 

The waste water will contain captured (potentially very fine) dust. In addition, any organic 

species that are volatilised or formed during the decoking operation may also be dissolved or 

present in the waste water.  

 

The concentration of pollutants will depend upon the method of operation, (e.g. once-through, 

recycle with bleed or batch) and any treatment that is used to remove some of the solids from 

the waste water. The techniques that can be used include filters, settling, and hydro-cyclones. 

The dust may incorporate substances such as PAHs, and this may in turn affect the status of the 

effluent (and any sludge that may be isolated from it).  

 

It is also possible for coke to pass through in the cracked gases to the amine and/or scrubbing 

systems, which will lead to the formation of sludges in these systems. This will arise during 

normal operation due to coke particles breaking away from the cracker tubes and passing out of 

the cracker with the cracked gases. 

 

The presence of the TSS in effluent has the potential to cause problems with downstream 

biological treatment (which falls within the scope of the CWW BREF); one reason is because it 

can contribute to the ʽwash outʼ of biomass in some circumstances as a result of its likely 

resistance to hydrolysis.  

 

Downstream treatment operations are covered by the CWW BREF.  

 

4.3.2.3 Emissions to water from clean-up of cracked gases 
 

This waste water stream arises from the use of a caustic scrubber to remove acid gases 

(sulphidic substances and carbon dioxide) from the cracked gases stream. 
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This waste water stream will contain sulphides. However, it will also contain a number of 

organic substances because of their solubility in the scrubbing liquor, and possibly as a result of 

the formation of emulsions. The spent scrubbing liquor may also contain some insoluble sludge 

and possibly some mercury if the caustic has originated from a mercury cell process. Being a 

caustic solution, it will also have an elevated pH.  

 

Such an effluent is likely to cause problems to a degree that would be unsuitable for discharge 

to water, due to toxic and/or inhibitory effects. Some level of treatment will be required. 

Furthermore, the presence of sulphidic substances raises the possibility of odorous emissions 

during the handling and treatment of the spent liquor. Any mercury present will largely 

associate with the sludge in any biological treatment system, and this could limit the options 

available for the ultimate beneficial use or disposal of such sludge.  

 

Processes for the treatment of the spent scrubbing liquor can be applied at source to change the 

nature of the waste water. For example, some treatments will convert most or all of the 

sulphides into sulphates, which would make the handling of the effluent easier in any 

downstream effluent treatment plant, but which nevertheless may have the potential to revert to 

problematic sulphides under certain conditions. However, some treatments may not be able to 

achieve this degree of oxidation, and any effluent that is subjected to treatment at source may 

also contain thiosulphates and sulphites in addition to sulphates. Also, some such treatments 

may oxidise all or some of any organic substances present in the spent caustic liquor. 

 

According to the data collection exercise, 14 installations strip the liquor, 10 sites use wet air 

oxidation in this stream, 15 do decantation, 5 do emulsion management and 3 do centrifugation 

as the pretreatment and direct the effluent to the downstream treatment, which is mostly shared 

treatment including biological and chemical oxidation. Pretreatments, where applied, are 

described in Section 4.4. The subsequent treatment of waste water is described in the CWW 

BREF. 

 

4.3.2.4 Emissions to water of cooling water 
 

Emissions arising from the direct use of water in the quench circuit are covered in Section 

4.3.2.1, so this relates to the use of indirect cooling water. The BREF covering industrial 

cooling systems is perhaps best suited to deal with this issue, particularly given the fact that 

cooling systems are generally shared between plants. See the ICS BREF. 

 

4.3.3 Raw material consumption 
 

4.3.3.1 Feedstock consumption 
 

Essentially all of the feedstock is converted into a range of co-products that all have the 

potential to be used beneficially. The relative quantity of each of the various co-products 

depends upon a range of factors (feedstock, cracking severity, subsequent upgrading, etc.) In 

principal, the process is almost 100 % efficient. However, a number of factors can result in a 

loss of conversion: 

 

 a mismatch between the co-product profile and the demand for one or more of these co-

products such that they require disposal; 

 raw material wastage due to excessive plant start-ups, shutdowns, trips, etc.; 

 heavy residues (e.g. green oil, sludges) from the cooling stage, which it might not be 

possible to view as valuable products.  

 

It is likely that the methane/hydrogen fraction is burnt as fuel in the cracker furnace, displacing 

natural gas. Nearly all of the lower olefin plants recover methane and hydrogen and burn them 

as a fuel, mostly in the steam crackers.  
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Consequently, in terms of numbers regarding individual co-products, data on the yields of co-

products were not provided; however, Table 4.2 gives a general profile regarding co-products 

corresponding to the feedstock.  

 

However, one important knock-on consequence of this could be difficulty in expressing specific 

loads in terms of a particular co-product or group of co-products, although most plants express 

their capacity in terms of their ethylene production.  

 

4.3.3.2 Sulphur doping chemicals consumption 
 

In order to retard the build-up of coke on the inner tube walls, feedstock can be doped with a 

sulphur-containing chemical (DMDS or dimethyl disulphide). The consumption of these 

substances is influenced by a range of factors, including the quantity of such species already 

present in the feedstock, the nature of the feedstock generally (i.e. its tendency to coke), the 

nature of the cracking process (i.e. its severity), and the nature of the furnace (i.e. materials of 

construction).  

 

The use of sulphur dosing should be optimised to minimise the need for decoking. 

 

4.3.3.3 Acid gas scrubbing media consumption 
 

Two scrubbing media are used: 

 

 regenerative amines, 

 caustic solution. 

 

a) Regenerative amine solvent consumption 

 

The regeneration of the amine solvent normally takes place in a refinery; the sulphidic species 

are stripped out and sent to the refinery's SRU. The regenerated amine is returned to the olefin 

plant. Although the amine solvent is regenerated, it cannot be completely recycled. This is 

because a portion needs to be purged in order to prevent the accumulation of impurities that 

arise from reactions with certain components present in the cracked gases. Therefore, a make-up 

stream of fresh amine solvent is required. The regeneration of amine solvents is described in the 

REF BREF. No data on amine consumption were provided. 

 

b) Caustic consumption 

 

The caustic scrubbing solution cannot be regenerated. As with any recirculatory scrubbing 

system, a purge is needed to prevent the accumulation of impurities to a level that would affect 

the effectiveness of the scrubbing process. Therefore, a makeup stream of fresh caustic is 

required. The quantity of caustic that is required is influenced by a range of factors, including 

the nature of the feedstock and the extent of any prior scrubbing with a regenerative amine 

solvent. No data on caustic consumption were provided. 

 

4.3.3.4 Hydrogen consumption 
 

This will only be relevant where hydrogenation is carried out to upgrade the alkynes present in 

the cracked gases. The quantity required will be influenced by a range of factors, including the 

nature of the feedstock, and the configuration of the co-product fractionation steps. 

 

It is foreseen that because hydrogen is already generated in the cracker as a by-product, this 

hydrogen, can be recovered from the cracked gases for use in hydrogenation and the amount 

generated should be sufficient; with a make-up when required. Data collection results show that 

the hydrogen generated is sufficient for hydrogenation and there is an excess, which is recycled 

back to the cracker furnace as fuel. Nevertheless, other than normal operating conditions or 
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fluctuations on operation may have an effect on this balance. This varies slightly from site to 

site, as shown in the responses to the data collection, summarised in the table below. 

 

 

 
Table 4.8: Use of hydrogen coming from the cracker 

Responses Recover Use on/off 

site 

Recycle back 

to 

hydrogenation 

Use 

as 

fuel 

Burn 

in 

cracker 

Flare Buffer 

storage 

Number of the 

plants that apply 27 33 21 28 25 
2 (+2 

optional) 
2 

Number of the 

plants that do 

not apply  
3 

2 

(1 off site) 
3 5 8 30 27 

 

4.3.3.5 Hydrogenation catalyst consumption 
 

The catalyst used for any hydrogenation of alkynes will have a finite life, and will therefore 

need to be periodically replaced (see Section 4.3.6.2). The frequency of replacement will 

depend upon a range of factors, such as the type of catalyst employed, details of process design 

and operation, and the cracker feedstock. 

 

4.3.4 Energy consumption 
 

4.3.4.1 Energy consumption of the cracking furnaces 
 

Steam cracking is the single most energy consuming processes in the chemical industry and a 

naphtha cracker may consume approximately 65% of the total process energy. The energy 

demand for cracking comprises the following elements: 

 

 heating and, in the case of liquid feedstocks, vaporising the feedstock; 

 satisfying the energy demand of the endothermic cracking reactions; and 

 heating the cracked gases to the desired radiant coil outlet temperature. 

 

The energy demand will be influenced by a range of factors, such as feedstock type, cracking 

conditions, degree of air preheat, and heat transfer efficiency. World average cumulative 

process energy use has been reported as 12 GJ/t of HVC and 22 GJ/t of ethylene whereas the 

values achieved by the state-of-the-art technologies are 7 GJ/t of HVC and 12 GJ/t of ethylene. 

(73, Ren 2008) 

 

A further important influence on overall energy consumption will be the level of heat recovery 

from the cracker furnace.  

 

It is likely that the methane/hydrogen fraction is burnt as fuel in the cracker furnace, displacing 

natural gas. 

 

According to the data collection, techniques applied by the operators to reduce energy 

consumption are:  

 

 air preheat (11 plants apply); 

 burner location/type (22 plants apply); 

 insulation (all apply); 

 use of process fuel (all apply). 

 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 4 

SH/TS/EIPPCB/LVOC Draft 1 April 2014 163 

4.3.4.2 Energy consumption for steam generation 
 

The primary steam demand is from the cracking process itself. The specific quantity and quality 

of steam required for the cracking process will be dependent upon the type of feedstock that is 

used, and the nature of the process conditions that are desired. For liquid feedstocks, the steam–

feedstock ratio is up to 0.85, whereas for an ethane feedstock the steam–feedstock ratio can be 

as low as 0.25. 

 

Steam may also be required for ancillary operations, such as the regeneration of an amine 

solvent, the wet air oxidation of spent caustic scrubbing liquors, and the driving of turbines 

associated with refrigeration compressors.  

 

All or some of the energy utilised for the generation of steam can be provided by heat recovered 

from the steam cracking process itself, e.g. from the convection section of the steam cracker 

furnace. However, some or all of the energy could be provided by a conventional steam boiler 

or gas turbine, possibly combusting ʻwastesʼ arising from the steam cracking and/or other 

processes.  

 

The main techniques for reducing energy consumed for steam generation are heat integration 

and recycling of condensate, which are applied by all operators, according to the data collection.  

 

4.3.4.3 Energy consumption for compression, refrigeration and 
fractionation 

 

The cracked gases must be compressed, refrigerated and then separated/fractionated. The energy 

required for any one of these activities depends not only upon the design and operation of that 

activity, but also upon the how it relates to the design and operation of the other two. Because of 

the limited degrees of freedom, it is not worth investigating them on an individual basis. 

 

Given the nature of the energy demand, some proportion will be supplied in the form of 

electricity, which may be generated at the installation. 

 

The techniques that can be employed to reduce the energy consumed include the following. 

 

 Efficient fractionation columns: columns with a good separation capability need lower 

reflux ratios, and therefore have a lower energy demand. All operators report applying 

this technique.  

 

 Fractionation section configuration: having either a front-end de-ethaniser or a front-end 

depropaniser in place of a front-end demethaniser, or incorporating a front-end 

depropaniser in place of a front-end de-ethaniser may reduce energy consumption, but 

is determined by the desired product profile. Most of the operators of lower olefin 

production plants report that they use this to reduce energy consumption. 

 

4.3.5 Water consumption 
 

4.3.5.1 Water consumed for steam generation 
 

The primary way of minimising water consumption in the generation of steam is to reuse 

condensates. In the specific context of the steam cracker, most of the dilution steam is 

condensed prior to compression (during either a direct contact water quenching step, or indirect 

cooling). The excess quench water or, as the case may be, the condensed dilution steam 

normally makes up a significant proportion of the recycled condensate. However, as this will be 

contaminated with hydrocarbons, it will need to be cleaned up by stripping, which will 

necessitate the consumption of energy. 
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However, the condensate that could be used may not be restricted purely to that from the steam 

cracking operations, as there may be other activities on the site that generate usable condensate. 

The operators report that recycled condensate is sent to boiler feed water preparation, treated 

and fed to the boiler for steam production. 

 

 

4.3.5.2 Water consumed for direct contact cooling 
 

Most (but not all) crackers employ direct contact water quenching for reducing the temperature 

of the cracked gases. The water used for the generation of the water quench cracking steam 

normally includes water recycled from the cracking dilution steam circuit, which condenses 

during the quenching process. However, in order to avoid the excessive build-up of solids 

within such a recycle, a portion of the water is bled from this circuit. 

 

The cracked gas needs to be cooled down before entering the cracked gas compressor. The last 

step of the cooling is usually done in a quench water column. Not all crackers have this and 

apply counter-current cooling instead of cooling water or air for the last step of the cooling. 

However, as the cracking process uses dilution steam to improve the selectivity of the process, 

water and hydrocarbons will always be separated off prior to entering the cracked gas 

compressor. So in all cases, water contaminated with hydrocarbons will be generated, which, 

from a water conservation view, is best recycled to the process (after suitable treatment of this 

contaminated water). 

 

Water consumption is typically reduced by recycling the water after appropriate treatment. The 

quality of the recycled water might deteriorate over time, so measures that can restore the 

quality of the effluent would reduce consumption. 

 

The water used is normally recycled, so there would be a relatively minor top-up to make up for 

the quantity that is bled, e.g. to control the build-up of solids – see Chapter 4.3.2.1.] 

 

4.3.5.3 Water consumed for acid gas removal 
 

The amount of water required in this respect will depend upon the amount of caustic that is 

used, the concentration at which it is delivered, and the concentration at which it is used. The 

amount of caustic used will be dependent upon a range of factors, such as the sulphur level in 

the feed, the extent (if any) to which scrubbing with a regenerative amine solvent is practised, 

and the rate or frequency at which the caustic scrubbing liquor is respectively bled or dumped. 

 

One way of reducing the quantity of caustic used (and therefore potentially the amount of 

dilution water that needs to be consumed) would be to maximise the quantity of gases that are 

removed using a regenerative solvent such as monoethylamine (if available) (see all comments 

above on amines vs caustic). However, most of the installations do not have amine treatment 

prior to caustic scrubbing. 

 

A number of operators employ a circuit for the recycling of caustic and water, or caustic carry-

over control. 

 

4.3.5.4 Water consumed for dust abatement during decoking 
 

The use of wet arrestment for the abatement of dust entrained in the air/steam effluent from tube 

decoking (see Section 4.4.7.5) will, by definition, necessitate the consumption of water.  

 

The instantaneous water consumption rate will depend upon the design and mode of operation 

of the abatement plant, and in particular the extent to which water recycling has been employed. 

However, the long-term water consumption will be influenced by the frequency and duration of 

decoking operations. As these may be very infrequent, the quantity of water consumed in this 

respect may be low when judged in the context of the total water consumption figure. 
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4.3.5.5 Water consumed for indirect cooling duties 
 

See the ICS BREF. 

 

4.3.6 Co-products, by-products and waste generation 
 

4.3.6.1 Co-products 
 

Essentially all of the feedstock is converted into a range of co-products that all have the 

potential to be used beneficially. The relative quantity of each of the various co-products 

depends upon a range of factors (feedstock, cracking severity, subsequent upgrading, etc.) In 

principal, the process is almost 100 % efficient. However a number of factors can result in a loss 

of conversion: 

 

 a mismatch between the co-product profile and the demand for one or more of these co-

products such that they require disposal; 

 raw material wastage due to excessive plant start-ups, shutdowns, trips, etc.; 

 heavy residues (e.g. green oil, sludges) from the cooling stage, which it might not be 

possible to view as valuable products.  

 

The main co-products are as follows. 

 

 Hydrogen/methane fraction: it is likely that this fraction will be used as fuel gas in the 

cracker furnace, replacing natural gas. Any excess can be fed into the fuel gas system 

for the LVOC plant (or refinery). 

 Ethylene/ethane fraction: ethylene is the desired product, although ethane can also be 

considered a valuable co-product. 

 Propylene/propane fraction: propylene is the desired product, although propane can also 

be considered a valuable co-product. 

 C4 fraction: further processing of this fraction can yield a number of beneficial products. 

 The pygas fraction is an important feedstock for aromatics plants. 

 

Controlling the product mix through the manipulation of feedstock and cracking conditions is 

viewed as extremely commercially sensitive by all operators. 

 

However, all of the above have the potential to be considered waste, processing problems or a 

mismatch between plant output and product demand, when they would have to be disposed of, 

e.g. by flaring. Some heavy residues from the initial cooling stage may also be considered a 

waste in certain circumstances. 

 
Table 4.9: Methane from cracker 

 Responses 
Isolated with 

hydrogen 

Combusted 

in cracker 
Used as fuel Flared 

Buffer 

storage 

Plants that 

apply 
12 25 26 1 2 

Plants that 

do not 

apply 

5 1 0 22 19 

 
4.3.6.1.1 Pyrolysis oils and pyrolysis gasoline 

 

Pyrolysis oils and pyrolysis gasoline are handled according to the site conditions. These are 

either used or sold as fuel on or off site. Alternatively, in the presence of a nearby refinery or 

aromatics unit, pyrolysis gasoline is sent to the aromatics unit for conversion into various 

products, the ratios depending on the fraction distribution. Pyrolysis oil is either used as fuel or 

sent to the refinery for viscosity adjustment or as feed for the FCC unit. 
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Table 4.10: How pyrolysis oils and pyrolysis gasoline are handled 

 Responses 
Used as 

a fuel 

Sold as a 

by-product 

Used on site 

(aromatics unit, 

refinery or power 

plant on the same site) 

Disposed 

of on site 

Disposed 

of off site 

Storage 

on site 

Plants that 

apply 
17 31 21 4 2 32 

Plants that 

do not 

apply 

14 4 7 23 25 0 

Source: Questionnaires from data collection 

 
4.3.6.1.2 Alkynes and dialkenes 

 

Recovered and hydrogenated by the majority of the plants (only two plants report not doing 

this). Nine plants report recycling back to the process and 18 plants report that they do not. 

Another option carried out by the operators is selling it to other installations. 

 
4.3.6.1.3 Alkanes (ethane, propane and butane) 

 

The vast majority, mostly ethane and propane, are recycled back to process. There is also an 

option to convert some of these fractions to other end-products such as butane to butadiene. In 

some cases, propane is also sent to other plants for LPG production. 13 operators reported that 

they have storage facilities for these. All operators reported that no flaring of these by-products 

is done. 

 

 

4.3.6.2 Decoking sludge 
 

Decoking sludge will only arise where the dust in the air/steam decoking stream is collected. 

The sludge could arise from the use of cyclones, filters, etc., or could form part of any 

suspended solids captured in scrubbing liquors. This waste will not arise where the air/steam 

decoking stream is burnt in one of the other cracker furnaces. 

 

The quantity of sludge that arises will depend upon the frequency and duration of decoking, and 

the nature of the decoking process (i.e. the degree of burnout achieved), and the mode of 

abatement employed – the higher the capture efficiency, the higher the sludge volume will be. 

The frequency and duration of the decoking process will be influenced by a range of factors, 

including the feedstock and cracking severity. 

 

 

4.3.6.3 Regenerative amine solvent 
 

The regeneration of the amine solvent normally takes place in a refinery; the sulphidic species 

are stripped out and sent to the refinery's SRU). The regenerated amine is returned to the olefin 

plant. Although the amine solvent is regenerated, it cannot be completely recycled. This is 

because a portion needs to be purged in order to prevent the accumulation of impurities that 

arise from reactions with certain components present in the cracked gases. 

 

 

4.3.6.4 Spent hydrogenation catalyst 
 

When hydrogenation is used to upgrade alkynes, the catalyst used will need to be replaced 

periodically. The frequency will depend upon the nature of the catalyst, the toxicity nature, the 

operating conditions, etc. Catalysts used in hydrogenation contain substances like palladium, 

silver, molibden, cobalt and nickel. Regeneration of catalyst is done on site by most of the 

operators, using various techniques like thermal oxidation, steam and air purging, and treating 
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with hydrogen. 15 companies reported treatment of catalyst, 8 of them off-site, while 27 

companies reported catalyst recovery but all carried out off-site by third parties. There is only 

one operator reported to be disposing of catalyst on site, while 14 operators have it done off site. 

Interim spent catalyst storage is reported by 8 operators (Source: questionnaires from data 

collection). 

 

The used catalyst is normally returned to its supplier for recovery of the metal component. 

 

4.3.6.5 Other waste 
 

Reported waste from lower olefin production plants includes oil-contaminated solid waste, 

sulphur-rich hydrocarbons from caustic treatment, heavy ends from primary fractionation and 

solid-rich waste stream. These are generic to the chemical sector and their prevention and 

minimisation, recovery/recycling, handling, treatment and disposal constitute waste 

management and are described in the generic chapter and the CWW BREF. 
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4.4 Techniques to consider in the determination of BAT 
 

This section describes techniques (or combinations thereof), and associated monitoring, 

considered to have the potential for achieving a high level of environmental protection in the 

activities within the scope of this chapter. The techniques described will include both the 

technology used and the way in which the installations are designed, built, maintained, operated 

and decommissioned. 

 

It covers process-integrated techniques and end-of-pipe measures. Waste prevention and 

management, including waste minimisation and recycling procedures are also considered, as 

well as techniques that reduce the consumption of raw materials, water and energy by 

optimising use and reuse. The techniques described also cover measures used to prevent or to 

limit the environmental consequences of accidents and incidents, as well as site remediation 

measures. They also cover measures taken to prevent or reduce emissions under other than 

normal operating conditions (such as start-up and shutdown operations, leaks, malfunctions, 

momentary stoppages and the definitive cessation of operations). Cross references to other 

chapters are used, where relevant to avoid repetition. 

 

Annex III to the Directive lists a number of criteria for determining BAT, and the information 

within this chapter will address these considerations. As far as possible, the standard structure in 

Table 2.3 is used to outline the information on each technique, to enable a comparison of 

techniques and the assessment against the definition of BAT in the Directive. 

 

This chapter does not necessarily provide an exhaustive list of techniques which could be 

applied. Other techniques may exist, or may be developed, which could be considered in the 

determination of BAT for an individual installation.  

 

4.4.1 Techniques to reduce emissions to air 
 

4.4.1.1 Process-integrated measures on the energy demand side  
 

Combustion operations covered in this section are the steam cracker furnaces where the heat 

required for cracking the feedstock is provided by the combustion of the fuel. Other combustion 

operations such as steam boilers are out of the scope of this BREF. Techniques incorporated in 

the crackers to reduce emissions are described in more details in Section 2.4 (on generic 

techniques to consider on emissions to air from combustion operations: primary and secondary 

measures), in the Refinery BREF and in the LCP BREF. References are made to those 

mentioned above where needed. 

 
4.4.1.1.1 Process Optimisation 

 

Determine the optimum operating conditions (e.g. temperature, residence time, steam addition) 

to produce the desired product mix from the raw material feed. General features of this 

technique are described in the Section 2.4.6.2 of the generic techniques chapter and also in 

CWW BREF.  Due to the specific conditions and fire duty requirement of steam crackers, the 

techniques for improving the efficiency and reducing emissions and raw material demand may 

have limitations or particularities of applicability. 

 

Process management in the steam cracker is dependent also on the type of the feedstock and the 

product spectrum desired. Generally speaking, ethylene (or HVC, high value chemicals) is the 

most favoured product and maximizing ethylene yield is a major driving force for optimizing 

the process conditions in crackers. Some of the main process conditions involved are furnace 

configuration, coil design, temperature (and temperature profile), run length and residence time.  

Severity, or cracking severity is a key parameter. It is defined as propylene to ethylene ratio 

(and sometimes methane to propylene ratio) for liquid feedstocks and conversion ratio for 

gaseous feedstocks. The complexity of the interrelations between these parameters makes it 

difficult to provide a one-size-fits–all solution to cracking optimization. Also the costs and 
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availability of fuels and feedstocks being largely varying among plants and geographic 

locations, or availability of providers or clients for feedstock or by-products effect the design 

choice of the olefin manufacturing plants. 

  

Due to the specific conditions partly mentioned above, the techniques for improving the 

efficiency and reducing emissions and raw material demand may have limitations of 

applicability. However, there are cases that particular solutions for performance optimisation are 

developed and implemented (catalytic cracking, hydropyrolysis, catalytic pyrolysis, etc.). 

 

[Request to TWG: There may be benefit to investigate further on this subject. In particular, 

more information on practical applications of these steam cracker-specific process optimisation 

techniques and corresponding performance data is welcome] 

 
4.4.1.1.2 Process control  

 

Description 

Group of operational procedures to control furnace at optimal performance: 

• continuous monitoring of emissions and of process parameters 

• advanced process controls systems (linked with distributed control system) and on-line 

optimisation is used extensively in steam crackers. Plants utilise multi-variable control 

techniques incorporating on-line analysers, performance controls, constraint controls, 

etc., Often with on-line optimisation for maximising asset utilisation and performance 

 

Technical description 

 

Environmental performance and operational data 

The questionnaires done for the review of the LVOC BREF reveal that those installations that 

operated a continuous measurement system have better emission performance (for NOX).  

 

73 out of some 500 lower olefin steam cracker furnaces that operate in the EU are equipped 

with a single stand-alone stack. Out of those, 31 furnaces are operated with continuous 

monitoring and statistically these have significantly lower emission values of NOX than the rest. 

The breakdown of the plants with and without continuous monitoring system is shown below in 

the table. There are considerably big differences in emissions of NOx to air depending on the 

control and monitoring of process parameters (conditions) and emissions.  

 
Table 4.11: Monitoring of NOX emissions carried out in lower olefin steam crackers in the EU 

Monitoring 
Number of furnaces 

(Total: 73) 

Average NOX 

emission(mg/Nm
3
) 

Standard deviation 

(NOX) 

Continuous 31 89 26 

Periodic 22 180 67 

Spot samples 20 127 28 
Source: Questionnaires from data collection 

 

4.4.1.1.3 Use of gas to replace liquid fuel 

 

Description 

The combustion of natural gas and/or fuel gas that has varying levels of hydrogen (H2) and/or 

hydrocarbons heavier than methane. 

 

Technical description 

This technique relates to the combustion of particular types of gaseous fuels, namely: 

 

 natural gas; 

 fuel gas that has inherently low levels of hydrogen (H2) and/or hydrocarbons heavier 

than methane; and  
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 fuel gas that has been treated in order to reduce its levels of hydrogen (H2) and/or 

hydrocarbons heavier than methane. 

 

Natural gas is a utility that is supplied according to a specification that sets maximum levels for 

hydrogen (H2), hydrocarbons heavier than methane and certain other components. In order to 

achieve this specification, natural gas will normally have been subjected to appropriate 

processing.  

 

Fuel gas arises as a by-product of steam cracking and other processes that may be located on the 

same site as a steam cracker and/or on an adjacent site. These other processes are likely to fall 

within the scope of either this BREF or the REF BREF. The fuel gas that arises from any such 

process will either be handled individually or be mixed with other fuel gases, and may be 

supplemented with natural gas imports in a common fuel gas header that supplies one or more 

processes. 

  

Fuel gas will normally be predominately comprised of methane, but it is also likely to contain 

hydrogen (H2), hydrocarbons heavier than methane and other components. The levels of these 

components will depend upon the specific nature of the process from which the fuel gas arises 

(including its feedstock), and any treatment that the fuel gas is subject to.  

 

Fuel gas produced by the steam cracking process is normally combusted in the steam cracker 

furnace, and this fuel gas may constitute all or most of the fuel used by a steam cracker furnace. 

Its composition is dependent upon a range of factors, including the following: 

 The feedstock used (all other things being equal, the use of lighter feedstocks gives a 

fuel gas that is richer in H2). 

 The cracking severity employed (all other things being equal, the use of high severity 

cracking gives a fuel gas that is marginally richer in H2). 

 The configuration of the downstream processing steps (all other things being equal, the 

use of a front-end demethaniser can result in a raw fuel gas that is richer in hydrogen if 

the H2 is not isolated separately). 

 Any separation and/or clean-up processes that the fuel gas is subjected to. 

 

A portion of the hydrogen produced in the steam cracker is used in the hydrogenation reactors 

within the steam cracker and in its associated units (e.g. butadiene and/or aromatic plant). This 

separation of hydrogen can be done through cryogenic separation in the chilling train of the 

steam cracker followed by a methanator or Pressure Swing Absorption (PSA) unit. 

 

In case of low-NOX burners, additional upgrading of the fuel gas is required to reduce the 

fouling and plugging of the small bore burner tips. A filter and coalescer system is typically 

required to remove any traces of solids and liquid aerosols from the fuel gas. 

 

Achieved environmental benefits 

The use of either natural gas or fuel gas that contains low levels of hydrogen (H2) can help 

reduce NOX emissions. This is due to the avoidance of elevated peak flame temperatures that 

can result from the presence of hydrogen (H2) in fuel gas under some firing conditions. 

However, the fact that the presence of hydrogen might allow stable combustion with lean fuel 

mixtures could actually offset NOX formation to a certain extent if H2-rich fuel is combusted 

under specific circumstances. 

 

The use of natural gas or fuel gas with low levels of hydrocarbons heavier than methane can 

help reduce NOX emissions due to the avoidance of the inherently higher potential for NOX 

formation when using liquid and heavier gaseous fuels. 

  

Due to the presence of downstream hydrogenation reactors, all steam crackers are designed with 

a sulphur removal system (caustic system with or without an upstream amine system). The 

cryogenic separation requires a low CO2 concentration, which is more difficult to achieve than 
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the sulphur removal. Usually, sulphur is typically removed to below 1 ppm. The lack of sulphur 

species will also result in low SO2 emission levels. 

 

Environmental performance and operational data 

The use of a particular fuel is just one of a number of factors and techniques that can influence 

NOX emissions. The performance associated with the use of any particular fuel per se cannot be 

considered in isolation, and the influences that the other factors might have therefore also need 

to be considered. This probably explains the absence of a clear correlation between H2 levels 

and NOX emissions in the data collection. 

 

Cross-media effects 

The following negative cross-media effects could arise from the implementation of the 

technique. 

 The clean-up of fuel gases is likely to require a greater use of cryogenic processing than 

might otherwise be the case, which would lead to a higher energy demand (e.g. for 

compression), particularly if additional compressors are required. 

 Removing hydrogen could increase carbon dioxide emissions per unit of energy 

produced, as a portion of the energy would no longer be derived from the oxidation of 

hydrogen. 

 The presence of hydrogen can promote efficient combustion, thereby possibly helping 

to reduce residual VOCs and CO. And (as already discussed above) it may facilitate 

more stable lean fuel combustion, which has the theoretical potential to mitigate the 

effect that the presence of hydrogen might have on the formation of NOX.  

 

The following positive cross-media effects could arise from the implementation of the 

technique. 

 

 The further removal of hydrogen could be attractive. However, it is only feasible when 

there are nearby users of this hydrogen. 

 The removal of hydrocarbons heavier than methane could increase the recovery of the 

co-products of the cracking process, which would otherwise simply be combusted. 

 The use of a clean, gaseous fuel could result in the need for less frequent burner 

maintenance, which could result in the need to have less frequent shutdowns, and in 

turn result in a reduction in the wastage (e.g. by flaring) of  co-products.  

 

Technical considerations relevant to applicability 

The composition of fuel gas from an individual process can vary over time due to normal 

changes in operational characteristics and circumstances, and the occurrence of other than 

normal operating conditions. Furthermore, when different fuel gases are mixed in a common 

fuel gas header, the composition of the combined fuel gas could change as a result of changes in 

the relative operating rates of the processes that contribute fuel gas to the common header. 

There may therefore be no guarantee that a fuel of the desired quality will always be available, 

and this may call into question a significant reliance on this technique alone for the reduction of 

NOX emissions. 

 

Furthermore, as the fuel gas (or a portion thereof) may be supplied by one or more other 

processes that may be operated by third parties, the operator of a steam cracker may have a 

limited ability to influence the quality of the fuel gas, although this will depend on the 

contractual arrangements for the supply and use of fuel gas that have been negotiated.  

 

If a furnace has been designed to combust liquid fuels, the burners that are in place within the 

steam cracker furnace may not be immediately suitable for the efficient combustion of gaseous 

fuels. 

 

A natural gas supply might not be available at the site, or there may be supply restrictions. 

 

Economics 
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The use of methane might alter the firing rate of an existing furnace. This would have a direct 

consequence for the throughput that could be achieved, which would in turn directly affect the 

steam cracker’s profitability. 

 

In addition, the use of a different fuel could affect the temperature profile of the cracking 

process, which impacts the relative quantities of the various co-products that are obtained. This 

shift in the product profile could increase the production of lower value co-products at the 

expense of the production of higher value co-products, which would have a direct effect on the 

steam cracker’s profitability. It can also impact the furnace run length and as such create extra 

decoking cycles, more maintenance and more frequent coil replacement.  

 

A change in the temperature profile within the steam cracker could result in a bottleneck arising 

in respect of the processing of a particular co-product fraction, and this may also result in a need 

to reduce throughput to avoid overloading the limiting part of the process. Debottlenecking the 

process to allow the resumption of the plant's full capacity could require additional capital 

expenditure, and possibly result in increased operating costs. 

 

When hydrogen is a useful chemical feedstock, its value to an operator may exceed the cost of 

combusting methane, even when including the cost of separation. This would obviously depend 

upon the price differential between deriving hydrogen from fuel gas and other potential sources 

of hydrogen that might be available (e.g. chlor-alkali and partial oxidation plants).  

 

As natural gas is a conventional fuel that is a valuable product with a market value outside the 

site context, its use is a more expensive option than the use of fuel gas.  

 

As mentioned above, the need for greater cryogenic service for the removal of hydrocarbons 

heavier than methane would increase energy consumption, and therefore energy costs. In 

addition to increased operating costs, capital costs may be incurred if additional equipment 

necessary for gas clean-up (e.g. new compressors) is required.  

 

Driving force for implementation 

The separation of hydrogen from fuel gas may be preferred in order to provide a high quality 

hydrogen feedstock for hydrogenation reactions.  

 

If no use is readily available for the hydrogen and/or hydrocarbons heavier than methane 

components of the fuel gas that arise as a by-product from the cracking process (and other 

processes), the only alternative may be to flare these components. Although this might reduce 

the NOX formed during the combustion of the fuel gas in the steam cracker furnace, NOX will 

still be produced during the combustion of an alternative fuel in the steam cracker furnace, and 

the total NOX emissions may therefore be greater than would have been the case had the fuel 

been combusted. It would also represent a waste of an energy source.  

 

Example plants 

Most of the lower olefin production plants apply this technique. 

 

Reference literature 

 

4.4.1.2 Techniques to reduce emissions of NOX from steam crackers 
 

Despite the specific characteristics of steam cracking furnaces rising from the energy demand of 

the cracking process, NOx emissions from cracking furnaces arise from the combustion of the 

fuel in the furnace side of the crackers. Techniques to prevent or reduce NOx emissions are 

those used for combustion. These are classified as process-integrated techniques, primary and 

secondary measures for NOx. The techniques, briefly mentioned below, are described in more 

details in the Section 2.4.4.4 and REF BREF. However, application of these techniques and the 

achieved emission and performance levels are discussed in this section. 
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Data on emissions of NOx from steam cracker furnaces are already laid down in Section 

4.3.1.1.1. Distribution of these emissions are shown in the graphs below. Figure 4.4 shows a 

histogram of the emissions, with 10 mg/m
3
 intervals to demonstrate the distribution and 

convergence of the values. Figure 4.5 shows a box plot diagram which indicates the lowest and 

highest observations, the means and the lower and upper quartiles. The lower quartile splits the 

lowest 25 % of the data and the upper quartile splits the highest 25 % of the data.  Data from the 

plants have been analysed and compiled for processing. Here shown is treated data without 

interference because of combined stacks or combined off-gas processing. 

 

 

 

Figure 4.4: Histogram chart showing the distribution of NOX emissions 
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Figure 4.5: Boxplot type chart of NOX emissions form the cracker furnaces 

4.4.1.2.1 Primary measures for NOX 

 

Techniques include: 

 

• Use of gas to replace liquid fuel, 

• Staged combustion - air staging and/or fuel staging, 

• Optimisation of combustion air, 

• Minimising air preheat, 

• Flue-gas recirculation, 

• Use of low-NOX (and ultra-low-NOx) burners (LNB/ULNB), 

• Diluent injection. 

 

These techniques are described in the Section 2.4.4.4 of the generic chapter, and in more detail 

in the REF BREF. 

 

These measures are employed in combination due to the nature of the process and plant; data 

collected also corresponds to several techniques used together. It is sometimes impossible to 

discriminate particular effect of each one technique. But still it can be observed that there is a 

difference in the performance of the plants that employ a combination of several of the 

measures mentioned here against the plants that have a poor combination or small number of 

those measures. The graph below demonstrates the difference in the NOx emissions of those 

who do and do not apply a suitable combination of the techniques. 

 

 

Figure 4.6: NOx emissions with application of a combination of the relevant techniques 

 

 
4.4.1.2.2 Secondary measures for NOX 

 

There are a number of techniques to abate emissions of NOx arising from steam cracker 

furnaces. In cases where primary techniques are insufficient to reduce emissions or have limited 

applicability due to several reasons including the energy demand of the process, end-of-the pipe 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 4 

SH/TS/EIPPCB/LVOC Draft 1 April 2014 175 

techniques are used to further reduce the emissions. See generic techniques Section 2.4.4.4 or 

the REF BREF for more information on these techniques. The only end of the pipe technique 

that was reported to be in use by the plants is SCR- Selective Catalytic Reduction of NOx. 

 

Selective Catalytic Reduction (SCR) 

 

The catalytic reduction of NOX to nitrogen and water using ammonia reagent in the presence of 

a catalyst. SCR has the potential to significantly reduce NOX emissions in the combustion gases 

from the cracker furnace (See figure 4.7 below). See generic techniques Section 2.4.4.4 or the 

REF BREF for more information. 

 

According to the data collection exercise, a total of 4 plants, 25 furnaces in 9 types reported 

having SCR systems.  Emission measurement results reported by the plants show that obviously 

lower emissions of NOx are achieved by the application of SCR. The difference in the emissions 

form cracker furnaces with and without SCR is demonstrated in the graphs in Figures  4.7 and 

4.8 below. Figure 4.7 shows down the emissions from the cracker furnaces, indicating which are 

equipped with SCR systems. Despite the limited sample size and the number of cracking 

furnaces equipped with SCR, the data collection results show that those with SCR have 

significantly lower NOx emissions. There are plants that are not equipped with SCR but 

according to the data collection, seem to have similar emission profile as the ones with SCR. 

These plants use more of the primary measures for NOx and process control and optimisation 

techniques together with continuous monitoring of process and emissions. 

 

 

Figure 4.7: Effect of SCR to reduction of NOx emissions from the cracker furnaces 

 

In Figure 4.8, the boxplot diagram indicates the lowest and highest observations, the means and 

the lower and upper quartiles. The lower quartile splits the lowest 25 % of the data and the 

upper quartile splits the highest 25 % of the data. 

 

Potential cross-media effect of SCR is the probability of emissions to air of excess ammonia 

(ammonia slip). Effective control of ammonia injection rate and addition of the correct quantity 

of ammonia in a manner that ensures its even and effective distribution through the catalyst is 
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essential to minimize this effect.  Data on ammonia emissions from SCR systems is shown in 

Table 4.5 in Section 4.3.1.1.5.  

 

 
Source: Data collection LVOC BREF review 2013 

Figure 4.8: Boxplot chart of NOX emissions from cracker furnaces with and without SCR systems 

 

4.4.1.3 Techniques to reduce emissions of SO2 from steam crackers 
 

Specific: SO2 emissions are generally totally dependent upon the quantity of sulphur present in 

the fuel. Much of the fuel used in a cracker furnace is likely to be recycled fuel gas from the 

cracking process.  Because SO2 (and other acid gases) must be removed from the cracked gases 

prior to their downstream processing, this fuel gas should contain low levels of sulphur. Indeed, 

during the data collection exercise, maximum sulphur content reported by the plants is 0.10 % 

(in liquid fuel with a share of 18%). Emission data collected from plants are limited, but values, 

shown in the table 4.3, between 2.5 and 40 mg/Nm
3
 fall within the range of values shown in the 

REF BREF. 

 

Generic: There might be cases that fuels that contain appreciable levels of sulphur are used; 

causing SO2 emissions from the combustion side of steam crackers. In these cases depending on 

the level of emissions anticipated, techniques to reduce SO2 emissions would be of concern. 

These generic techniques, listed below are described in details in generic techniques Section 

2.4.4.4, REF BREF (Section 3.10, 4.23.5, 5.9) and the LCP BREF (Sections 4.5.6, 4.10.2, 

4.10.3 and 4.23.5.4). Primary measures listed below are reported to be employed in the lower 

olefin production plants and no secondary measure was reported. In case of use of a fuel with 

higher sulphur content, those secondary measures should be considered. Emission levels 

associated with the use of these techniques can also be seen in the REF BREF and LCP BREF.  

 

Primary measures for SOX 

Use of gas to replace liquid fuel  

Use of low sulphur liquid fuels. 

 

Secondary measures for SOX 

wet scrubbing 

sorbent injection (dry scrubbing)  

 

Process-integrated measures on the energy demand side (See also Section 4.4.1.1) 
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[Request to TWG: The TWG is asked to provide emissions data to support the BAT-AEL 

proposed below, which is based on limited data - BDQ agreement was to set limit on fuel 

composition. The issue (high sulphur content of heavy naphtha and low sulphur content of gas 

fuels) also was faced by the REF BREF. Consistency is needed between the LVOC and REF 

BREFs as many of these furnaces operate under a Refinery installations' permit]. 

 

4.4.1.4 Measures for CO 
 

 

 
 

Source: Data collection exercise LVOC BREF review 2013 

Figure 4.9: CO emissions from steam cracker furnaces  

 

Distribution of CO emissions from steam cracker furnaces can be seen in the graph above. By 

use of combustion control techniques, emission values of CO by far lower than 20 mg/Nm
3
 are 

observed. Data collection exercise shows that combustion control measures are generally 

implemented in these plants, providing generally lower CO emissions. The measures reported 

are combustion air control and control of excess O2 throughout the combustion. These 

techniques covered under broader topics and can be summed up as: 

 

• Process-integrated measures on the energy demand side (See also Section 4.4.1.1), 

• Measures for CO 

 

See generic techniques Section 2.4.4.4 and Section 8.2.3.1 or the LCP BREF for more detailed 

information.  

 

4.4.1.5 Techniques to reduce emissions of dust from steam crackers 
 

Dust emissions to air from combustion processes can include ash components present in the fuel 

and/or soot formed under certain combustion conditions, particularly where liquid fuels are 

used. When the particulates do not come from the fuel content, emissions of those are expected 

under other than normal operating conditions. In rare cases where liquid fuel is used there may 

be need to abate dust emissions under both normal and other than normal operating conditions.  

 

However, elevated particulate emissions that are not attributable to the presence of ash in the 

fuel are likely to occur only during other than normal operating conditions, such as a failure of 

the combustion control system or some component thereof, a blocked fuel valve or air damper, 
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etc. For both cases, techniques that could be applied for the control of dust emissions are the 

primary techniques to avoid dust emissions and secondary techniques to abate emissions of dust 

from the cracker furnaces as listed below. Limited emission data was received from spot 

sampling, however measurement results between 2.8 and 7 mg/m
3
 falls within the range of 

values shown in the LCP BREF. Information on the techniques is covered in more details in 

generic techniques Section 2.4.4.4, CWW BREF or the LCP BREF (Section 7.3.4 of the 

existing BREF or Sections 8.2.2.1 and 10.5.1.5 of the BREF review). 

 

Primary measures for dust 

 

 Use of gas to replace liquid fuel 

 atomisation of liquid fuel, inert diluents, e.g. flue-gas, steam, water, nitrogen, added to 

combustion equipment reduce the flame temperature and consequently the 

concentration of NOX in the flue-gases 

 Optimisation of combustion air 

 

Secondary measures for dust 

 

 electrostatic precipitator (ESP), 

 third stage blow back filter 

 wet scrubbing, 

 centrifugal washers, 

 cyclones, 

 filtration. 

 

Process-integrated measures on the energy demand side (See also Section 4.4.1.1) 

 

4.4.1.6 Techniques to reduce emissions from decoking 
 

These can be regarded as primary or process integrated or secondary or abatement techniques 

for the emissions rising from decoking of the cracker tubes as listed below in table 4.13. 

Techniques divide into those which reduce the rate of coke formation in order to reduce the 

frequency of decoking operations and abatement techniques. 

 
Table 4.12: Coke Prevention and abatement techniques and number of sites that reported 

using these techniques 

Coke Prevention Techniques 
Number 

(out of 46) 

Maximise burnout of coke 39 

Steam only decoking  2 

Doping feedstock with sulphur compounds 39 

Materials of construction for tubes that retard coke formation 
1
 7 

Low Nickel tube composition
1
 3 

  

Abatement Techniques  

Dry cyclones 16 

Centrifugal washers (Wet cyclones) 11 

Re-route to furnace firebox 2 

No abatement 6 
1: These two are elaborated under the same heading in 4.4.1.7.1  

 

With a combined application of the above-mentioned techniques, the reported values of dust 

emissions from decoking range between 1 mg/Nm
3
 and 700 mg/Nm

3
, while most values lay in 

the 1–30 mg/Nm
3
 range. However, these are from periodic emission measurements with varying 
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sampling durations, and do not seem to accurately represent the highly varying emission profile 

of the decoking cycle, which is longer. Reported mass emissions of dust over the decoking cycle 

range are between 5 kg and 80 kg. Following table (Table 4.13) shows the data provided by the 

operators during the data collection. Measurements that have been done are generally periodic 

sampling with gravimetric analyses. Average and maximum values provided are laid down in 

the table.  No data have been provided to show the variation of emissions over a decoking cycle. 

That would be necessary for a more detailed analysis of the emission data. Some data were 

provided with a tag of moisture and O2 content of the sample gas,  

 
Table 4.13: Dust emission data measured during decoking 

Plants 

Dust 

(average over 

decoking cycle) 

Dust 

(maximum over 

decoking cycle) 

Plant#1 1 - 

Plant#2 17 102 

Plant#3 20 120 

Plant#4 25 88 

Plant#5 25 56 

Plant#6 30 109 

Plant#7 30 235 

Plant#8 * 78 146 

Plant#9 89 170 

Plant#10 560 1600 

Plant#11 720 - 

* : measured in wet conditions (> 75 % moisture) and %21 O2 

Source: Data collection exercise LVOC BREF review 2013 

 

 
4.4.1.6.1 Materials of construction for tubes that retard coke formation  

 

Description 

Indirect techniques relate to the precautions that are employed to reduce the rate at which coke 

builds up on the inner surface of the tubes, and thereby reduce the frequency and/or duration of 

decoking, thus reducing the overall mass emissions. The techniques include coil construction 

(fin tubes, Mixing Element Radiant Tubes (MERT) or selecting materials that retard coke 

formation for tube construction, like low nickel tube material, inert or coke-retardant tube 

coating. 

 

Technical description 

Any nickel (including any nickel oxide sites) present at the surface of the tubes catalyses coke 

formation. Use of materials with low nickel levels, or coating the interior tube surface with an 

inert material can therefore retard the rate of coke build-up. However, nickel imparts a range of 

physical and chemical properties that are particularly helpful in allowing the tubes to withstand 

the extreme duty that they are exposed to within the furnace. This technique therefore relates to 

the use of materials with low nickel levels, or with an appropriate surface coating that blocks 

access to available nickel (oxide) sites.  

 

Achieved environmental benefits 

This should reduce the frequency and/or duration of decoking events, and therefore the potential 

total mass emission of dust. Consequently, this would also reduce the amount of energy wasted 

during decoking. 

 

Reducing the rate of coke build-up improves energy efficiency by limiting the insulation effect 

of coke build-up, which necessitates higher furnace temperatures.  

 

Environmental performance and operational data 
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Cross-media effects 

The life of these coils and coating is often shorter or the effectiveness is reduced (or gone) after 

one or more decoking cycles. 

 

Technical considerations relevant to applicability 

 Effectiveness after small coke layer is formed. 

 Resistance against decoking. 

 Resistance against thermal fluctuations. 

 

Economics 

The production of the special materials and of coatings can be more expensive. For new steam 

crackers, the issue would be the differential costs (if significant). For existing steam crackers, 

the issue would be the cost of replacing all the tubes. 

 

Driving force for implementation 

Convenience of increased production because of longer uptime. 

 

Example plants 

 

Reference literature 

 
4.4.1.6.2 Doping feedstock with sulphur compounds  

 

Description 

Doping of feedstock with a sulphur-containing substance such as DMDS. 

 

Technical description 

Nickel and nickel oxide sites present in the cracker tube material can catalyse the formation of 

coke. However, nickel sulphides do not catalyse coke formation, so the presence of sulphur-

containing compounds in the feedstock passivates otherwise active nickel sites by promoting the 

formation of nickel sulphide. 

 

Some feedstocks will already contain sulphur compounds, so the need for (and the extent of) 

doping will be variable. 

 

Achieved environmental benefits 

This should reduce the frequency and/or duration of decoking events and therefore the potential 

total mass emission of dust. Consequently, this would also reduce the amount of energy used 

during decoking. 

 

Environmental performance and operational data 

 

Cross-media effects 

The addition of sulphur compounds to the feedstock increases the amount of hydrogen sulphide 

and sulphur compounds that will need to be removed. Consequently, it could possibly increase 

the amount of caustic consumed and sulphur dioxide emissions to air. 

 

Some of the potential substances would be toxic, which might cause health and safety concerns. 

 

Technical consideration relevant to applicability 

The facilities available for the handling of hydrogen sulphide may have a bearing. 

 

Economics 

As doping should be at a low concentration, the operating costs should not be high. However, 

the capital cost of installing the capability to dose at low rates could be high. 

 

Driving force for implementation 
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Avoids plant downtime. 

 

Example plants 

 

Reference literature 

 
4.4.1.6.3 Process-integrated measures on the energy demand side 

 

See also Section 4.4.1.1 

 
4.4.1.6.4 Primary measures for dust on the energy supply side  

 

These techniques are associated with the fuel use to provide necessary heat and steam for 

decoking. Thus these will be those generic primary dust prevention measures in combustion 

operations. For information see generic techniques Section  

 

Use of gas to replace liquid fuel,  

Optimisation of combustion, 

Atomisation of liquid fuel. 

 
4.4.1.6.5 Secondary measures for dust 

 

Generic 

Measures generally end-of-the pipe for the abatement of the decoking dust are those generic 

abatement techniques described in more details in the generic techniques sections. Application 

of these techniques might have restrictions due to the plant design and lay-out and conditions 

such as high moisture content of the decoking off gas because of the steam used for decoking of 

the tubes. Another operational detail is the frequency of the decoking and the fluctuation of the 

amount, temperature and composition of the off gas throughout the decoking cycle, which is 

also varying from plant to plant. Results of the data collection exercise are laid down in table 

4.12 above. In the table the number of plants that use each abatement measure is given. See 

generic techniques Section 2.4.4.3 and 2.4.4.4 for the list and description of the measures.  

 
4.4.1.6.6 Re-route to furnace firebox 

 

Description 

Route the steam/air effluent from decoking to a cracker furnace firebox. 

 

Technical description 

 

Achieved environmental benefits 

Reduction of dust and CO emissions to air. 

 

Environmental performance and operational data 

 

Cross-media effects 

In order to ensure that the dust is fully oxidised, it may be necessary to operate the furnace at a 

higher oxygen concentration, and this may impact on energy efficiency. There may be dust 

present in emissions from steam cracker furnaces. 

 

This can impact the fouling of the convections section and as such reduce the energy efficiency. 

This technique is not advised where Selective Catalytic Reduction of NOX is applied as the 

catalyst performance can be reduced and the catalyst life can be shortened. 

 

There is also a possibility of impacting on the heat distribution within the furnace, which could 

affect the reliability of the furnace resulting in lost production while poor heat distribution could 

increase other emissions such as NOX, CO or VOCs. 
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Technical consideration relevant to applicability 

Retrofitting this approach to an existing furnace may be constrained by a range of factors. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 
4.4.1.6.7 Maximise burnout of coke 

 

Description 

Carry out decoking in a manner that promoted maximum burnout of the coke. Maximising the 

extent to which the coke is burnt out (rather than simply displaced) will reduce the dust load in 

the exiting gases. However, attempting this runs the risk of tube damage (due to the temperature 

that would probably accompany high levels of air), and it must therefore be viewed as an 

incomplete technique, and may only have relevance towards the end of the decoking cycle.  

 

Technical description 

 

Achieved environmental benefits 

Reduction of dust emissions. 

 

Environmental performance and operational data 

 

Cross-media effects 

Increase in CO emissions and possibly higher energy demand. 

 

Technical consideration relevant to applicability 

A higher burnout temperature might test the operating limits of the plant. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 
4.4.1.6.8 Use of alternative mechanical decoking: sand jetting or pigging  

 

Method of decoking furnace tubes using a turbulent stream of impact-resistant, particle-enriched 

gas, or a tight fitting object pushed through the pipework. These may replace or facilitate 

thermal decoking. See generic techniques Section 2.4.12.1.1 and Section 16.4.6.2.1.  

 

4.4.1.7 Techniques to reduce emissions to air from clean-up of cracked 
gases 

 

Cracked gases from the steam cracker, after quenching, go through compression stages (in cases 

when liquid feedstock used, also a primary fractionation is involved and heavy fractions (tar, oil 

and heavy gasoline) are removed at this stage). An acid gas removal stage is incorporated in to 

these compression steps.  

 

Depending on the site conditions, an amine scrubbing followed by a caustic scrubbing, or only 

caustic scrubbing is involved for the removal of acid gases from the process stream. Caustic 
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scrubbing is always required in a steam cracker to avoid poisoning of downstream catalyst 

systems and blockage of the chilling train. This is the main reason why the fuel gas as produced 

within the steam cracker is sulphur free (< 1ppm H2S). After scrubbing steps, the scrubbing 

liquor will contain sulphidic species and hydrocarbons. These can be recovered from the 

scrubbing liquor recycle or spent scrubbing liquor. Techniques applied in this manner are 

mentioned in this chapter and described in more details in generic techniques chapter.  

 

 
4.4.1.7.1 Amine treatment of acid gases  

 

Amine treatment of acid gases is the first step in a 2-step process to recover sulphur from 

process gas stream such as the sulphurous gases (like H2S)  are present in process streams in 

lower olefin production. It is similar to wet gas scrubbing, but uses an amine absorption liquid 

instead of water or alkali.  The technique is described in full in the REF BREF. See REF BREF 

Section 4.23.5.1 and Section 2.4.4.2 generic techniques. 

 
4.4.1.7.2 Wet gas scrubber (caustic) 

 

Removing sulphidic species using caustic scrubbing potentially allows for the ultimate 

conversion of a significant proportion to sulphites, sulphates, etc. if effluent oxidation is 

subsequently employed. Therefore, maximising the extent to which caustic scrubbing is 

employed relative to amine scrubbing could potentially reduce SO2 emissions when no sulphur 

recovery takes place. However, there are potentially significant cross-media and economic 

effects associated with this approach, and no guarantee that oxidation would take place. See 

Section 2.4.4.2 on generic techniques and CWW BREF. 

 
4.4.1.7.3 Maximise the use of amine scrubbing for the removal of acid gases 

 

Increase/maximize the scrubbing of the cracked gases with a regenerative (amine) solvent to 

remove acid gases, mainly H2S, to reduce the load on the downstream caustic scrubber. Caustic 

consumption and spent caustic generation thus ought to be minimized. In cases where caustic is 

produced by a mercury cell operated chlor alkali plant (if any), this will minimize the potential 

effect of mercury contamination as well. Amine scrubbing details are described in Section 

2.4.4.2 on generic techniques and the REF BREF. 

 
4.4.1.7.4 Sulphur recovery 

 

Sulphur-rich streams can be sent to a sulphur recovery plant if the cracker is located in close 

proximity to a refinery and it was justified by the amount.  As it would avoid the need for 

incineration, it would also have the effect of reducing emissions of sulphur dioxide, and 

allowing the recovery of sulphur. This stage of the sulphur recovery process could be on the 

same site or an adjacent site and is normally located within refineries; so it is not described here.  

Most refineries have a sulphur recovery unit, where elemental sulphur is recovered from the 

amine liquid.  The amine liquid is regenerated for reuse in the amine treatment. See (the Section 

2.4.4.2 on generic techniques and) REF BREF Section 4.23. 

 
4.4.1.7.5 Incineration or thermal oxidation 

 

Gaseous streams may be oxidised and hydrogen sulphide present in the acid gases is oxidised to 

sulphur dioxide, which is less harmful and odorous. When a sulphur recovery plant is 

unavailable, or the streams are not sufficiently rich in sulphurous species to warrant being 

forwarded to such a plant, the streams can be incinerated. This would result in the formation of 

SO2, and would involve the use of additional energy. This is described in the CWW BREF. 

  
4.4.1.7.6 Techniques to reduce VOC emissions to air 

 

Both feedstock and intermediate streams may contain fractions of hydrocarbons that can be 

regarded as co- or by-products. These can be recovered from the product stream by various 
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techniques (normally distillation columns) and might be used in various ways to increase the 

overall product efficiency and reduce emissions to air and water and generation of waste. These 

techniques for recovery and reuse are described more in details under the generic techniques 

section. See generic techniques Section 2.4.4. By applying the techniques listed below VOC 

emissions are to be minimized; remaining VOC's from various vents are usually combined and 

channelled to end-of pipe treatment such as thermal or catalytic oxidisers, for further treatment. 

Emission values of VOC's from these units, being shared by various different units on big 

chemical sites, were not reported as attributable to lower olefin production plants. However, 

these are not expected to be of high significance since most of the VOC emissions from LVOC 

installations are fugitive VOC emissions which may comprise 80% of total VOC emissions to 

air from these installations. 

 

Feedstock recovery (by distillation, cracking, etc.) 

Measures that apply basic operations (such as distillation or cracking reactions) to recover 

feedstock from the waste streams. Cracking still used in a few installations. See Section 

2.4.9.1.3 generic techniques and CWW BREF. 

 

Condensation 

Condensation is a technique that eliminates solvent vapours from a waste gas stream by 

reducing its temperature below its dew point. In LVOC, it is a recovery technique generally 

applied close to the source of the emission as an initial treatment step. Further treatment of the 

waste gas stream is normally applied downstream. However, it can also be used as a post 

treatment for enriched gas streams arising from other treatment processes, e.g. waste water 

stripping or distillation. See Section 2.4.4.1.3 generic techniques and CWW BREF. 

 

Isolate by-products for sale 

This technique consists of isolation/purification (such as distillation) of these by-products to 

meet certain specifications in order to sell them. In some plants, major by-products are 

recovered and sold or used as feedstock for other processes. See Section 2.4.9.1.2 generic 

techniques and CWW BREF. 

 

Thermal oxidation 

Passing the stripping/oxidation air through an incinerator should convert most of the VOCs to 

CO2 and water. This would involve the cross-media effect of increased energy consumption. 

See the generic techniques section and the CWW BREF.  

 

4.4.1.8 Fugitive emissions to air 
 

For information on techniques to prevent/reduce fugitive emissions related to the process and 

plant design in order to reduce fugitive emissions, please refer to the section on generic 

techniques in this document and in the CWW BREF. 
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Table 4.14: Techniques used by LO operators to manage fugitive VOC emissions 
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plants 

that 

apply 

25 10 24 21 27 2 7 24 

Number 

of the 

plants 

that do 

not apply  

6 18 3 5 1 27 22 1 

Source: Questionnaires from data collection 

 

4.4.2 Techniques to reduce emissions to water 
 

During data collection, 9 plants reported having a dedicated waste water treatment facility, 16 

operators do individual and 18 do shared pretreatment on their site, no data on emissions to 

water were reported.  

 

4.4.2.1 Process water (purge from dilution steam generation)  
 
4.4.2.1.1 Maximise recovery and reuse condensate from the dilution steam 

generation system 

 

Dilution steam generation systems are used to recycle the majority of the contaminated 

condensate from the crackers. These units typically include a gasoline wash system to extract 

heavy hydrocarbons, a coalescer/phase separation system, stripping to remove light 

hydrocarbons, and a regeneration column or regeneration exchangers where the partially 

cleaned water is reboiled and returned to the cycle. Hydrocarbons recovered in the process are 

retained to join the gasoline and/or fuel oil product or feed streams. Dilution steam generation 

systems can considerably reduce the requirement for boiler feed water on a plant since the 

condensate from the ‘clean’ steam used to re-boil the process water can be recovered. Dilution 

steam generation gives the additional advantage of reducing significantly the quantity of process 

water that requires to be treated, whilst at the same time lowering the hydrocarbon and phenol 

loading. (from Existing LVOC BREF) 

 

Techniques used for recovery and reuse of hydrocarbons and condensate from the dilution 

steam generation system 

 

• Multiple use and recirculation operations, 

• Feedstock recovery by distillation or cracking, 

• Recover liquid hydrocarbons as fuel. 

 

See the generic techniques Section 2.4.8 and 2.4.9.1.3 and CWW BREF 

 
4.4.2.1.2 Process-specific treatment and pretreatment techniques 

 

Techniques for pretreatment prior to a shared wastewater treatment: 
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 steam stripping, 

 phase separation (oil-water (API including emulsion management) separators), 

 hydrocyclone. 

 

See the generic techniques and CWW BREF 

 

4.4.2.2 Techniques to reduce emissions to water from the streams from 
decoking (and abatement of emissions to air from decoking) 

 

Where a wet abatement technique is used to treat the steam/air mixture arising from the 

decoking process this waste water stream will arise and will not arise if the steam/air mixture is 

routed to another cracker furnace. Wet abatement dust removal is reported to be widely used 

and aqueous effluent is generally sent to shared treatment, after some pretreatment. The 

pretreatment operations reported are filtration, scrubbing, decantation and CPI (corrugated plate 

interceptor) for oil-water separation. 

 

 Filtration 

 Gravity separation techniques 

o Phase separation (decanter) 

o Oil-water separation (as API) 

 

These can be seen in details in the CWW BREF. 

 

4.4.2.3 Techniques to reduce emissions to water from acid removal 
systems 

 
4.4.2.3.1 Use of lower sulphur feedstocks  

 

Low sulphur feedstocks will require less scrubbing downstream of the cracker to remove 

hydrogen sulphide. However, this should be balanced with the possible need to reduce the 

rate of coke generation. Feedstock desulphurisation techniques are described in the REF 

BREF. 

 
4.4.2.3.2 Maximise the use of amine scrubbing for the removal of acid gases 

 

Increase/maximize the scrubbing of the cracked gases with a regenerative (amine) solvent to 

remove acid gases, mainly H2S, to reduce the load on the downstream caustic scrubber. Caustic 

consumption and spent caustic generation thus ought to be minimized. In cases where caustic is 

produced by a mercury cell operated chlor alkali plant (if any), this will minimize the potential 

effect of mercury contamination as well. Amine scrubbing details are described in Section 

2.4.4.2 on generic techniques and the REF BREF. 

 
4.4.2.3.3 Use of regenerative amine solvent 

 

Description 

The scrubbing of the cracked gases with a regenerative solvent (in order to remove hydrogen 

sulphide) prior to caustic scrubbing. 

 

Technical description 

The cracked gases are contacted in a column with a scrubbing medium into which some of the 

hydrogen sulphide (and CO2) in the gases is absorbed. Amines are commonly used for this 

purpose, monoethylamine in particular. 

 

The scrubbing liquor loaded with hydrogen sulphide is then heated in a separate column in order 

to liberate the hydrogen sulphide, which can be incinerated or sent to a sulphur recovery plant. 

The regenerated scrubbing medium is returned to the cracked gases column to complete the 

cycle. 
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Achieved environmental benefits 

The quantity of caustic required for hydrogen sulphide (and carbon dioxide) removal is reduced. 

When the caustic used originates from a mercury cell, reducing the quantity of caustic used will 

also reduce the mass emission of mercury.  

 

Depending on the concentration at which the caustic for acid gas removal is delivered, the use 

of amine scrubbing may also help reduce water consumption.  

 

Although the sulphide (and organics) concentration in the spent caustic scrubbing liquor may 

remain the same, the mass emission of sulphide (and organics) in emissions to water and the 

volume of effluent will both be reduced. The emissions to air (of hydrogen sulphide and VOCs) 

resulting from the handling and processing of the spent scrubbing liquor will also be reduced for 

the same reason. 

 

The ability to isolate the hydrogen sulphide allows for the possibility of recovering sulphur as a 

useful by-product. 

 

Environmental performance and operational data 

 

Cross-media effects 

Some of the solvent can react with carbon dioxide in the cracked gases to form non-regenerable 

salts, and a portion of the solvent needs to be bled from the circuit in order to control the 

concentration of this salt. This will result in the generation of a waste stream. 

 

The regeneration of the solvent liberates hydrogen sulphide (for subsequent sulphur recovery or 

incineration) and will involve heating, and therefore the consumption of steam. 

 

Where no sulphur recovery plant is available, the incineration of any isolated hydrogen sulphide 

would result in sulphur dioxide emissions to air. 

 

Technical consideration relevant to applicability 

It is only likely to be relevant for feedstocks that contain material sulphur levels. 

 

If there is limited space, it might not be feasible to accommodate the additional columns and 

associated equipment at an existing cracker. 

 

Economics 

The capital costs will include the cost of significant absorption and desorption columns, and the 

original scrubbing medium charge. The ongoing operating costs will include the make-up of 

scrubbing medium, and energy, particularly for acid gas desorption. 

 

Driving force for implementation 

The isolation of a significant proportion of the hydrogen sulphide in the cracked gases can 

permit the recovery of sulphur. 

 

Example plants 

 

Reference literature 

 
4.4.2.3.4 Isolate by-products (spent caustic) for sale 

 

Spent caustic can be useful for its sodium sulphide content or the recovery of cresols, suitable 

for sale. Sulphur can also be recovered by treating it with a strong acid to liberate H2S, which 

can then be recovered in a Claus unit (found in refineries). See generic techniques section 

2.4.9.1.2 and the CWW BREF. 
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4.4.2.3.5 Steam stripping of the spent caustic scrubbing liquor (for recovery of 
organics)  

 

Description 

Volatilisation of organics present in spent caustic scrubbing liquor with the aid of steam. The 

scrubbing liquor is heated in a column by the injection of steam at the base. Organics in the 

waste water are volatilised and collected from the column overhead by condensation. 

 

Technical description 

The stripping of spent caustic scrubbing liquors in order to vaporise and then collect organic 

substances within a certain volatility range. Spent scrubbing liquor is heated in a column, into 

the bottom of which steam is injected. Organics in the spent scrubbing liquor are volatilised and 

ultimately collected from the column overheads by condensation. The extent to which organic 

substances will be removed will depend upon the nature of the organics, and the temperature 

profile within the column, which will be influenced by a range of factors. 

 

Achieved environmental benefits 

The removal of the organic components, which could be inhibitory or toxic to a downstream 

effluent treatment plant, from the spent caustic scrubbing liquor.  

 

Environmental performance and operational data 

 

Cross-media effects 

The collected organics will need to be handled and possibly disposed of. Depending on the 

nature of the stripping operation, they may be obtained as a dilute aqueous solution, and a 

subsequent distillation step might be required to concentrate them.  

 

The stripping (and potential distillation) will demand steam, so it will affect the process energy 

consumption, although this will be influenced by the amount of spent caustic scrubbing liquor 

there is (i.e. the amount, if any, of amine scrubbing). 

 

Technical consideration relevant to applicability 

Need for available space for column, etc. Applicability to existing units may be limited by the 

availability of space. 

 

Economics 

Capital costs of columns, and ongoing operating cost of steam requirement. 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 
4.4.2.3.6 Chemical oxidation of the spent caustic scrubbing liquor  

 

Description 

The oxidation of various species in aqueous effluent using an oxidising agent such as hydrogen 

peroxide. See also generic techniques section 2.4.5.3 and the CWW BREF. 

 

Technical description 

An oxidant such as hydrogen peroxide (and a catalyst) is mixed with spent caustic scrubbing 

liquor. The resulting mixture is maintained at a moderate temperature in a stirred tank reactor 

before being cooled. 

 

Achieved environmental benefits 
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Sulphides will be converted to sulphates. This should remove the immediate problem of 

odorous emissions to air, but the presence of sulphates in the pretreated effluent means that the 

potential for the formation of sulphides still exists, and the likelihood of this will depend on the 

handling of the effluent, and the operation of the WWTP, which falls within the scope of the 

CWW BREF.  

 

COD may be significantly reduced, including the portion exerted by phenols and oils. This 

could also help reduce the possibility that the performance of any downstream waste water 

biological treatment plant will be adversely affected by receipt of this effluent. 

 

Environmental performance and operational data 

 

Cross-media effects 

The consumption of an oxidising agent. Some oxidising agents (e.g. hypochlorite) can result in 

the formation of problematic by-products. 

 

When the treated spent scrubbing liquor is neutralised any catalyst may precipitate, and this 

would have to be disposed of. Oxidising agents such as hydrogen peroxide can be hazardous. 

Their storage and use could therefore present a material risk of accident. 

 

Technical consideration relevant to applicability 

 

Economics 

Ongoing cost of the oxidising agent. 

 

Driving force for implementation 

Protection of the workforce by reducing the risk of exposure to hydrogen sulphide. 

Improvement of the operability and robust operation of any downstream biological effluent 

treatment plant. 

 

Example plants 

 

Reference literature 

 
4.4.2.3.7 Wet air oxidation of the spent caustic scrubbing liquor  

 

Description 

The oxidation of various species in aqueous effluent using air or another gas containing oxygen 

at high temperature and high pressure. See also generic techniques section 2.4.5.3 and the CWW 

BREF. 

 

Technical description 

Air (or another gas containing oxygen) is injected into a continuous flow of pressurised spent 

caustic scrubbing liquor. The resulting mixture is heated, and then maintained at the desired 

temperature and pressure for a fixed period of time whilst passing through a plug flow reactor.  

 

The temperature range employed is between 120 °C and 320 °C. The operating pressure 

depends on the operating temperature and air (or other gas) flow rate, and ranges from 760 kPa 

to 210 000 kPa. The spent scrubbing liquor’s residence time within the plug flow reactor is 

normally between 45 and 90 minutes, although longer times are required for low operating 

temperatures. 

 

Achieved environmental benefits 

Sulphides will be converted to thiosulphates, sulphites and/or sulphates. This may remove the 

immediate problem of odorous emissions to air, but the potential for the formation of sulphides 

still exists, and the likelihood of this will depend on the handling of the effluent, and the 

operation of the WWTP, which falls within the scope of the CWW BREF. The potential 
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conversion of sulphides to sulphites only may not necessarily avoid problems with the operation 

of any downstream biological effluent treatment plant.  

 

COD may be reduced, including the portion exerted by phenols and oils. This could also help 

reduce the possibility that the performance of any downstream waste water biological treatment 

plant will be adversely affected by receipt of this effluent.  

 

Environmental performance and operational data 

The operating regime of the wet air oxidation plant will have a significant bearing on 

performance. Increasing the operating temperature, retention time, or partial oxygen pressure 

will increase the proportion of sulphides converted to sulphates (and correspondingly reduce the 

proportion of sulphides converted to thiosulphates and sulphites), and will also increase the 

reduction in COD that is achieved. 

 

Cross-media effects 

There will be an energy demand for pumping, heating and pressurisation. However, the 

oxidation is exothermic and carried out under pressure, so a high degree of heat recovery should 

be possible, and the process could be autothermal in some circumstances. 

 

The depressurisation of the treated liquor could liberate some VOCs to air, which may need to 

be destroyed by incineration, which necessitates further energy (fuel) consumption. 

 

Technical consideration relevant to applicability 

Under higher temperature operation, bisulphate formation in the absence of sufficient residual 

caustic could result in acid corrosion. The plant’s materials of construction must be appropriate. 

 

Economics 

Low temperature (and therefore low pressure) plants do not need to be constructed to withstand 

such high pressures, so their capital costs may be lower. However, the need to supply greater 

airflows in order to maintain efficient mass transfer means that their operating costs can be 

much higher. 

 

Driving force for implementation 

Protection of the workforce by reducing the risk of exposure to hydrogen sulphide. 

Improvement of the operability and robust operation of any downstream biological effluent 

treatment plant. 

 

Example plants 

 

Reference literature 

 

4.4.2.4 Techniques to prevent mercury contamination 
 
4.4.2.4.1 Use mercury-free caustic 

 

Description 

The use of caustic produced in a chlor-alkali plant that employs either diaphragm or membrane 

cell technology. 

 

Technical description 

Almost all of the world's caustic is produced in chlor-alkali plants, of which there are three 

general types – mercury (amalgam) cell, membrane cell and diaphragm cell. The mercury cell 

produces a caustic that contains residual levels of mercury, although treatment options such as 

activated carbon filtration are available to limit the extent of this contamination. The production 

of caustic using the other cell types does not in itself introduce mercury into the caustic product 

from these cells. 

 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 4 

SH/TS/EIPPCB/LVOC Draft 1 April 2014 191 

Achieved environmental benefits 

Avoiding or reducing the amount of mercury cell caustic that is used will reduce the amount of 

mercury introduced into the tributary waste water stream via the spent acid gas scrubbing liquor. 

 

Environmental performance and operational data 

The mass emission of mercury from any process will not be affected exclusively by the origin of 

the caustic that is used, as the amount of caustic used will also have a significant bearing. 

 

Cross-media effects 

Caustic from chlor-alkali plants employing diaphragm cells contains significantly higher 

chlorate levels than the caustic produced by chlor-alkali plants using the other technologies. 

 

Technical consideration relevant to applicability 

Caustic produced by diaphragm cells contain residual salts that could cause corrosion and other 

problems. 

 

Economics 

 

Driving force for implementation 

Because of ongoing attempts to reduce the number of chlor-alkali plants employing mercury 

cell technology, the supply of caustic from these cells is likely to reduce over time. According to 

the latest BAT conclusions on the production of Chlor Alkali, it was confirmed that it is not 

BAT to use mercury cells for the production of caustic in chlor-alkali plants. 

 

Example plants 

 

Reference literature 

 
4.4.2.4.2 Maximise the use of amine scrubbing for the removal of acid gases 

 

In case that mercury-free caustic material is not provided, an alternative could be the use of 

amine treatment. Maximizing the scrubbing of the cracked gases with a regenerative (amine) 

solvent to remove acid gases, mainly H2S, to reduce the load on the downstream caustic 

scrubber and may minimize the potential effect of mercury contamination. But amine treatment 

rather being dependent on the presence of a nearby refinery that has a sulphur recovery unit, 

may impede the applicability. Amine scrubbing details are described in Section 2.4.4.2 on 

generic techniques and the REF BREF. 

 

4.4.3 Techniques to reduce raw material consumption 
 

4.4.3.1 Reduce flaring 
 

Using start-up and shutdown procedures that reduce the need for flaring of raw materials, e.g. 

by reducing the flow rate to the cracked gas compressor and recycling the off spec streams 

during start-up and shut down and by using flow measurements and analysis of the flare header 

during normal operating conditions. Use of general strategy in operation of the plant to 

minimise hydrocarbon flaring. 

 

See the Generic techniques section on other than normal operating conditions and the CWW 

BREF for details. 

 
4.4.3.1.1 Optimisation of sulphur addition to reduce consumption of sulphur 

doping chemicals  

 

Description 

To prevent coking in cracker tubes with a higher nickel content, sulphur is added to the 

feedstock; the amount of sulphur should be optimised with the S content of the feedstock.  
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Technical description 

The sulphur doping chemical generally used is dimethyl disulphide (DMDS) and the dosage 

should be adjusted in order to complement the sulphur content of the feedstock. Changing 

conditions and varying levels of feed may require the monitoring of the S content.  

 

Achieved environmental benefits 

Use of less sulphur.  

 

Environmental performance and operational data 

Reported S levels in feedstock are in the ~50-85 ppm range. 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 
4.4.3.1.2 Techniques to reduce acid gas scrubbing media consumption 

 

Sulphidic species are removed from the cracked gases by means of regenerative amine 

scrubbing and/or caustic scrubbing. The caustic consumption rate depends on various factors 

like feedstock type, sulphur doping need, and prior treatment like amine scrubbing where amine 

solvent can be regenerated. Spent caustic is treated before sending the streams to the final waste 

water treatment system. Caustic scrubbing achieves better scrubbing results. 

 
4.4.3.1.3 Use of regenerative amine solvent 

 

See Section 4.4.2.3.2 and 4.4.2.3.3 techniques to reduce emissions to water. 

 
4.4.3.1.4 Regeneration of amine solvent  

 

Amine scrubbing is carried out to clean the cracked gases and a regenerative amine solution is 

employed. A number of operators use this operation, especially when an amine treatment plant 

is already located on the common refinery site. Amine solution from the scrubbing can be 

regenerated through a thermal regeneration but some amine make-up is still required.  

 

See the REF BREF for details. 

 
4.4.3.1.5 Techniques to reduce hydrogenation catalyst consumption 

 

Hydrogenation catalyst may contain toxic and also valuable substances, like palladium, nickel 

and alumina, and can be regenerated by thermal oxidation in the presence of steam and air and 

can be activated with hydrogen. This can be done on or off site. However, since regeneration 

will require extra energy consumption and cause an increase in emissions, minimisation of 

catalyst consumption would help reduce the impact on the environment. This is done by 

managing the operating conditions for a highly selective hydrogenation and assuring the feed 

quality. Catalyst life will be prolonged by keeping reactors running at moderate conditions.  

 

See the Generic techniques Section 2.4.6.3 and 2.4.9.1.4 and the CWW BREF for catalyst 

management. 
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4.4.4 Techniques to reduce energy consumption 
 

4.4.4.1 Heat integration 
 

Description 

A group of techniques to maximise the use of excess heat from a process or processes in other 

parts of the process or processes where heat input is required. It reducing the wastage of energy 

by maximising its recovery for beneficial use, either within or outside the steam cracking 

process. 

 

Technical description 

Heat or energy integration does not necessarily address the reduction of energy consumption by 

the individual component activities, as it is primarily concerned with minimising the amount of 

energy that is wasted by the process as a whole. It can therefore help reduce the overall energy 

consumption of the process.  

 

Within a steam cracker, heat (energy) integration can be achieved in a number of ways: 

 

 generating and/or superheating steam in the convection zone of the cracker furnace and/or 

during the indirect cooling of the cracked gases; 

 preheating the cracker furnace combustion air in the convection zone of the furnace and/or 

by heat interchange with the combustion gases prior to their emission to air; 

 preheating of the feedstock; 

 recycling hot condensate and/or hot direct cooling (quench) water for steam generation; 

 upgrading waste steam, e.g. using vapour recompression to a state that would make it 

suitable for beneficial reuse; 

 combusting by-product streams that would otherwise be disposed of. 

 Integration of a steam turbine. (Use of the waste heat of a gas turbine if present on the site)  

 There are often complex interactions in the compression/refrigeration/fractionation elements 

of the chemical production processes and this should be taken into account to achieve 

efficient heat integration. 

 

Heat integration can involve activities other than those directly associated with steam cracking. 

 

Achieved environmental benefits 

It can increase the efficiency of energy use by the process, although this may not be the case 

when the benefits are derived by other processes. Furthermore, it does not necessarily minimise 

energy consumption, as it is primarily designed to minimise energy wastage. 

 

Environmental performance and operational data 

 

Cross-media effects 

The preheating of combustion air can increase the potential for NOX formation. 

 

Technical consideration relevant to applicability 

 

Economics 

Energy is one of the major costs associated with steam cracking, so there is an economic 

imperative to minimise energy wastage in overall terms. 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 
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4.4.4.2 Burner location 
 

Description 

Locating burners at positions within the cracker furnace that maximise heat transfer. 

 

Technical description 

Maximise the number of burners that are located on the furnace floor. 

 

Achieved environmental benefits 

Floor-mounted burners tend to give better rates of radiant heat transfer. This technique could 

therefore increase the efficiency of energy use. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

It may not be feasible to retrofit a different burner arrangement to an existing furnace, and it 

may therefore be feasible only where a furnace replacement is being undertaken. 

 

Economics 

Retrofitting a different burner arrangement to an existing furnace would be costly (if feasible). 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 

4.4.4.3 Fractionation column design 
 

Description 

Front-end de-ethaniser or depropaniser. 

 

Technical description 

Incorporating either a front-end de-ethaniser or a front-end depropaniser in place of a front-end 

demethaniser, or incorporating a front-end depropaniser in place of a front-end de-ethaniser. 

 

Achieved environmental benefits 

The energy demand of the fractionation section is greatly influenced by the initial temperature 

required at the start of the fractionation process, where the entire cracked gas flow is present. 

The use of a front-end de-ethaniser or depropaniser can accommodate a higher starting 

temperature, and therefore can result in lower energy consumption. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

The use of a front-end de-ethaniser. 

 

Economics 

As significant re-engineering would be required to implement this technique at an existing 

cracker, it is likely to be relevant primarily for recent or new plants. 

 

Driving force for implementation 

Hydrogenation strategy? 
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Example plants 

 

Reference literature 

Ullmann Ethylene 

 

4.4.4.4 Efficient fractionation columns 
 

Description 

Provision of fractionation columns with a highly inherent separation efficiency. 

 

Technical description 

The separation efficiency of a fractionation column can be increased by a range of factors, 

including: 

 

• column height,  

• packing type/plate design. 

 

Achieved environmental benefits 

As a column with a greater separation ability requires a lower reflux ratio, this technique can 

reduce energy consumption. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Column height will be limited by physical engineering considerations, including available 

foundations. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 

4.4.5 Techniques to reduce water consumption 
 

[Request to TWG: These are generic techniques applied throughout the sector and could be 

merged under the multiple use generic section. Your views are requested.]  

 

4.4.5.1 Multiple use and recirculation operations  
 

The consumption of water can be reduced by recycling the water that is separated from the 

processes; the technique is described in details in CWW BREF. Specifics of its application to 

various streams in lower olefins production are mentioned below in the following sections.  

 
4.4.5.1.1 Reuse of condensates 

 

The primary way of minimising water consumption in the generation of steam is to reuse 

condensates. In the specific context of the steam cracker, most of the dilution steam is 

condensed prior to compression (during either a direct contact water quenching step, or indirect 

cooling). The excess quench water or, as the case may be, the condensed dilution steam 

normally makes up a significant proportion of the recycled condensate. However, as this will be 

contaminated with hydrocarbons, it will need to be cleaned up by stripping, which will 

necessitate the consumption of energy. 
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However, the condensate that could be used may not be restricted to purely that from the steam 

cracking operations, as there may be other activities on site that generate condensate that could 

be used. 

 
4.4.5.1.2 Recycling of water quench or dilution steam circuit  

 

Water consumption for direct contact water quenching to lower the temperature of the cracked 

gases is typically reduced by recycling the water after appropriate treatment. The quality of 

the recycled water might deteriorate over time, so measures that can restore the quality of the 

effluent would reduce consumption. 

 
4.4.5.1.3 Recycling of caustic and water in acid gas removal 

 

Caustic used for acid gas removal is not regenerated and the spent caustic solution will be 

subject to final treatment. To reduce the amount of water consumed together with the caustic, 

caustic and water are recycled to minimise the overall consumption. A number of operators 

employ a circuit for recycling of caustic and water or caustic carry-over control. 

 

4.4.6 Techniques to reduce waste generation 
 

4.4.6.1 Hydrocarbon by-products 
 
4.4.6.1.1 Pyrolysis oils and pyrolysis gasoline 

 

Pyrolysis oils and pyrolysis gasoline are handled according to the site conditions. These are 

either used or sold as fuel on or off site. Alternatively, in the presence of a nearby refinery or 

aromatics unit, pyrolysis gasoline is sent to the aromatics unit for conversion into various 

products, the ratios depending on the fraction distribution. Pyrolysis oil is either used as fuel or 

sent to the refinery for viscosity adjustment or as feed for the FCC unit. 

 
Table 4.15: How pyrolysis oils and pyrolysis gasoline are handled 
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Recovered for use on 

site (aromatics unit, 

refinery or power plant 

on the same site) 

Disposed of 

on site 

Disposed 

of off site 

Storage 

on site 

Number of 

the plants that 

apply 

17 31 21 4 2 32 

Number of 

the plants that 

do not apply  

14 4 7 23 25 - 

 
4.4.6.1.2 Alkynes and dialkenes 

 

These are hydrogenated by the majority of the plants (only two plants report not doing this). 

Nine plants report recycling back to process and 18 plants report that they do not. Another 

option carried out by the operators is selling it to other installations. 

 
4.4.6.1.3 Alkanes (ethane, propane and butane) 

 

These, mostly ethane and propane, in vast majority are recycled back to the process. There is 

also an option to convert some of these fractions to other end-products such as butane to 

butadiene. In some cases, propane is also sent to other plants for LPG production. 13 operators 

reported having storage facilities for these. All operators reported that no flaring of these by-

products is done. 
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4.4.6.2 Techniques applied for hydrocarbon by-products 
 
4.4.6.2.1 Recovery of feedstocks and/or by-products from heavy fractions by 

distillation, cracking, etc. 

 

In order to reduce the waste generated from the heavy fractions of the processed hydrocarbons, 

the first choice would be to optimize the process conditions to maximize the product yield, 

which is already discussed in the related sections. There are other options like 

recovering/reusing the substances to the possible extent in the process directly, or indirectly 

(e.g. as a fuel) on site or off-site depending on the conditions and characteristics of the site. 

Chemical installations generally being interrelated or on large sites, sometimes with a refinery 

nearby, there may be more options for making most out of these by-products. Handling of the 

by-products hence varies among the plants depending on the site configuration and operator 

preferences (and design conditions). In the following sections handling of the by-products is 

elaborated and the results of the data collection are laid down. For more information see the 

generic techniques Section 2.4.9. 

 
4.4.6.2.2 Isolate by-products for sale 

 

This technique consists of isolation/purification of the by-products to meet certain specifications 

in order to sell them. The plants reported selling some portion of their by-products such as 

pyrolysis oils and pyrolysis gasoline, propane, alkynes and dialkenes. There may be 

requirements for further processing such as application of isolation/purification techniques (e.g. 

distillation) to a by-product stream in order to meet the sales specifications. For more 

information see the generic techniques Section 2.4.9. 

 
4.4.6.2.3 Recovery of energy (use as fuel) 

 

A number of process streams will contain by-products and residues that have a higher value as a 

fuel substitute rather than isolating and purifying these for sale or reuse. The extent of the use 

and the share of the fuel recovered from the hydrocarbon feedstock depend on several factors 

including the thermal input and pretreatment requirements, process conditions, plant 

configuration, etc.  This generally applies to pyrolysis oils and pyrolysis gasoline. In case of 

naphtha cracking, which is the most common olefin process in Europe, the fuel grade by-

products consist of 20-25 % of the total energy content of naphtha (lower heat value of naphtha 

is 44 GJ/t). [ Tao Ren 2004]  

 

4.4.6.3 Spent hydrogenation catalyst 
 

Regeneration of catalyst is done on site by most of the plants, using various techniques like 

thermal oxidation, steam and air purging, and treating with hydrogen. 15 plants reported 

treatment of catalyst, 8 of them off-site.  27 plants reported recovery of spent catalyst but all 

carried out off-site by third parties. There is only one plant reported disposing of spent catalyst 

on site, while 14 plants have it done off site. Interim storage is reported by 8 plants (Source: 

questionnaires from data collection). The used catalyst is normally returned to its supplier for 

recovery of the metal component. 

 

Process integrated techniques for the minimization of spent catalyst generation are those generic 

techniques that are described in Section 2.4.6. Below listed are techniques applied to minimise 

the impact on the environment of spent hydrogenation catalyst. 

 
4.4.6.3.1 Catalyst regeneration off site 

 

Catalyst regeneration processes can generate emissions to air or water. Performing these 

operations in the appropriate units of specialist subcontractors can result in a lower 

environmental impact. For information on the technique, see the generic techniques Section 

2.4.9 and the CWW BREF. 
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4.4.6.3.2 Recovery of metals from spent catalyst 

 

A technique that will be normally carried out by a specialist contractor. For information on the 

technique, see the generic techniques Section 2.4.9 and the CWW BREF. 

 

4.4.6.4 Techniques to reduce impacts from spent caustic generation 
 
4.4.6.4.1 Maximise the use of amine scrubbing for the removal of acid gases 

 

The scrubbing of the cracked gases with a regenerative (amine) solvent to remove acid gases, 

mainly H2S, to reduce the load on the downstream caustic scrubber. Caustic consumption and 

spent caustic generation thus ought to be minimized.  

 
4.4.6.4.2 Recovery of sulphur from amine scrubbing liquor 

 

Sulphur-rich streams can be sent to a sulphur recovery plant if the cracker is located in close 

proximity to a refinery and it was justified by the amount.  As it would avoid the need for 

incineration, it would also have the effect of reducing emissions of sulphur dioxide, and 

allowing the recovery of sulphur. This stage of the sulphur recovery process could be on the 

same site or an adjacent site and is normally located within refineries; so it is not described here.  

Most refineries have a sulphur recovery unit, where elemental sulphur is recovered from the 

amine liquid.  The amine liquid is regenerated for reuse in the amine treatment. See (the Section 

2.4.4.2 on generic techniques and) REF BREF Section 4.23. 

 
4.4.6.4.3 Collection of the spent caustic scrubber liquor for reuse or recovery 

 

Spent caustic can be useful for its sodium sulphide content or the recovery of cresols. Sulphur 

can also be recovered by treating it with a strong acid to liberate H2S, which can then be 

recovered in a Claus unit (found in refineries) 

 

4.4.6.5 Regeneration of amine solvent 
 

See the REF BREF. 

 

4.4.6.6 Decoking sludge, etc. 
 

Sludges generated are either incinerated or treated on or off the lower olefin site. Techniques 

available for management of the decoking sludge (and other similar waste): 

 

 Prevention and re-use/recycling of waste (Analyse prior to determine disposal route). 

(See the generic techniques section 2.4.9.) 

 Incineration chambers (See the generic techniques section 2.4.9 or the CWW BREF) 

 Disposal to a chemical waste landfill. (See BREF on the treatment of waste.) 

 
Table 4.16: How the decoking sludge handled 

Responses Incinerated 

Treated  

(on/off 

site) 

Disposed 

of on site  

Disposed 

of off site  

Interim 

storage 

Number of the 

plants that 

apply 

9 

9 

(1 on site, 

7 off-site) 

1 22 10 

Number of the 

plants that do 

not apply  

17 16 24 8 15 

Source: Questionnaires from data collection 
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4.4.7 Techniques to reduce emissions at other than normal operating 
conditions 

 

4.4.7.1 Techniques to reduce decoking operations 
 

See the section 2.4.12 on generic techniques and the section on techniques to reduce emissions 

to air from decoking.  

 

4.4.7.2 Techniques to reduce emissions during hydrogenation catalyst 
regeneration 

 

 Catalyst regeneration off-site 

 Channel vent gas to the  treatment system 

 

See the generic techniques Section 2.4.6.3 and Aromatics chapter 8. 
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4.5 Emerging techniques 
 

[Note to TWG: the EIPPCB has developed some contents for the emerging techniques sections 

of the BREF. Neither the data collection questionnaires nor TWG members' spontaneous 

comments have provided sufficient information for the current BREF review on this topic. 

Therefore, TWG members are invited to complete the information collected by the EIPPCB: 

 The contents are presented in a tabular format in accordance with the BREF guidelines 

((2012/119/EU) 

 In some cases the technique has been identified as emerging but there is a lack of 

information to complete the fields to describe it] 

 

4.5.1 Olefin metathesis 
 

Description 

An alternative route to propene is by applying the metathesis reaction for the conversion of a 

mixture of ethene and 2-butene into propene. 

 

Commercially developed 

The Phillips triolefin process, which utilises a heterogeneous catalyst system, was originally 

developed by Phillips Petroleum Co., US, and operated from 1966 to 1972 for the conversion of 

propene into ethene and butene, due to the lower propene demand at that time.  

The Phillips process in the reverse direction is now offered by ABB Lummus Global, Houston 

(US)  for license as olefins conversion technology (OCT) for the production of propene. 

 

Level of environmental protection 

 

Cost savings compared to existing BAT 

The conversion of butene is above 60 % per pass. 

The selectivity for propene is > 90%. 

 

Chance of becoming BAT in the future 

 

When it might become commercially available 

A semi-works unit using the OCT (olefins conversion technology) process is used at Sinopec’s 

olefin plant in Tianjin (China), for the metathesis of butene to produce 3-hexene, which is then 

isomerised into 1-hexene (co-monomer used in the production of polyethene). 

 

References 

Technology for the production of olefins; 23.2.2010 

 

4.5.2 SHOP Shell Higher Olefins Process 
 

Description 

SHOP gives a mixture of linear even-numbered alpha olefins ranging from C4 to C40. 

 Product and catalyst phases are readily separated. 

 The olefins formed are immiscible with the solvent; so that the Ni catalyst can be 

recycled repeatedly. 

 The C6–C18 1-alkenes are separated from the product mixture by distillation and are 

used in other processes. 

 The remaining lighter (<C6) and heavier (>C18) alkenes go to purification beds.  

 

A large-scale industrial process incorporating olefin metathesis is the Shell higher olefins 

process (SHOP) for producing linear higher olefins from ethene. The process takes place in 

three stages: 
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First step (oligomerisation): Ethene is oligomerised in the presence of a homogeneous nickel–

phosphine catalyst at 90–100 ºC and 100–110 bar in a polar solvent (1,4-butanediol). 

 

Second step (olefin isomerisation): These lighter (<C6) and heavier (>C18) alkenes undergo 

double bond isomerisation over a solid potassium metal catalyst to give an equilibrium mixture 

of internal alkenes. 

 

Third step (metathesis): This mixture is passed over an alumina-supported molybdate metathesis 

catalyst, resulting in a statistical distribution of linear internal alkenes with both odd and even 

numbers of carbon atoms via cross-metathesis reactions. 

 

Commercially developed 

Yes, Shell Chemicals' total worldwide SHOP production capacity is 1 190 000 t of linear alpha 

and internal olefins per year; these are sold under the trade name Neodene. 

 

Level of environmental protection 

 

Cost savings compared to existing BAT 

 

Chance of becoming BAT in the future 

 

When it might become commercially available 

Already available: A large-scale industrial process incorporating olefin metathesis is the Shell 

higher olefins process (SHOP) for producing linear higher olefins from ethene. The process 

takes place in three stages 

 

References 

Technology for the production of olefins; 23.2.2010 

 

4.5.3 Fischer-Tropsch process 
 

Description 

Synthesis gas (syngas = carbon monoxide and hydrogen) is converted into liquid hydrocarbons 

of various forms. The most common catalysts are based on Fe and Co (Ni and Ru have also 

been used). The process involves a variety of competing chemical reactions. 

 

(2n+1)H2 + nCO -> CnH(2n+2) + nH2O 

 

Most of the alkanes produced tend to be straight-chained, although some branched alkanes are 

also formed. In addition to alkane formation, competing reactions result in the formation of 

alkenes, as well as alcohols and other oxygenated hydrocarbons.  Usually, only relatively small 

quantities of these non-alkane products are formed, although catalysts favouring some of these 

products have been developed. 

 

Commercially developed 

 

Level of environmental protection 

 

Cost savings compared to existing BAT 

The process produces as much as 7 tonnes of CO2 per tonne of liquid hydrocarbon products 

(excluding the reaction water product). This is due in part to the high energy demands required 

by the gasification process, and in part by the design of the process as implemented. 

 Process conditions 150-300 ºC. 

 Higher temperatures lead to faster reactions and higher conversion rates, but also tend to 

favour methane production. 
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 Increasing the pressure leads to higher conversion rates and also favours formation of 

long-chained alkanes, both of which are desirable. 

 Typical pressures are in the range of one to several tens of atmospheres. 

 Chemically, even higher pressures would be favourable, but the benefits may not justify 

the additional costs of high pressure equipment. 

 

Chance of becoming BAT in the future 

 

When it might become commercially available 

 

References 

Technology for the production of olefins; 23.2.2010 

 

4.5.4 Oxidative coupling of methane 
 

Description 

Production from methane and oxygen - Methane is separated from natural gas and is purified - 

Oxygen is separated from air cryogenically. 

 

4 CH4 + O2 -> <catalyst> → 4 •CH3 + 2 H2O 

 

This reaction is called partial oxidation of methane. 

 

2 •CH3 -> H3C-CH3 -> H2C=CH2 + H2 

 

The catalysts used are mostly oxides of alkali, alkaline earth and other rare earth metals. 

Hydrogen and steam are sometimes added to reduce coking on catalysts.  After one pass, 

roughly 80 % of the total oxygen feed by mass is consumed.  The per pass ethylene yield, on a 

mass basis, of methane is about 30 %. 

 

Commercially developed 

 

Level of environmental protection 

 

Cost savings compared to existing BAT 

 

Chance of becoming BAT in the future 

Low due to: 

 

i) Low yields 

 There is a trade-off between methane conversion and selectivity to ethylene. 

 Under 600 ºC, the rate of reaction is slow, but above 600 ºC undesired oxidations 

dominate the reactions. 

 

ii) Separation 

 Relatively high energy use in separation and recycling. 

 

iii) Catalysts 

 Additional oxygen and hydrogen are required for reducing coking on catalysts. 

 High temperatures of 750–1000 ºC require catalysts with high thermal stability. 

 

iv) Other issues 

 Possible explosion due to the mixture of oxygen and hydrocarbons. 

 CO and CO2 emissions, aromatic hydrocarbons, acid gas and organic acid] 

 

When it might become commercially available 
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References 

Technology for the production of olefins; 23.2.2010 

 

4.5.5 Dehydrogenation of ethane or propane  
 

Description 

Requires high-purity, approximately 90 %, oxygen. 

 Ethane oxidative dehydrogenation 

 Propane oxidative dehydrogenation. 

 

H3C-CH2C3H + ½ O2 -> H3C-CH2=C2H + H2O 

 

Commercially developed 

 

Level of environmental protection 

If the CO2 emissions from oxygen usage are included, the total CO2 emissions are 15 % higher 

than for ethane cracking. 

 

H3C-C3H + ½ O2 -> H2C=C2H + H2O 

 

Cost savings compared to existing BAT 

Results in approximately 35 % potential saving (including primary energy use in oxygen 

production) on the SEC of state-of-the-art ethane cracking. This process produces little ethylene. 

 

Chance of becoming BAT in the future 

 

When it might become commercially available 

 

References 

Technology for the production of olefins; 23.2.2010 
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5 ETHANOLAMINES 
 

 

5.1 General information 
 

[Request to TWG: please check the production capacity information and the detailed list of 

production sites set out in Table 5.1 and provide updates and corrections where appropriate.] 

 

Ethanolamines (EAs) is a collective term that refers to monoethanolamine (MEA; 2-

aminoethanol), diethanolamine (DEA; 2,2'-iminodiethanol) and triethanolamine (TEA; 2,2',2"-

nitrilotriethanol). Under some circumstances, poly-ethanolamines (PEAs) may also be produced 

as a distinct heavy product fraction during the manufacture of the other ethanolamines. [ 62, 

Frauenkron et al. 2012 ]  

 

Ethanolamines have a wide range of potential uses. 

 

 MEA is used primarily in the manufacture of ethylene amines, but it can also be used to 

make wood preservatives, detergents and metalworking fluids. It is also used as a gas 

purification medium.  

 

 DEA is used mainly in surfactant applications, for the production of optical brighteners 

and agrochemicals, and for gas sweetening.  

 

 The production of fabric softeners is the most important use of TEA, although it is also 

used in cosmetic applications, lubricants and as a cement additive.  

 

 PEAs are produced in small volumes and can be used in the cement industry. (Ullmann 

11329; CEFIC 11330; Sulzer 11331) 

 

MEA, DEA and TEA are produced by the continuous reaction of ethylene oxide with ammonia. 

The ammonia should be present in significant excess to promote the complete reaction of the 

ethylene oxide. The degree of ammonia excess affects the relative proportions of the individual 

ethanolamines that are produced. There are two process routes: an aqueous route and an 

anhydrous route. 

 

In 2011, the production capacity of ethanolamines in Europe was 415 000 tonnes, which was 

XX % of global capacity. This included ## million tonnes of MEA, ## million tonnes of DEA 

and ## million tonnes of TEA. Global production capacity in 20YY was ## million tonnes. 

European production of ethanolamines is summarised in Table 5.1 below. 

 
Table 5.1: European producers of ethanolamines  

Country City Operator Process Capacity(kt/yr) 

Belgium Antwerp BASF 

BASF 

Aqueous 

Aqueous 
230 

Germany Ludwigshafen 

France Lavera INEOS Aqueous 53 

Germany Marl Sasol Aqueous 27 

Sweden Stenungsund AkzoNobel Anhydrous 105 
Source:(CEFIC 11330) 

 

As can be seen from the table above, in 2013, there were four plants producing ethanolamines 

using the aqueous route and only one plant using the anhydrous route.  

 

Producers of ethanolamines in the European Union (EU) are listed in the Table 5.1. Besides 

these companies, DOW (320 kt/yr), Huntsman (198 kt/yr) and INEOS (164 kt/yr), with 

production sites located in the USA, are the other big producers of ethanolamines. There are 

also some ethanolamine producers (with more regional importance) in the Middle East and 

file://net1.cec.eu.int/JRC-Services/SVQ-Users/nowferi/Desktop/LVOC%20final%20stage/bref.doc%23REFERENCE_BOOKMARK_11329
file://net1.cec.eu.int/JRC-Services/SVQ-Users/nowferi/Desktop/LVOC%20final%20stage/bref.doc%23REFERENCE_BOOKMARK_11329
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Asia, for example Arak Petrochemicals (Iran), Optimal (Malaysia), Nippon Shokubai (Japan), 

OUCC (Taiwan), Jiangsu Yinyan Chemical (China) and Fushun Beifang Chemical (China). All 

these companies have smaller design capacities than the market leaders like DOW and BASF; 

however, the market for ethanolamines is growing mainly in Asia. (CEFIC 11330) 

 

Key Environmental Issues 

 

The key environmental issues for the production of ethanolamines are: 

 

 emissions to air of ammonia;  

 emissions to air and water of organic substances like ethylene oxides, ethanolamines, 

and ethylene glycol; 

 diffuse and fugitive emissions of volatile organic compounds; 

 accidental releases due to a possible failure of cooling systems and a runaway reaction.  

 

Note: ethylene oxide is extremely flammable and its mixtures with air are explosive. When 

heated, it may rapidly expand causing fire and explosion. It is a named dangerous substance in 

the Seveso Directive (2012/18/EU) with a lower tier threshold of 5 tonnes and an upper tier 

threshold of 50 tonnes. Ethylene oxide can burn in inert atmospheres and in water solutions due 

to the bound oxygen present.  
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5.2 Applied processes and techniques 
 

5.2.1 Process options 
 

Ethanolamines are produced by the continuous reaction of ethylene oxide with ammonia. This 

reaction produces MEA, DEA and TEA concurrently. 

 

The ammonia should normally always be present in significant excess, primarily in order to 

promote the complete reaction of the ethylene oxide, which could present a safety risk if it were 

not fully reacted. 

 

The amount of ammonia excess affects the relative proportions of the individual ethanolamines 

that are produced - a greater excess of ammonia favours MEA, whereas a lower excess favours 

DEA and TEA. However, the relative proportions of DEA and TEA can be increased by 

recycling MEA and/or DEA, or by reacting MEA and/or DEA with ethylene oxide in a separate 

reactor.  

 

5.2.2 Reaction of ethylene oxide with ammonia 
 

The reaction is conducted either in the presence of water (which acts as an accelerator) or using 

a fixed bed catalyst. These routes are referred to as the aqueous and anhydrous processes 

respectively. In the case of the anhydrous process, a catalyst that selectively favours the 

production of one or more particular ethanolamines can be used. 

 

5.2.3 Aqueous process 
 

The main process steps in the aqueous route are summarised in Figure 5.1 below. 

 

 

Figure 5.1: Flow chart showing process steps in production of ethanolamines by the aqueous 

route 

 

The aqueous route involves the following sequence of process steps. 

 

 Reaction of ethylene oxide with excess ammonia at a temperature of up to 150 °C and a 

pressure typically above 20 bar. Given the exothermic nature of the reaction, multiple 

reactors in series with intermediate cooling and multiple ethylene oxide additions may 

be used.  

 Stripping of unreacted ammonia from the reaction mixture. 

 Removal of water and residual ammonia from the reaction mixture. 
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 Fractionation of the individual ethanolamines by distillation under vacuum, either in a 

sequence of separate columns, or in a single column featuring multiple product streams 

that results in separate MEA, DEA, and TEA fractions. 

 Optionally, recycling of MEA and/or DEA to the earlier reaction step, or routing of 

MEA and/or TEA to a separate reactor after the addition of ethylene oxide 

 

The aqueous process can be summarised as in Figure 5.1 (the numbers in brackets indicate the 

sections of this document that deal with each potentially significant input and output stream). 

 

5.2.4 Anhydrous Process 
  

The main process steps in the anhydrous route are summarised in Figure 5.2 below. 

 

 

Figure 5.2: Flow chart showing process steps in production of ethanolamines by the anhydrous 

route 

 

The anhydrous route involves the following sequence of process steps. 

 

 Reaction of ethylene oxide with excess anhydrous ammonia at a temperature of up to 

150 °C and a pressure of up to 160 bar in the presence of a catalyst. The high 

temperature is designed to ensure the complete reaction of ethylene oxide, and the high 

pressure is required in order to maintain the ammonia in the liquid state during the 

reaction.  

 Stripping of unreacted ammonia from the reaction mixture, initially under pressure with 

the direct recycle of the recovered ammonia, and then under vacuum with the 

subsequent recompression and recycle of the recovered ammonia. 

 Fractionation of the individual ethanolamines by distillation under vacuum, either in a 

sequence of separate columns, or in a single column featuring multiple product streams. 

MEA and DEA are normally obtained as essentially pure products, whereas TEA is 

normally obtained as a DEA/TEA mixture due to the separation challenge that would be 

involved in attempting its isolation. 

 Optionally, recycling of MEA and/or DEA to the earlier reaction step, or routing of 

MEA and/or TEA to a separate reactor after the addition of ethylene oxide.  

 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 5 

SH/TS/EIPPCB/LVOC Draft 1 April 2014 209 

5.2.5 Other than normal operating conditions 
 

5.2.5.1 Specific other than normal operating conditions 
 

The following operations deviate from the stable and normal operating procedures. 

 

Storage:  

 Malfunction of pressure control: A problem with a normally pressurised storage tank's 

pressure control system (e.g. the malfunction of a nitrogen supply valve, or a terminal 

PSV) could result in emissions. This could be a particular issue where pressurised 

nitrogen filling operations are practised. 

 Malfunction of cooling systems: A problem with the supply of an external chilled 

cooling service (due to a stuck valve, pump failure, control loop issue, etc.), or any 

internal ammonia cooling circuit, could lead to ʻboilingʼ and therefore an over-

pressurisation that might result in an emission to air. 

 Contamination: The presence of a substance that would catalyse the polymerisation of 

ethylene oxide could result in a runaway reaction that would probably require the 

operation of emergency relief systems, resulting in a release to the environment. 

 Malfunction of abatement: A problem with any scrubber or oxidiser whose duty is to 

abate emissions from storage (possibly primary during tank filling operations) could 

result in increased emissions. 

 Malfunction of heating systems: The ethanolamine storage tanks may be heated, and 

therefore a problem with the steam and/or hot water service could result in overheating, 

which might be enough to cause material emissions. One way of minimising the 

potential issues is to limit the maximum temperature of the heating medium. 

 

Reactors:  

 Reaction: A problem with the reaction (e.g. low temperature or water level) may result 

in some unreacted ethylene oxide, which would leave the reactor with the process gases. 

In view of the potential safety issues that might arise from the recirculation of ethylene 

oxide, it is anticipated that a high level of monitoring and intervention measures will 

have been incorporated into both the plant's design and its control strategy, particularly 

given likely additional regulation under the Seveso Directive. A control system is also 

needed to avoid backflow of ethylene oxide to ammonia stream. 

 Heat removal: The reaction is exothermic and this heat is normally removed by 

vaporising water to produce steam (or by heating oil). If the supply of water (or oil) 

were to be interrupted or reduced to a problematic level, this could result in the 

overheating of the reactor, which could in turn result in the runaway decomposition of 

ethylene oxide, and therefore a need for the pressure relief system to operate. It is 

reported that plants employ a control system that would detect such a temperature rise 

and take appropriate action to trip the plant into a safe state, particularly given 

requirements that may be needed under the Seveso Directive.  

 Malfunction in ammonia scrubbing: A partial or total failure of the ammonia scrubbing 

systems could result in significantly elevated ammonia emissions to air. The techniques 

that can be employed to prevent/minimise a problem in this respect would involve a 

control system that monitored key parameters, and which incorporated appropriate 

responses in order to shut the process down. Three incidents of this type have been 

reported in the last five years. 

 Operating rate: Absorber performance is highly dependent upon flow rate, so a 

significant change in plant throughput could detrimentally affect a scrubber's 

performance. The primary way of avoiding such an occurrence would be for the plant 

operator to use a robust management of change procedure. 

 Runaway reaction: A polymerisation incident involving ethylene oxide during the 

reaction, due to its build-up resulting from incomplete reaction, could result in a plant 

over-pressurisation, and consequent emission of ammonia (which is normally present in 

excess) through emergency pressure relief systems. It is anticipated that the plant would 
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include appropriate detection and intervention measures to address this issue under the 

Seveso Directive. 

 Catalyst performance fall in anhydrous process: A problem with the catalyst might 

result in unreacted ethylene oxide passing forward to the ammonia recovery section, 

which would mean that ethylene oxide would be present in the recycled ammonia, and 

therefore the purge stream – see below for more details.  

 

Fractionation: 

 Failure to properly recover ammonia: If the recovery of ammonia in both processes, but 

in particular the anhydrous one, is not conducted properly, some ammonia could pass 

forward into the fractionation column(s), and this would be evacuated to air via the 

vacuum system's vent. However, this would probably result in difficulties in achieving 

the desired vacuum in the fractionation columns, and the plant's control system would 

therefore be expected to detect this and intervene to shut down the process. 

 

Conditions with potential large emissions to water: 

 Reaction conditions: If there is a problem with the reaction (i.e. temperature, water 

level) there may be some (more) ethylene oxide present in the process gases, and this 

may result in the formation of (more) ethylene glycols, which might necessitate an 

increased purge rate, and would increase the organic loading.  

 Stripping conditions: The conditions under which the stripping takes place could 

stimulate the formation of higher ethylene glycol levels. 

 

Conditions with potential larger impact on material consumption: 

 Over-pressurisation: Such an incident will result in the loss of ethylene oxide. 

 Reaction conditions: A lack of water or inactive catalyst could interfere with the 

reaction, thereby adversely affecting the ethylene oxide-specific consumption rate. 

However, due to safety considerations, it is expected that the plant would be shut down 

automatically in such circumstances. 

 Reaction temperature: Too high a temperature could result in the formation of ethylene 

glycols, which would increase the specific consumption of ethylene oxide, and may 

result in the need for additional separation efforts. 

 Leak: The reactions are carried out under pressure. In the event of a leak, there could be 

losses of ethylene oxide from the reaction stage, so measures that are adopted to 

minimise fugitive emissions will also help to reduce ethylene oxide consumption. 

 A malfunction or failure in the ammonia recovery process would result in a reduction of 

the ammonia that is recycled (and may result in an increase in ammonia and/or NOX 

emissions to air). 

 

5.2.5.2 Generic other than normal operating conditions 
 

 Start-up: Start-up is achieved by gradually introducing the reagents, which are recycled 

until the desired reaction conditions are obtained. There should therefore normally be 

no emissions to air during start-up.  

 Shutdown: When the plant is shut down its inventory will need to be removed, and a 

process of purging may be employed in order to eliminate hazardous substances, 

particularly where maintenance activities are anticipated. Under normal shutdown 

scenarios, the main potential issue would be ammonia.  

 Loss of containment and excess leakages in the system. 

 

5.2.6 Equipment important for environmental protection 
 

The following assets perform important operations for the protection of the environment and 

should have as high a level of reliability and availability as possible: 

 

 reactors, 
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 cooling system components, 

 safety system regarding runaway reactions, etc., 

 ammonia scrubbers, 

 hydrocarbon detectors, 

 purges, vents, 

 online analysers, 

 end-of-pipe treatment systems (generally site-wide). 
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5.3 Current emission and consumption levels 
 

5.3.1 Emissions to air 
 

In this chapter the various potential emissions to air from the processes under normal operating 

conditions are considered in turn in order to provide an assessment of their possible 

significance, and the techniques that might be employed to avoid or, where that is not feasible, 

reduce them. 

 

5.3.1.1 VOC emissions to air from storage 
 

Storage is usually carried out site-wide and shared with other units; there are no data on 

emissions from EA sites in particular. The primary issue is the potential emission of ethylene 

oxide, due to its harmful nature, its volatility, and its normal mode of storage. The potential 

emissions of ethylene oxide from storage could be relatively significant, and specific conditions 

in a permit are therefore conceivable, although these may relate more to the avoidance or 

mitigation of emissions during other than normal operating conditions. 

 

The general issue of emissions from storage is addressed in the Emissions from Storage BREF, 

as the storage may not necessarily be located at the installation. Furthermore, ethylene oxide is a 

specifically named substance in the Seveso Directive, and there is therefore likely to be an 

overlap between this directive and the IED, particularly in respect of potential emissions from 

other than normal operating conditions. 

 
5.3.1.1.1 Emissions from the aqueous process' inerts vent  

 

Inert substances introduced into the process along with the ammonia and ethylene oxide raw 

materials (e.g. nitrogen) will become associated with the excess ammonia that is vaporised from 

the reaction mixture. As these inert substances will not be captured to any material extent in the 

water used in the subsequent ammonia absorption steps (which are primarily designed to allow 

the recovery of the ammonia for reuse), they will ultimately need to be vented to air. The origin 

within the process of this vent stream is shown as vent 2.2 in figure 5.1. 

 

It is expected that ethylene oxide should be present, even in trace amounts, in the vent stream 

under normal operating conditions. 

 

5.3.1.2 Ammonia emissions to air from the aqueous process' inerts vent 
 

Ammonia coming out of the process is recovered (normally by a sequence of absorption 

columns – see Section 5.4.2.2) and recycled for reuse in the process. The vent rate will normally 

be determined by the quantity of inert substances that are introduced to the process. Data 

collection shows that these vent gases are sent to a shared vent gas treatment system. Reported 

specific emission values tend to be in the range 0.01–0.03 kg/tonne EA. Furthermore, given the 

nature of the likely in-process measures for the recovery of ammonia, the residual levels of 

ammonia in the vented gas are oxidised in a tail gas oxidiser (which may possibly be used more 

as a contingency measure to deal with elevated levels during potential other than normal 

operating conditions), and generally combined with waste gas streams from other (chemical) 

processes.  

 

Techniques (end-of-pipe): wet gas scrubber; multiple use and recirculation operations; thermal 

oxidation; catalytic conversion. 

 

5.3.1.3 Emissions from the fractionation of ethanolamines 
 

In both the anhydrous and aqueous processes, the separation of the individual ethanolamine co-

products is achieved by multiple distillations conducted in series under vacuum, or possibly in a 

single vacuum distillation column with multiple side-streams. The evacuated gases from the 
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vacuum system(s) employed in this context are therefore a source of channelled emissions to air 

from both the anhydrous and aqueous processes, and this is shown as vent 2.3 in figures 5.1 and 

5.2 for both aqueous and anhydrous process routes. 

 

The substances present in the gases evacuated during the separation of ethanolamines could 

conceivably include MEA, DEA and TEA, as these are vaporised during the distillations. 

However, they have low (and progressively lower) vapour pressures, and MEA is the only one 

that technically qualifies as a VOC as defined in Article 3(45) of the IED under normal 

conditions, and then only just – it should be noted that Article 3(45)'s criterion for qualification 

is much more generous than might ordinarily be applied, and captures substances that are not 

ordinarily viewed as ʻvolatileʼ. Consequently, although the use of vacuum means that they could 

possibly be pulled into the vacuum system in material quantities, they should be quickly 

condensed under normal operating conditions, and therefore should not present a material 

emissions issue. 

 

In the aqueous process, the fact that water is removed after the bulk of ammonia has been 

recovered should mean that the amount of ammonia passing forward into the fractionation 

column(s) should be low, and therefore the presence of ammonia in the evacuated gases from 

the column(s) associated with the aqueous process should be negligible under normal operating 

conditions. There is arguably more chance of ammonia passing into the fractionation column(s) 

in the anhydrous process, but the recovery step incorporated into this process is likely to be 

carried out in two stages, including a final vacuum distillation. It is therefore credible to assume 

that the feed forward of ammonia in the anhydrous process is also likely to be low under normal 

operating conditions. In any case, any excessive ammonia slippage past the recovery step may 

result in difficulties in establishing the desired vacuum levels in the fractionation column(s). 

 

As it is assumed that there should be no ethylene oxide present at this stage under normal 

operating conditions, there should be little or no ethylene oxide in the evacuated gases. 

 
5.3.1.3.1 Direct emissions of VOCs from the fractionation of ethanolamines 

 

The direct emissions to air under normal operating conditions from the fractionation of 

ethanolamines should therefore be restricted to non-condensable gases that are vented from the 

vacuum system(s) serving the distillation columns employed to separate the individual 

ethanolamines.  

 

Process-related measures are taken to prevent or reduce substances in the vacuum systems and 

the streams generated are reportedly being sent to combined abatement units of the site for 

further treatment. VOC emissions are reported to be approximately 0.003–0.005 kg/t of EAs 

produced (expressed as TOC). It is difficult to derive emission values since these streams are 

combined with others and sent to shared abatement units (in most cases, thermal oxidisers).  

 

Techniques: generic techniques to prevent/reduce VOC emissions related to the process and 

plant design; generic techniques on vacuum systems.  

 

Pollutants: VOCs   

 
5.3.1.3.2 Indirect (diffuse) emissions of VOCs from the fractionation of 

ethanolamines 

 

Source and nature of emissions under normal operating conditions: any water that is used in the 

vacuum systems will absorb VOCs that might be present in the evacuated gases. The handling 

of this water could result in diffuse emissions to air if the water were to be cooled in an open, 

direct contact system. The emissions from the aqueous and anhydrous processes are shown as 

vent 2.4 in figures 5.1 and 5.2 for both aqueous and anhydrous process routes. 
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Techniques are employed to reduce the occurrence of these emissions and the VOC emission 

levels reported are calculated values between 0.003 kg/t and 0.005 kg/t of EA produced; 

associated with the use of pressure drop pumps and high integrity equipment. These emissions 

are managed on a site-wide basis; therefore emission data dedicated to this unit are generally not 

available. 

 

Techniques: indirect cooling of water; water-free vacuum generation. 

 

Pollutants: ethanolamines, ethylene oxide   

 

5.3.1.4 Emissions to air from the anhydrous process 
 

Source and nature of emissions: ammonia is used in significant stoichiometric excess for a 

number of reasons. Primarily, it is used to reduce the amount of unreacted ethylene oxide to an 

absolute minimum (for significant safety reasons), but it also has the effect of skewing the co-

product profile in favour of the currently normally preferred lower ethanolamines. The excess 

ammonia is separated from the ethanolamines by distillation and recycled back to the reactor, 

something that clearly appears to represent BAT.  

 

In order to limit the build-up of inert compounds introduced along with the ethylene oxide and 

ammonia raw materials (e.g. nitrogen) in the recycled ammonia, it is necessary to purge a 

proportion of the recirculating ammonia gas, which is generally done as shown as purge 2.5 in 

figure 5.2. 

 

The purge stream will be predominately comprised of ammonia, along with the non-

condensable inert substances that necessitate the purge in the first place. 

 

The ratio of ammonia to ethylene oxide, and the desired reaction conditions, should mean that 

under normal operating conditions residual levels of ethylene oxide will be very low after the 

reactor. The issue of VOCs (i.e. ethylene oxide) should not therefore arise under normal 

operating conditions, and usually no more than trace amounts of ethylene oxide should be 

present. 

 

5.3.1.5 Ammonia emissions from the reaction (anhydrous route) 
 

Ammonia is odorous and potentially harmful. However, as the vent rate will ordinarily be 

determined by the quantity of inert substances that are introduced to the process, it should 

normally be expected to be relatively low. However, unlike in the aqueous process, the 

ammonia concentration in the purge from the anhydrous process will by definition be very high 

because of the very nature of the process. Nevertheless, the mass emission rate may still be 

relatively low thanks to the possible low purge rate. Keeping the purge rate low should be the 

main measure for reducing emissions of ammonia. Process-integrated techniques could be 

employed, such as management of the raw material quality and use of control valves.  

 

The ammonia in the vent is oxidised in a tail gas oxidiser, which is normally shared with other 

processes. See the CWW BREF. For this particular process route it is difficult to obtain 

emission data, as emissions from this vent are combined with other streams and are sent to 

shared vent gas treatment. It would be difficult, if not impossible, to apportion the residual 

pollutants to recover those attributable to the manufacture of ethanolamines. 

Techniques: manage and maintain raw material quality; use of control valves; wet gas scrubber; 

thermal oxidation; catalytic conversion. 

 
5.3.1.5.1 Fugitive emissions of VOCs to air from the process 

 

Fugitive emissions may account for a significant proportion of the VOC (i.e. ethylene oxide) 

emissions from the process. 
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Ethanolamines are not classified as VOCs by EN 15446. However, they are odorous, so even a 

low level of leakage could have a material impact, although this is likely to be localised, and 

may not extend beyond the installation boundary. The current thumbnail description for 

ethanolamine manufacture indicates that ʻdue to the low odour threshold of MEA, DEA and 

TEA, leaks are minimised through the good design of storage and handling facilities, seals on 

pumps, and the minimisation of flanges in pipe work. Biotreatment or incineration may be 

necessary as back-up systems to remove odour…ʼ. However, as the separation of ethanolamines 

with lower vapour pressures is carried out under vacuum, fugitive emissions from this stage of 

the process are not likely - any leaks in these situations are more likely to increase channelled 

emissions to air, as there would be a consequent increase in non-condensable gases passing 

through the vacuum systems.  

  

The practicalities involved in providing accurate quantification may be a significant barrier for 

the inclusion of an ELV for fugitive emissions, and similar challenges would arise in respect of 

the development of a meaningful BAT-AEL. The problem here arises from providing absolute 

estimates of emissions that serve as a standard across different sites possibly using different 

estimation methods, which are very different to relative estimates of emissions that can be used 

at a single site as a way of judging changes (ideally reductions) over time in response to various 

factors and efforts. 

     

Techniques: see the generic section and the CWW BREF and the REF BREF. 

 

5.3.2 Emissions to water 
 

In this chapter, the various potential emissions to water from the processes under normal 

operating conditions are considered in turn in order to provide an assessment of their possible 

significance, and the techniques that might be employed to avoid or, where that is not feasible, 

reduce them. 

 

5.3.2.1 Emissions to water from the aqueous process' water recycle loop 
 

The water that is used as an accelerator in the aqueous process needs to be removed from the 

ethanolamine mixture prior to the fractionation of the individual ethanolamines. 

 

The water is recovered by distillation and normally reused in the process (this is coincidentally 

likely to represent BAT for the reduction of effluents and water consumption). However, a 

portion of the water is purged from the process in order to control the build-up of impurities and 

by-products. This purge is shown as vent 3.1 in figure 5.1 

 

This purge stream contains some residual ammonia – the precise amount will be dependent 

upon the point at which the purge is made, but it is expected that the levels may be low due to 

its high vapour pressure. Depending upon the precise approach that is adopted for the purge, 

there could be some ethanolamines present in the purge stream. 

 
Table 5.2:  Data on emissions to water 

Pollutant Method 
Averaging 

frequency 

Sampling 

type/frequency 
Emission values 

NH3 

(NGL) 

NF EN 

12260 
Yearly Composite/daily 

Concentration (mg/l) 

0.1 0.13 0.41 

Specific emissions (kg/t EAs) 

14 27 76 

COD 
NF T 

90 101 
Yearly Composite/daily 

Specific emissions (kg/t EAs) 

2.95 2.95 4.16 

N.B. Monitoring done before further common treatment and after combination with streams from another unit. 
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The purged water is likely to contain only negligible levels of ethylene oxide, as its volatility 

means that any ethylene oxide would ordinarily be recycled around the loop. However, the 

purge may contain ethylene glycols that have been produced by the reaction of any unreacted 

ethylene oxide with the water before any ethylene oxide is recycled. However, as the presence 

of much, if any, ethylene oxide is not really expected under normal operating conditions, the 

quantity of ethylene glycols (and hence possibly the purge rate) should ordinarily be expected to 

be very low. 

 

Purged water is combined with other streams and sent to a common waste water treatment 

system in the existing plants. 

 

Pollutants: ammonia, ethylene oxide, ethylene glycols, ethanolamines. 

 

Potential other than normal operating conditions: reaction conditions, stripping conditions. 

 
5.3.2.1.1 Organics emissions to water from the aqueous process' water recycle 

loop under normal operating conditions 

 

The purge stream will be contaminated primarily with low levels of ethanolamines, and possibly 

also even smaller amounts of ethylene glycols. As the stream is a purge, the volume involved 

should be relatively low. 

 

Because of their easy biodegradability, a downstream biological effluent treatment plant has the 

potential to significantly reduce the level of ethylene glycols (and ethanolamines) in the final 

(combined) effluent.  

 

In these circumstances, it is important to acknowledge that the impact on the environment as a 

whole could be higher when trying to maximise the reduction of ethylene glycols (and 

ethanolamines) at source (which might for example involve the use of highly energy-intensive 

distillation and the generation of a waste) than when relying to an appropriate extent on a 

downstream effluent treatment plant, even after taking into account sludge generation, etc. – see 

Annex III to the IED. What may be considered BAT at one site for the treatment prior to 

discharge into the site's effluent system may therefore be radically different to the situation at 

another site. 

 

Data collected shows a TOC-specific emission in the range of 0.3 kg/t to 0.7 kg/t of EAs (yearly 

average of weekly grab samples) measured (before the downstream treatment and also before 

combination with other streams) 

 

Pollutants: ethylene oxide, ethylene glycols, ethanolamines. 

 

Techniques: techniques for minimising the purge; techniques for recovery of the products 

(ethanolamines) by recycling back to process.  

 

5.3.2.2 Emissions to water from vacuum systems 
 

The separation of the individual ethanolamines is achieved by multiple distillations that are 

conducted under vacuum, and the recovery of ammonia in the anhydrous process can involve an 

element of processing under vacuum conditions. The systems employed for generating the 

vacuum comprise steam ejectors and/or liquid ring pumps, in which case an aqueous effluent 

may arise. The emissions could be generated as a bleed from a recirculating cooling water 

circuit featuring a cooling tower for example, or be generated on a once-through usage basis.  

 

Techniques: water-free vacuum generation. 

 

Pollutants: organic compounds (mainly ethanolamines). 
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5.3.3 Raw material consumption 
 

5.3.3.1 Ethylene oxide consumption 
 

As indicated in Section 5.1 above, all of the various co-products (mono-, di- and tri-

ethanolamines) have potential uses and values as co-products, and the ethylene oxide 

consumption therefore has to be seen in the context of the desired (or at least accepted) co-

product profile. However, the demand profile is such that the majority of the production is 

generally preferred to be in the form of monoethanolamine. 

 

There are techniques that can be employed to maximise the production of monoethanolamine, 

and these can be employed by an operator to deliver the most appropriate co-product profile for 

its particular circumstances taking into account their costs and benefits. It is therefore not 

sensible to attempt to express specific ethylene oxide consumption levels relative to just a single 

co-product. 

 

The main reason for an increased ethylene oxide consumption rate could be loss of material in 

the bottom product from the final separation column in the form of PEA in the case of the 

aqueous process. There may even be a demand for this, in which case the nature of the specific 

consumption rate may have to reflect this. However, it may be prudent to view this as a residue 

rather than a co-product. 

 

Other than normal operating conditions: over-pressurisation; reaction conditions; reaction 

temperature; leaks. 

 

Techniques:  

 ensure a sufficient excess of ammonia; 

 ensure there is enough water in the reaction;  

 for the anhydrous process, ensure that the catalyst is performing adequately;  

 techniques to prevent/reduce VOC emissions related to the process and plant design. 

 

5.3.3.2 Ammonia consumption 
 

Ammonia is used in significant excess relative to ethylene oxide (for safety and co-product 

profile management reasons). However, both the aqueous and anhydrous processes should 

feature the essentially full recycling of ammonia under normal operating conditions.  

 

The minimisation of ammonia wastage is an economic imperative, and permit conditions on 

ammonia consumption are considered unlikely. However, permit conditions regarding 

techniques to reduce emissions are to be expected for ammonia emissions to air, which is the 

main route by which wastage may occur. 

 

Techniques: sufficiently high scrubbing efficiency of ammonia; optimised reaction pressure 

maintained; minimisation of leakages. 

 

Other than normal operating conditions: over-pressurisation incident; malfunction or failure of 

the ammonia recovery process. 

 

5.3.4 Energy consumption 
 

For the manufacture of ethanolamines, the net energy consumption will be influenced by the 

process configuration, the extent of heat interchange, and any energy that might be recovered 

from the combustion of process residues.  

 

In comparison, the overall energy consumption of the processes will largely depend upon the 

energy required for a number of key energy-intensive operations, and the techniques that might 

be employed to help reduce the overall energy consumption associated with these operations.  
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The overall energy consumption will also be variable, being dependent upon factors such as co-

product profile. 

 

5.3.4.1 Energy consumption for ammonia recovery and ethanolamine 
fractionation 

 

Both the recovery of the ammonia for recycling and the separation of the individual 

ethanolamines involve distillations, so there is a heat energy demand associated with this. 

 

It is not expected that a permit would include a limit on energy consumption, but a permit might 

include a requirement for an operator to record energy consumption, and a permit might also 

require the possibility of including a design feature or technique where this may not already be 

employed. 

 

Techniques:  

 control of ammonia and water levels; 

 distillation column design; 

 recovery of exothermic heat through the generation of low pressure steam; 

 heat integration; 

 application of pinch technology; 

 energetically coupled distillation; 

 Recovery of energy from vent streams. 

 

5.3.4.2 Energy consumption for vacuum generation 
 

The separation of the individual ethanolamines is achieved by distillation columns in series 

operating under vacuum. The recovery of ammonia is partially carried out under vacuum or near 

atmospheric pressure. 

 

Vacuum generation options include liquid ring pumps and/or steam ejectors. Given the 

progressively high boiling points of the ethanolamines, the level of vacuum is likely to be high, 

and this is likely to translate into relatively high energy demand. 

 

Techniques: water-free vacuum generation; Techniques to prevent/reduce VOC emissions 

related to the process and plant design (plant integrity); heat integration; application of pinch 

technology; energetically coupled distillation. 

 

5.3.4.3 Energy consumption for process gas recirculation 
 

The use of a significant excess of ammonia (for safety and co-product profile management 

reasons) means that, in order to reduce the wastage of significant amount of ammonia reagent, 

there is a need to recycle this ammonia. This will require the operation of compressors, and 

these will have a potentially significant energy demand. 

 

Techniques: use of the anhydrous process rather than the aqueous process might reduce the 

quantity of process gases that need to be recycled (BAT is to close the aqueous process plant 

and shift to the anhydrous process).  

 

5.3.5 Water consumption 
 

5.3.5.1 Process water consumption in the aqueous process  
 

Water is used within the process as an accelerator to promote the reaction between ethylene 

oxide and ammonia. The water and excess ammonia are separated from the ethanolamines later 

in the process, and this allows the recycling of the water, which is viewed as BAT. Additional 

water is required to compensate for the purge stream from the recycled water that is necessary in 

order to limit the build-up of glycols that are formed.  
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Techniques: recycling the water from EAs separation; reducing purge rate. 

 

5.3.5.2 Water consumption associated with vacuum generation 
 

The evaporation of the water from the ethanolamine mixture is conducted under vacuum, and 

the separation of the individual ethanolamines is conducted under progressively higher 

vacuums. Both of the most likely methods of generating a vacuum (steam ejectors and liquid 

ring pumps) have the potential to generate aqueous effluents other than spent cooling water, 

although the use of a process material as the fluid in liquid ring pumps would avoid this 

situation arising. It is possible that the water used in these situations could be recycled, but even 

if this is the case there would be a need for a purge in order to control the build-up of substances 

in the recycle loop. There will therefore be a water consumption associated with these vacuum 

systems, although it might not be significant in the context of the other potential consumptions.  

 

Techniques: water-free vacuum systems; multiple use and recirculation operations. 

 

5.3.5.3 Water consumed as ʻboilerʼ feed water 
 

The reaction is exothermic, and the heat that is generated can be removed by vaporising water to 

generate steam. This can be used for heating, possibly of the distillation columns used to 

separate the water (in the case of the aqueous process) and/or fractionate the ethanolamines.  

 

It is anticipated that the condensate that arises from this use will be largely recycled, with 

perhaps a purge stream being necessary to minimise the build-up of solids, etc. 

 

5.3.6 Co-products, by-products and waste generation 
 

5.3.6.1 Poly-ethanolamine by-product (aqueous process) 
 

The only by-product that is considered material is poly-ethanolamine (PEA), which is formed in 

the aqueous process as a result of the presence of water.  

 

The PEAs are higher-boiling than TEA, and is contained in the bottom product from the final 

column employed for the isolation of TEA. It is therefore obtained as a mixture with TEA.  

 

The PEA/TEA mixture can either be sold for beneficial use or be combusted as a fuel. 

 

Techniques: reaction conditions; maximising the separation capability of the TEA isolation 

column. 

 

5.3.6.2 Catalyst (anhydrous process) 
 

Catalyst will need to be periodically wasted from the anhydrous process. However, it is 

anticipated that the catalyst wastage will only be required infrequently. Some potential catalysts 

can be regenerated on site. 

 

Techniques: catalyst selection; catalyst degradation; catalyst regeneration off site to recover 

valuable compounds. 
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5.4 Techniques to consider in the determination of BAT 
 

This section describes techniques (or combinations thereof), and associated monitoring, 

considered to have the potential for achieving a high level of environmental protection in the 

activities within the scope of this chapter. The techniques described will include both the 

technology used and the way in which the installations are designed, built, maintained, operated 

and decommissioned. 

 

It covers process-integrated techniques and end-of-pipe measures. Waste prevention and 

management, including waste minimisation and recycling procedures are also considered, as 

well as techniques that reduce the consumption of raw materials, water and energy by 

optimising use and reuse. The techniques described also cover measures used to prevent or to 

limit the environmental consequences of accidents and incidents, as well as site remediation 

measures. They also cover measures taken to prevent or reduce emissions under other than 

normal operating conditions (such as start-up and shutdown operations, leaks, malfunctions, 

momentary stoppages and the definitive cessation of operations). Cross references to other 

chapters are used, where relevant to avoid repetition. 

 

This chapter does not necessarily provide an exhaustive list of techniques which could be 

applied. Other techniques may exist, or may be developed, which could be considered in the 

determination of BAT for an individual installation.  

 

5.4.1 Techniques to reduce emissions to air 
 
5.4.1.1.1 Reduction of emissions from ethylene oxide storage 

 

Ethylene oxide is extremely flammable and its mixtures with air are explosive. When heated, it 

may rapidly expand causing fire and explosion. It is a named dangerous substance in the Seveso 

Directive (2012/18/EU) with a lower tier threshold of 5 tonnes and an upper tier threshold of 50 

tonnes. Ethylene oxide can burn in inert atmospheres and in water solutions due to the bound 

oxygen present. 

 

In most cases, ethylene oxide is fed to the ethanolamine plant by pipeline and stored in a 

common tank field. A common practice is to place the ethanolamine plant in the proximity of an 

ethylene oxide production facility and directly pipe in ethylene oxide to the reactors. [Ref 

11400] Measures to be taken to control its emissions would be generic to the whole site and the 

chemical sector. The techniques that are generally considered to have the potential for achieving 

a high level of environmental protection in ethanolamine production for the storage, transfer and 

handling of liquids and solids are those described in the EFS BREF. 

 

Targeted monitoring of pollutants in ambient air 

Ambient air monitoring around storage facilities is a way to track losses and leaks from storage 

and handling. The data collection exercise revealed that operators use it for multiple purposes 

related to safety (flammable), personnel exposure, fugitive emissions, etc. See section 2.4.2.1.3. 

 

5.4.2 Reduction of ammonia emissions from the process  
 

5.4.2.1 Ammonia emissions to air from the aqueous process 
 

The aqueous process operates with an excess of ammonia, which is recovered from the product 

mix and recycled back to the reaction stage. The ammonia recovery process is shown in Figure 

5.1. The process involves the use of two-stage counter-current wet gas scrubbing. The use of 

wet gas scrubbers is described in Section 2.4 and in the CWW BREF. 

 

Scrubber liquor is recycled and scrubbers are followed by end-of-pipe abatement devices, like 

thermal or catalytic oxidisers, mostly shared due to the possibilities that the site offers. 
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a)  Process-integrated techniques 

 

Wet gas scrubber 

 The ethanolamine production process is carried out using excess levels of ammonia; 

therefore, unreacted ammonia is recovered by the scrubber system and fed back into the 

process. Whilst providing higher efficiency to the process, this also reduces the amount 

sent to treatment, increasing the overall efficiency of the plant. Due to the high 

reactivity of ammonia in aqueous solution, wet scrubbers are used for this purpose. Wet 

gas scrubbing is a generic technique used in the chemical sector and described in more 

detail in section 2.4.4.2.1 and in the related section of the CWW BREF.  

 

Multiple use and recirculation operations (scrubber liquor recycle) 

 The resulting scrubber liquor should be fed to the main absorption column used for 

ammonia recovery. This would also help contribute to the minimisation of ammonia 

consumption, and the potential reuse of water from the process would help minimise 

water consumption. The normal cross-media effect of an aqueous effluent arising as a 

consequence of the use of a scrubber therefore does not apply here. Applicable in plants 

that have the aqueous process route. [CEFIC EA BREF 11330]. For details of these 

techniques see the CWW BREF ʻMultiple use and recirculation operationsʼ. 

 

b) End-of-pipe abatement techniques to reduce ammonia emissions 

 

Thermal oxidation 

 Further end-of-pipe treatment of ammonia is carried out by oxidation/conversion 

systems that are shared for the whole site. As a generic technique widely used on 

chemical sites, further detailed information on this technique can be found in section 

2.4.4.1.5 and in the related section of the CWW BREF. 

 

Catalytic oxidation 

 As an alternative to thermal oxidation, an end-of-pipe treatment of ammonia that is 

generally shared for the whole site. Further detailed information on this technique can 

be found in section 2.4.4.1.2 and in the related section of the CWW BREF.  

 

5.4.2.2 Ammonia emissions to air from the anhydrous process 
 

a) Process-integrated techniques 

 

i) Manage and maintain raw material quality (to reduce impurities build-up) 

 

Description 

Manage and maintain raw material quality (to reduce impurities build-up  

 

Technical description 

It is possible to employ a front-end technique that would help reduce the purge rate (and thereby 

also reduce ammonia consumption), namely control the raw material quality such that the inerts 

component is as low as possible. However, where there is realistically only a limited choice of 

raw materials, this could be more of a contextual factor rather than a technique, as the 

opportunities to change may be limited. Operators may apply raw material specifications with 

limited inert content.  

 

Achieved environmental benefits 

Reduce emissions and reduce the amount to be further treated. 

 

Environmental performance and operational data  

 

Cross-media effects 

Raw material choice may be limited. 
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Technical consideration relevant to applicability 
Generally applicable. 

 

Economics 

 

Driving force for implementation 

Minimise purge rate and reduce pollution at source. 

 

Example plants 

One plant reported implementation of this technique. 

 

Reference literature 

LVOC data collection 

 

ii) Optimise purge rate 

 

Description 

Optimise purge rate 

 

Technical description 

By use of pressure control set-up that keeps the pressure in the ammonia recovery system at a 

predefined level. Two control valves, purge out or nitrogen in dependent on the pressure in the 

system. During normal operating conditions, there is a very small purge.    

 

Achieved environmental benefits 

Reduce emissions and reduce the amount to be further treated. 

 

Environmental performance and operational data  

 

Cross-media effects 

Raw material choice may be limited. 

 

Technical consideration relevant to applicability  

Generally applicable.  

 

Economics 

 

Driving force for implementation 

Minimise purge rate and reduce pollution at source. 

 

Example plants  

One plant reported implementation of this technique. 

 

Reference literature 

LVOC data collection 

 

b) End-of-pipe abatement techniques to reduce ammonia emissions 

 

Wet gas scrubber 

 A scrubber column with diluted sulphuric acid as the scrubbing solution and with an 

achieved removal efficiency of more than 98 % is used. Aqueous effluent arising from 

this unit cannot be fed back into process, which is not aqueous in nature. There will be a 

need for further treatment of the effluent from this unit. This is typically a generic 

treatment system used in the chemical sector and described in detail in the related 

section of the CWW BREF. 
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 In some cases, a mobile back-up scrubber is reported to be in use during maintenance. 

This can increase the availability of the abatement equipment to 99 %. (Ref: Data 

collection exercise) 

 

Thermal Oxidation 

 Further end-of-pipe treatment of ammonia is carried out by oxidation systems that are 

shared for the whole site. As a generic technique widely used on chemical sites, further 

detailed information on this technique can be found in section 2.4.4.1.5 and in the 

related section of the CWW BREF. 

 

Catalytic oxidation 

 As an alternative to thermal oxidation, an end-of-pipe treatment of ammonia that is 

generally shared for the whole site. Further detailed information on this technique can 

be found in section 2.4.4.1.2 and in the related section of the CWW BREF.  

 

5.4.2.3 Reduction of VOC emissions from the fractionation of 
ethanolamines 

 

Measures for the reduction of these emissions should be investigated according to the nature of 

the emission release. Channelled or direct emissions might make it necessary to have both 

process-integrated and end-of-pipe measures, while indirect emissions would be dealt with by 

measures integrated to the process or plant design.  

 
5.4.2.3.1 Direct emissions 

 

The direct emissions to air are non-condensable gases that are vented from the vacuum 

system(s) serving the distillation columns that are employed to separate the individual 

ethanolamines. To minimise these emissions, several measures are incorporated into the plant 

design and the process management. To reduce emissions further, end-of-pipe abatement 

systems are incorporated. 

 

Techniques to prevent/reduce VOC emissions related to the process and plant design 

 

As the ethanolamine separation is carried out under vacuum, reducing leaks (which are not 

viewed as an other than normal operating condition in this context) will reduce the quantity of 

non-condensable gases that enter the distillation plant, thereby reducing the gas volumes 

handled by the associated vacuum systems, and consequently the likely emissions from them. 

However, a significant amount of air ingress might affect the level of vacuum that is achieved, 

which could affect the nature of the process vapours, and may result in a plant shutdown. In this 

manner, condensers are placed on the vacuum lines to reduce ethanolamine entrainment to the 

vacuum system.  

 

Plant integrity 

Reducing the number of leaks (which are not viewed as contributing to an other than normal 

operating condition in this context) will reduce the quantity of non-condensables that need to be 

handled, and therefore reduce the load of the vacuum systems. 

 

For plant integrity, magnetic or non-seal pumps, and/or spiral wound gaskets could be used. 

One of the reported measures is to minimise the amount of equipment such as flanges and 

valves. These are mainly generic issues and are elaborated on in more detail in Chapter 2.4. 

 

Proper vacuum system design 

 

The proper design of the vacuum system employed for the fractionation of ethanolamines may 

reduce the resulting diffuse emissions. The incorporation of suitably designed condensers with 

appropriate cooling media at appropriate points before, within and/or after vacuum systems 

could reduce VOCs in emissions. In certain cases, such an approach might allow the recovery of 
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material for recycling. It could also give rise to a more contaminated effluent and/or a waste 

stream that would require disposal using liquid ring pumps with or without water as the liquid 

might affect the cross-media effect of diffuse emissions of VOCs from water used. 

 

Various techniques used are listed below and are elaborated on in more detail in Chapter 2.4 

Generic techniques to consider: 

 

 condensation and cryogenic condensation; 

 channelling of vent gases; 

 water-free vacuum generation; 

 stripping (of vacuum system condensates when ejectors are used to generate vacuum). 

 

End-of-pipe abatement techniques to reduce VOC emissions 

 

There is a need to channel process vent streams to a vent gas treatment system rather than to a 

safety system (such as a flare) or to atmosphere. Treatment options include thermal and catalytic 

oxidisers. See Generic techniques section and the CWW BREF for further information. 

 
5.4.2.3.2 Indirect (diffuse) emissions 

 

Diffuse VOC emissions are generic to the whole LVOC sector and are covered in more detail in 

section 2.4.4.1.4 in this document and in the CWW BREF. 

 

In the case of indirect emissions arising from fractionation, these emissions, under normal 

operating conditions, may not arise if water is not used directly in vacuum generation. Specific 

techniques used in ethanolamine production installations are those such as indirect cooling of 

water and use of a liquid other than water as the liquid ring pump fluid. 

 

Indirect cooling of water 

 The cooling of water in a closed system would reduce the diffuse emissions to air that 

might arise in the aqueous process route. See Generic techniques for further 

information. 

 

Water-free vacuum generation 

 Where a liquid ring pump is employed, using ethanolamines rather than water, and 

cooling the ethanolamines indirectly, would avoid the temptation for direct cooling. 

Applicable for the aqueous process route. See Generic techniques for further 

information. 

 
5.4.2.3.3 Fugitive emissions 

 

For information on techniques to prevent/reduce VOC emissions related to the process and plant 

design in order to reduce fugitive emissions, please refer to the section 2.4.4.1.4 in this 

document and the relevant parts of the CWW BREF. 

 

5.4.2.4 Combustion gases 
 

Emissions from combustion plants where the principal objective is the production of energy, 

e.g. as steam, heat, electricity or combined heat and power, are outside the scope of this BREF. 

Full descriptions of all the emission control techniques that can be applied can be found in the 

LCP BREF. 

 

5.4.3 Techniques to reduce emissions to water 
 

5.4.3.1 Reduction of emissions of organic substances from the aqueous 
process' water recycle loop 
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5.4.3.1.1 Optimise purge rate 

 

This purge stream may contain some residual ammonia, ethanolamines, ethylene oxide and 

ethylene glycols. Techniques to reduce emissions to water will comprise process-integrated 

techniques to reduce the purge rate and recover substances back to the process, and end-of-pipe 

techniques to minimise the emissions thereof. The ethanolamines within the purge stream could 

possibly be recovered in order to reduce emissions to the site's effluent collection system, and 

possibly allow the reuse of even more water. However, such a recovery operation could result in 

increased energy consumption, and the quality of the glycols may preclude this option. 

Furthermore, the more concentrated glycol stream that is obtained may simply be disposed of 

(e.g. incinerated), which may require the consumption of even more energy. In 2013, it was 

reported that abatement of these substances are carried out by site-wide and common waste 

water treatment plants, which fall within the scope of the CWW BREF. Further detailed 

information can be found in the CWW BREF.  

 

Minimisation of the purge rate is an effective way for the reduction of emissions to water and to 

prevent pollution at source. The techniques employed for this purpose are also the techniques 

used to minimise water consumption. 

 
5.4.3.1.2 Recovery of ethanolamines by purge water recycling 

 

Description 

Partial recovery of substances (mainly ethanolamines ) can be carried out by recycling part of 

the water streams back to the reaction.  

 

Technical description 

 

Achieved environmental benefits 

Increase efficiency and reduce emissions to water. 

 

Environmental performance and operational data 

Reported effluent loads of TOC (yearly average of weekly grab samples): ~0.4–0.5 kg/t EAs 

produced (at varying plant rates). 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Applicable for the aqueous process route. 

 

Economics 

 

Driving force for implementation 

Increase efficiency and minimisation/reduction of end-of-pipe abatement. 

 

Example plants 

 

Reference literature 

Questionnaires from data collection, Ref 11330 CEFIC). 

 
5.4.3.1.3 Techniques to recover products from the purge water 

 

Purge water might still contain substances (and mainly ethanolamines), which could be 

recovered as product or feedstock by: 

 

 recovering feedstock by distillation or recycling; 

 Stripping. 
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See section 2.4 for further information on these techniques. 

 

5.4.3.2 Reduction of emissions from the vacuum purge system on the 
purification of ethanolamines 

 

The systems employed for generating the vacuum can comprise steam ejectors and/or liquid 

ring pumps, in which case an aqueous effluent may arise. The emissions could be generated as a 

bleed from a recirculating cooling water circuit featuring a cooling tower for example, or be 

generated on a once-through usage basis. Substances that could be found in this stream are 

ethanolamines, which are readily treated in the biological treatment unit of the site-wide 

treatment unit. Process-integrated techniques to prevent/minimise emissions to water from the 

vacuum systems also reduce diffuse VOC emissions to air; more detailed information can be 

found in that section and in the section on generic techniques. 

 

 Indirect cooling of water 

 Water-free vacuum generation 

 

5.4.4 Techniques to reduce raw material consumption 
 

5.4.4.1 Techniques to reduce ethylene oxide consumption 
 

 Ammonia excess. 

Maintaining a high level of ammonia in the reaction mixture is an effective way of 

ensuring that all the ethylene oxide is converted into products. The level of excess 

ammonia also determines the product distribution, so there is no absolute guidance for 

the excess 

 Sufficient water (aqueous route). 

 Catalyst performance (anhydrous route). 

 
5.4.4.1.1 Ensure a sufficient excess of ammonia in the reaction mixture 

 

Description 

In order to ensure all the ethylene oxide be converted into products, one effective way is to 

maintain a high level of ammonia in the reaction mixture. The level of excess ammonia also 

determines the product distribution, so there is no absolute guidance for the excess.  

 

Technical description 

All of the various co-products (mono-, di- and tri-ethanolamines) have potential uses and values 

as co-products, and the ethylene oxide consumption therefore has to be seen in the context of 

the desired (or at least accepted) co-product profile. However, the demand profile is such that 

the majority of the production is generally preferred to be in the form of mono-ethanolamine. 

 

There are techniques that can be employed to maximise the production of mono-ethanolamine, 

and these can be employed by an operator to deliver the most appropriate co-product profile for 

its particular circumstances taking into account their costs and benefits. It is therefore not 

sensible to attempt to express specific ethylene oxide consumption levels relative to just a single 

co-product. 

 

Depending on the product spectrum desired, ammonia–ethylene oxide molar ratios of 3:1 to 

10:1 are experienced. 

 

Achieved environmental benefits 

Reduction of waste and minimisation of resource usage. 

 

Environmental performance and operational data 

 

Cross-media effects 
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Technical consideration relevant to applicability 

Generally applicable. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

All ethanolamine production plants.  

 

Reference literature 

REf.11333 Zahedi, Ref. 11330 Cefic, Questionnaires for data collection. 

 
5.4.4.1.2 Ensure there is enough water in the reaction 

 

Description 

Water is used as a homogeneous catalyst for the reaction between ammonia and ethylene oxide. 

The extremely low reactivity of the added water with ethylene oxide, compared to the reactivity 

of ammonia and its resulting ethanolamines, allows the production of ethanolamines with very 

high purity without the need to remove by-products. 

 

Technical description 

Water will remain in the ethanolamine mixture that results from the reaction and consequent 

ammonia removal. It can easily be removed by distillation and reused as an absorbent for 

ammonia. As water circulates in the reaction and the ammonia/water recovery system it does 

not increase the effluent stream of the ethanolamine plant. 

 

Water, an excellent absorbent for ammonia, is reused to remove any traces of ammonia from the 

vents leaving the process before being mixed with the ammonia vapour from the ammonia 

removal in the absorber. The absorption technique eliminates the need for an ammonia 

compressor and reduces the electrical power requirements of the plant. 

 

Achieved environmental benefits 

Increased efficiency and minimisation of resource use. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Generally applicable. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

All ethanolamine production plants.  

 

Reference literature 

Ref. 11330 Cefic, Questionnaires for data collection. 

 
5.4.4.1.3 For the anhydrous process, ensure that the catalyst is performing 

adequately 

 

In the anhydrous process, ethylene oxide and anhydrous ammonia in a liquid phase are reacted 

over a heterogeneous catalyst at elevated temperature and pressure. To maintain the optimum 
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conditions to convert all the ethylene oxide and avoid undesired reaction conditions that lead to 

product loss, malfunctioning and even safety risks, it is crucial to ensure that the catalyst is 

performing adequately. This requires an appropriate monitoring regime. Temperature is 

monitored after the reactors. Recurrent sampling from reactors is carried out in order to monitor 

unreacted ethylene oxide. Ref. 11330 Cefic, Questionnaires for data collection. There are 

generic techniques regarding catalyst management, which are described in detail under the 

following topics in Generic Section: 

 

 process optimisation, 

 catalyst system improvement; 

 catalyst wear reduction (catalyst degradation). 

 
5.4.4.1.4 Techniques to prevent / reduce VOC emissions related to process and 

plant design 

 

The reactions are carried out under pressure in order to ensure that the ammonia remains 

liquefied. In the event of a leak, there could be losses of ethylene oxide, so measures that are 

adopted to minimise fugitive emissions will also help to reduce ethylene oxide consumption. 

 

These techniques are generic to the LVOC sector and chemical industry; please refer to the 

section on generic techniques in this document and the CWW BREF for more detailed 

information. 

 

5.4.4.2 Techniques to reduce ammonia consumption 
 
5.4.4.2.1 Sufficiently high scrubbing efficiency of ammonia 

 

Description 

The wastage of ammonia from the anhydrous process is likely to be influenced primarily by the 

purge rate, which will in turn be influenced by the raw material quality. The wastage of 

ammonia from the aqueous process can be reduced by minimising the residual levels of 

ammonia in the vented inert gases by the efficient scrubbing of ammonia from the vented gases 

using water. 

 

Technical description 

The technique is applied by using a separate vent scrubber to treat the vent gases from the main 

process ammonia absorbers. As the ammonia concentration in the main absorber is relatively 

high, the inert gas from the process will be saturated with ammonia when leaving the absorbers. 

Due to the high vapour pressure of ammonia, this can lead to considerable losses of ammonia to 

the atmosphere. Exposing this ammonia-rich stream to pure (ammonia-free) water allows almost 

all the ammonia from the inert gases to be absorbed. 

 

The scrubbing water is further recycled into the main process absorbers thus allowing complete 

recuperation of ammonia. 

 

The absorber is expected to achieve very low ammonia emissions. 

 

Achieved environmental benefits 

 

Environmental performance and operational data 

Operated at atmospheric pressure and ambient temperature. 

 

Associated emissions data are scarce, due to confidentiality claims.  Also data does not 

represent emissions since waste gases are combined with others and sent to Thermal Oxidiser.  

 

Cross-media effects 
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Technical consideration relevant to applicability 

More suitable for the aqueous ethanolamine process plants. If applied in the anhydrous process, 

recovered ammonia cannot be fed back to the process and might end up with an additional waste 

water treatment need. A mobile absorber is reported to be used in this case as a backup to the 

tail gas thermal oxidisers. 

 

Economics 

It is claimed that the recuperation of the ammonia can never pay back the installation cost. 

 

Driving force for implementation 

Odour abatement and emission reduction. 

 

Example plants 

Five ethanolamine manufacturing plants in Europe. 

 

Reference literature 

Ref. 11330 Cefic, Questionnaires for data collection. 

 
5.4.4.2.2 Optimised reaction pressure maintained 

 

Description 

Determine the optimum operating conditions (e.g. temperature, pressure residence time, 

ammonia addition rate) to produce the desired mix of mono-, di, tri, ethanolamines  

 

Technical description 

The reactions are carried out under pressure in order to ensure that the ammonia remains 

liquefied. A pressure control system is employed. Reactor pressure is maintained over the 

vapour pressure of the mixture. Low-pressure trip protection is incorporated, pressure control 

and monitoring is done continuously by distributed control systems (DCS).  

 

In the event of a leak, there could be a loss of pressure and therefore of ammonia. 

 

Achieved environmental benefits 

Higher reaction yield and lower waste or by-products generated. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Generally applicable 

 

Economic: 

 

Driving force for implementation 

 

Example plants 

All plants. 

 

Reference literature 

Questionnaires for data collection. 

 
5.4.4.2.3 Reducing ammonia loss by leakages 

 

In the event of a leak, there could be ammonia losses, so measures that are adopted to minimise 

fugitive emissions will also help to reduce ammonia consumption. These are described in  more 

detail under the heading ʻTechniques to prevent/reduce VOC emissions related to the 
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process and plant designʼ in the section on generic techniques in this document and the CWW 

BREF. 

 

5.4.5 Techniques to reduce energy consumption 
 

The overall energy consumption of the process(es) will largely depend upon the energy required 

for a number of key energy-intensive operations, and this chapter investigates these, and the 

techniques that might be employed to help reduce the overall energy consumption associated 

with these operations. The techniques available for reducing the energy demand associated with 

the various separation processes are outlined below. 

 

5.4.5.1 Techniques to reduce energy consumption for ammonia recovery 
and ethanolamine fractionation 

 

 Control of ammonia and water levels. 

 Distillation column design. 

 Recovery of exothermic heat through the generation of low pressure steam. 

 Heat integration. 

 Application of pinch technology. 

 Energetically coupled distillation. 

 Recovery energy from vent streams. 

 
5.4.5.1.1 Control of ammonia and water levels 

 

Description 

Limiting the ammonia and, in the case of the aqueous process, water excesses will reduce the 

energy required for their recycling, but this may compromise the reaction and therefore safety. 

 

Technical description 

The highest NH3 concentration is used to reduce water level at the NH3 absorption design limit. 

Operators make use of DCS or mass flow meters for the control of either ammonia or water 

excess, depending on the process type (aqueous or anhydrous). 

 

Achieved environmental benefits 

Reduction in energy consumption. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Generally applicable 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

Questionnaires for data collection. 

 
5.4.5.1.2 Recovery of exothermic heat  

 

The reaction of ammonia and ethylene oxide is exothermic, so there is an opportunity to recover 

heat, particularly as the distillations are performed under vacuum in order to avoid co-product 

quality deterioration. There are various opportunities to use the reaction heat for different 
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energy requirements on site. Application could be optimised by achieving heat integrity 

throughout the site. See the section on generic techniques. 

 

a) Distillation column design 

 

Technical description 

A column with a good inherent separation capability might reduce the required reflux ratio, 

thereby reducing the vaporisation requirement, although the availability of greater separation 

potential may be used to improve product quality. High-efficiency packing is a commonly 

applied practice. 

 

b) Energetically coupled distillation 

 

Technical description 

Using heat wasted from one column as a (partial) input of heat to another column; potential 

differences in vacuum levels might affect temperature differences. Pinch design and multi-effect 

dehydration is practised. Please refer to the CWW BREF for detailed information.  

 

5.4.5.2 Techniques to reduce energy consumption for vacuum generation 
 

 Water-free vacuum systems. 

 Techniques to prevent/reduce VOC emissions related to the process and plant design 

(Plant integrity). 

 Heat integration.  

 Application of pinch technology. 

 Energetically coupled distillation. 

 

See the generic techniques section and the CWW BREF. 

 

5.4.6 Techniques to reduce water consumption 
 

5.4.6.1 Techniques to reduce process water consumption in the aqueous 
process 

 

Multiple use and recirculation operations 

The consumption of water can be reduced by recycling the water that is separated from the 

ethanolamines. This obviously involves the use of energy as its major cross-media effect. This 

technique is elaborated on in Section 2.4 Generic Techniques. 

 

Optimise purge rate 

Purge water is either recycled to the reaction or the stream is distilled according to the product 

quality preferences.  

 

5.4.6.2 Techniques to reduce water consumption associated with vacuum 
generation 

 

Water-free vacuum generation 

 Where liquid ring pumps using water as the ring liquid are used, the water can be 

recycled. This would probably have to be cooled, and if this is done in open towers, 

there is a possibility of diffuse emissions to air. In reported cases, liquid ring pumps 

without water are used. 

 

Multiple use and recirculation operations  

 Where steam ejectors are used, the condensate that results is recycled. However, the 

opportunity for such an approach might be limited by contamination issues. See the 

generic techniques section for details. 
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5.4.7 Techniques to reduce waste generation 
 

5.4.7.1 Control of reaction conditions to handle poly-ethanolamine by-
product (aqueous process) 

 

[Request to TWG: EIPPCB view is that production of PEA needs to be minimised.  Also that 

the loss of higher value products in TEA/PEA mixture needs to be avoided. We assume PEA is 

not a waste unless its quality is very poor; therefore the quality of this output may also be an 

issue. Minimisation of PEA will lead to more efficient raw material consumption rather than 

better overall efficiency. Please indicate whether you are in agreement.] 

 

Description 

Control reaction conditions to minimise PEA production. 

 

Technical description 

One way to reduce the generation of PEA is to control the conditions in the reaction to adjust 

the formation of different levels of MEA, DEA and TEA. For this, operators adjust the ratios of 

EO, ammonia and water while varying the recycle rate and controlling the pressure and 

temperature. Application is mainly dependent on the preference of the operator on the product 

spectrum. 

 

Achieved environmental benefits 

Higher reaction yield with lower levels of waste and by-product generation. 

 

Environmental performance and operational data 

By use the technique, it was reported that a reduction of PEA down to the level of 0.5 kg/ton of 

Ethanolamines is achievable. Higher magnitude of PEA levels were also reported depending on 

the commercial needs of product split. 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Applicable for plants that use aqueous process route. 

 

Economics 

Controlling the reaction conditions will improve efficiency and may reduce the PEA generation, 

which is a by-product but also a loss from the desired product spectrum. However, it could also 

be of economic value since the PEA/TEA mixture can either be sold for beneficial use, or be 

combusted as a fuel. 

 

Driving force for implementation 

 

Example plants 

Plants that use aqueous process route. 

 

Reference literature 

Questionnaires. 

 

5.4.7.2 Techniques to reduce the catalyst's impact on the environment 
(anhydrous process) 

 

Catalyst is used in the anhydrous process and will need to be periodically wasted or regenerated. 

Catalyst performance has an effect on the production rate and its performance should be 

maintained. Techniques regarding catalysts include but are not limited to: 

 

 catalyst selection; 

 catalyst degradation; 
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 catalyst regeneration off site to recover valuable compounds.  

 

Techniques regarding catalysts are common in the chemical sector and more detailed 

information can be found in the CWW BREF. 

 

5.4.8 Techniques to reduce other than normal operating conditions 
 

Other than normal operating conditions may generate increased or different emissions (both 

types and values). The measures that are taken to minimise their occurrence and their impact 

can be found in the LVOC BREF generic chapter. Operating conditions such us shutdowns and 

start-ups deviate from normal operations, but are, similar to other production processes. 
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5.5 Emerging techniques 
 

[Note to TWG: the EIPPCB has developed some contents for the emerging techniques sections 

of the BREF. Neither the data collection questionnaires nor TWG members' spontaneous 

comments have provided sufficient information for the current BREF review on this topic. 

Therefore, TWG members are invited to complete the information collected by the EIPPCB: 

 The contents are presented in a tabular format in accordance with the BREF guidelines 

((2012/119/EU) 

 In some cases the technique has been identified as emerging but there is a lack of 

information to complete the fields to describe it] 

 

5.5.1 Aminonitrile process 
 

[Request to TWG: please provide further information on this topic.] 

 

Description 

 

Commercially developed 

 

Level of environmental protection 

 

Cost savings compared to existing BAT 

 

Chance of becoming BAT in the future 

 

When it might become commercially available 

 

References 
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6 TOLUENE DIISOCYNATE (TDI) AND METHYLENEDIPHENYL 
ISOCYANATE (MDI)  

 

6.1 General information 
 

[Request to TWG: please check the production capacity information and the detailed list of 

production sites set out in Table 6.1 and provide updates and corrections where appropriate.] 

 

Toluene diisocyanate (TDI) and methylenediphenyl diisocyanate (MDI) are high tonnage 

products, which together comprise about 90 % of the total diisocyanate market. The 

predominant use of TDI and MDI is in the manufacture of polyurethanes. Polyurethanes are 

produced by reacting diisocyanates with polyols and other chemicals.  

 

One of the trends in polyurethanes is the gradual replacement of TDI with the less volatile MDI 

or polymeric MDI (PMDI) in many applications. Elimination of chlorinated fluorocarbon (CFC) 

blowing agents and the reduction of emissions of volatile organic compounds (VOCs) have 

been ongoing.  

 

The term polymeric MDI is a misnomer as it is not a polymer. It is a liquid containing a mixture 

of monomeric MDI isomers and oligoisocyanates. Oligoisocyanates are sometimes incorrectly 

referred to as oligomers. For some product applications it is necessary to refine the mixture by 

distillation and/or crystallisation to form pure MDI, which is a solid at ambient temperature. In 

2013, the ratio of production levels of polymeric MDI to pure MDI that is manufactured is 

about 4:1. This ratio, and particularly the relative tonnages of modified MDI produced, will 

depend on the prevailing applications into which they are sold. 

 

Often the TDI or MDI plants are integrated in sites that also include either the downstream 

polyurethane polymerisation plant or the upstream phosgene plant. This factor needs to be taken 

into account because the emission control and abatement devices will normally be shared with 

these other plants. 

 

 Where the TDI or MDI plant is co-located with the phosgene plant, the shared vent 

treatment device will normally receive vent streams from the phosgene plant that 

contain phosgene, CO and other pollutants. 

 Where the TDI or MDI plant is co-located with the polyurethane polymerisation plant, 

mercury used and emitted by these plants needs to be taken into account. (It should be 

noted that the Intergovernmental Negotiating Committee for a global legally binding 

instrument on mercury operating under the United Nations Environment Programme is 

seeking to phase out processes using mercury catalysts). The polyurethane 

polymerisation used to operate using mercury-based catalysts but alternatives catalysts 

systems are being developed. 

 

In 20YY, the production capacity of TDI in Europe was ## million tonnes, which was XX % of 

global capacity. For MDI, the production capacity in Europe was ## million tonnes, which was 

XX % of global capacity. European production of TDI and MDI is summarised in Table 6.1 

below. 
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Table 6.1: European producers of TDI and MDI  

Country City Operator Product Capacity 

(kt/year) 

Belgium 

 

Antwerp 

 

Bayer 

 

TDI (
2
) closed 

MDI 26 

Belgium Antwerp BASF MDI 560 

France Pont de Claix Vencorex TDI 120 

France Lille Lyondell 

Rhodia 

TDI 175 

Germany Ludwigshafen (
1
) BASF TDI 300 under 

construction 

Germany Scwarzheide (
2
) BASF TDI 80 closure 

planned 

Germany 

 

Brunsbuttel (
1
) 

 

Bayer 

 

TDI 135 expansion 

to 150 kt 

MDI 200 

Germany Dormagen (
1
) Bayer TDI 90 rebuild to 

300 kt 

Germany Leverkusen Bayer TDI  

Germany Krefeld Bayer TDI  

Germany Krefeld Bayer MDI 200 

Germany Stade Dow MDI 230 

Hungary Kazincbarcika BorsodChem TDI 250 

Hungary Kazincbarcika BorsodChem MDI 240 

Italy Porto Marghera (
2
) Enichem TDI Closed 

Italy Brindisi Enichem MDI 70 

Netherlands Rozenburg Huntsman MDI 400 

Poland Bydgoszcz (
2
) Zachem SA TDI closed 

Portugal Estarreja DOW MDI 150 

Spain 

 

Tarragona 

 

Bayer 

 

TDI 18 closed 

MDI 150 

(
1
) Proposed expansion  

(
2
) Closed or proposed closure 

 

In 2013, the number of global TDI enterprises is over 30 with more than 40 sets of TDI 

production lines. The total production capacity is 2.1 million tonnes per year and is mainly 

located in Asia, Europe and the United States. With most of TDI’s output going into the 

furniture and automotive sectors, demand is sensitive to economic activity. Arising from the 

economic downturn, demand for flexible polyurethane foams fell in 2009 by between 5 % and 

20 % in the United States and western Europe. In stronger economies, the fall was more limited 

less than 5 %.  

 

Technology breakthrough on process developments is acting as a business game changer. In 

Europe, the most competitive operators are building more efficient and larger plants (up to 300 

k t/y) and this is leading to the closure of smaller plants that are becoming less profitable.  

 

Key Environmental Issues 

 

The key environmental issues for the production of TDI and MDI are as follows. 

 

 The potential emissions from MDI and TDI plants are some of those that are the most 

harmful to human health and the environment, i.e. dioxins, phosgene, Cl2, HCl and 

other halogenated compounds. The major environmental emissions to air from the 

isocyanates process are generated in the phosgenation reactions. There is normally a 

shared vent system and end-of-pipe treatment unit to abate these emissions. There are 

also emissions to air from storage and from fugitives with the same nature: VOCs, 

halogenated compounds and dioxins.  
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 Both the MDI and TDI production processes have an initial step (nitration and 

condensation) that generates a specific effluent. The plant needs to include processes to 

reduce or reuse this effluent. The other aqueous effluents generated by the different 

process units are normally pretreated at the source then managed collectively and sent 

to a common waste water treatment unit. This stream normally contains halogenated 

compounds, dioxins and nitrates in the case of TDI. Other liquid streams generated by 

the process are seldom commercialised and are thus normally incinerated. 
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6.2 Applied processes and techniques 
 

6.2.1 Process options 
 

TDI and MDI/PMDI are produced by similar processes which include the phosgenation of an 

appropriate primary amine isomer mixture TDA or MDA.  

 

The basic steps in a TDI plant are the nitration of toluene, followed by hydrogenation to 

produce toluenediamine (TDA). TDA is then reacted with phosgene to produce TDI, with HCl 

as a by-product. 

 

The basic steps in a MDI plant are firstly a condensation reaction between aniline and 

formaldehyde to produce MDA and oligomers (PMDA). This is followed by neutralisation and 

phosgenation stages. The product is then fractionated. 

 

The principal process options are liquid phase or gas phase phosgenation. The most commonly 

applied is liquid phase phosgenation. However, in recent years much effort has been put into 

producing the major aromatic diisocyanates TDI and MDI/PMDI by non-phosgene processes. 

The liquid phase phosgenation process is the only process described in detail in the subsequent 

sections of this chapter. The other processes are reviewed briefly below. 

 

The world’s leading isocyanate producers for polyurethane applications are BASF, Bayer, Dow, 

Enichem, Huntsman, ICI, Lyondell Chem. Technologie, and Mitsui. TDI and MDI/PMDI are 

manufactured via similar processes featuring exclusively phosgenation of the appropriate 

primary amine isomer mixtures, TDA and MDA. In figure 6.1 the shadowed areas show the 

scope of this chapter. 

 

 

Figure 6.1: MDI and TDI routes with respect to other Large Volume chemical processes  

 

The following are the most common routes for the production of TDI: 

 

a) The typical liquid phase phosgenation process consists either of a semi-continuously 

operated cascade of agitated vessels or a continuously operated series of reaction towers 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 6 

SH/TS/EIPPCB/LVOC Draft 1 April 2014 239 

at normal or slightly elevated pressures and temperatures between 20 ºC and 180 ºC 

with the use of an inert solvent. The reaction proceeds efficiently, without the need to 

apply any catalyst, if a large excess of phosgene (50–200 %), high dilution, and an 

intense and rapid mixing of the reactants are maintained in the process.  

 

b)  The gas phase phosgenation process results in significant savings on solvents, leading 

to operating cost savings due to a reduction in the energy consumption required to 

process the much smaller volume of solvent during distillate recovery. The much 

shorter residence time of TDA and phosgene in the reactor reduces the required 

phosgene process inventory considerably. Further benefits are significantly greater 

reactor throughput per unit time (space-time yield) and the ability to downsize key plant 

components. These size reductions lead to additional investment cost savings. The gas 

phase technology also provides improved reaction selectivity, generating fewer by-

products. This route avoids the use of phosgene and waste recovery problems associated 

with HCl. Process safety is improved by the reduction in both phosgene and solvent 

inventories within the process. A further safety enhancement is the ability to start up 

and shut down the gas phase process quickly. 

 

c)  In recent years much effort has been put into producing the major aromatic 

diisocyanates TDI and MDI/PMDI by non-phosgene processes. This is because of the 

highly reactive, poisonous, and corrosive nature of phosgene gas and the formation of 

large volumes of HCl. Because of environmental and safety issues concerning phosgene 

production, some producers have introduced alternative production methods for 

isocyanates and polycarbonates.  

 

For that reason several novel processes have been developed that do not use phosgene 

and often are not based on amines as starting materials. In many cases the efficiency 

and stability, as well as the operating life of the homogeneous or heterogeneous 

catalysts, is a significant issue. 

 

[Note to TWG: EIPPCB are considering moving this block to emerging technique section] 

 

Dimethyl carbonate (DMC) is thus considered a prototype example of a green reagent, since it is 

non-toxic, made by a clean process, is biodegradable and it reacts in the presence of a catalytic 

amount of base, thereby avoiding the formation of undesirable inorganic salts as by-products. 

 

 Enichem recently announced that a pilot plant was planned for the phosgene-free two-

step manufacture of TDI from TDA using dimethyl carbonate (DMC) to catalytically 

produce the urethane at 160–170 ºC (100 % conversion of TDA, 95 % selectivity for 

urethane), followed by cracking of the urethane in the gas phase at 400–450 ºC. 

 ICI disclosed a process in which organic isocyanates (e.g. TDI) were prepared via the 

corresponding carbamates in high yield and selectivity by treating an amine (e.g. TDA) 

with DMC in the presence of a catalyst. 

 A recent patent (US 6,992,214 B2, Jan. 31, 2006) assigned to Dow Global Technologies 

discloses an integrated process for producing TDI from TDA and DMC. The process 

chemistry is not new involving the intermediate production of the toluene diurethane 

(TDU) via reaction of TDA with DMC in the presence of a zinc catalyst followed by 

thermal decomposition of the TDU to TDI and methanol. 

 

There is a good example in the polycarbonate business which happens to be similar in many 

aspects to the polyurethane one. Polycarbonate producers jumped to the DMC route two 

decades ago and all new polycarbonate investment avoids phosgene usage. Regarding 

polycarbonates, General Electric (now ʻSabicʼ in Cartagena, Spain), Bayer (Antwerp, Belgium) 

and Asahi Kasei (Taiwan), have introduced new non-phosgene-based manufacturing units. 

These companies take a phosgene-free route using diphenyl carbonate as the carbonylation 

agent. Aside from health and safety advantages, these non-phosgene processes may also lead to 
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reduced costs for polycarbonate production. Reduced costs result from the elimination of 

solvents and lower fixed capital investment. 

 

DMC Enichem/Polimeri Europa technology has been licensed to General Electric Japan for a 

DMC/DPC unit at Chiba (DMC unit was 11.7 kt/yr capacity and started up in 1993) and 

General Electric España for a DMC/DPC unit at Cartagena (DMC unit was 48.3 kt/yr capacity 

and started up in 1998; in 2004 the total capacity increased to 96.6 kt/yr with the start-up of a 

second unit). DMC has been proven to perform advantageously as a substitute for phosgene in 

several reactions. A non-phosgene process for the melt polymerisation production of aromatic 

polycarbonates has been established commercially. 

 

Phosgenation in the context of TDI production is always part of an integrated process. This 

should not to be confused with stand-alone phosgene production units which fall under the 

Inorganic Chemical BREFs. The process for phosgene production, which is not covered here, is 

an exothermic, gas phase, catalytic reaction between chlorine and carbon monoxide, although a 

number of other process routes are used. In 2013, about 75–80 % of global phosgene was 

consumed for isocyanates, 18 % for polycarbonates and about 5 % for other fine chemicals.  

 

Industrial production is by catalytic reaction of anhydrous chlorine gas with high-purity carbon 

monoxide. The vast majority of phosgene production is consumed on site in the manufacture of 

di- and polyisocyanates and polycarbonate resins. Toluene diisocyanate (TDI), 

methylenediphenyl diisocyanate (MDI) and polymeric MDI and polymethylene polyphenyl 

isiocyanate (PMPPI) account for 80 % of phosgene demand. Phosgene demand for TDI is 

expected to grow 1.5 % annually over the next few years. MDI is used in reaction injection-

moulding systems, coatings, adhesives and sealants, thermoplastic resins, elastomers and 

spandex fibres. PMPPI is used primarily in the production of polyurethane resins for rigid 

polyurethane foams. Phosgene consumption (for combined MDI and PMPPI) increased by 

about 5 % per year from 2003 to 2006.  

 

Phosgene continues to find increasing use as the demand for fine chemicals increases from 

pharmaceuticals and agrochemicals manufacturers. Several companies have specialised in the 

manufacture of phosgene derivatives for pharmaceutical and agricultural end uses. These 

producers include PPG Industries, VanDeMark, Great Lakes Chemical and Hatco. In the short 

term, phosgene processing is tied to demand for isocyanates. However, the trend to replace 

phosgene with less toxic reactants is set to continue. 

 

6.2.2 Basic process steps 
 

6.2.2.1 TDI process 
 

The basic steps in a TDI plant are the nitration of toluene, followed by hydrogenation to 

produce toluenediamine (TDA). TDA is then reacted with phosgene to produce TDI, with HCl 

as a by-product. 

 
6.2.2.1.1 Nitration of Toluene  

 

Nitration is a liquid organic/aqueous phase reaction; it is a continuous and two-step process. The 

toluene reacts at 45–70 ºC with nitrating acid (a mixture of sulphuric acid, nitric acid and 

water). This forms, as main products, a mixture of 2,4-dinitrotoluene and 2,6-dinitrotoluene, 

along with other by-products such as the 2,3 and 3,4 isomers. The reaction product is separated 

from the spent acid in a phase separator. 

 

The used acid is purified and concentrated for reuse.  The mixture of dinitrotolunenes is 

processed in an alkaline scrubber using water, or sodium carbonate solution and further fresh 

water.  It is then further purified by crystallisation.  The technical grade of dinitrotoluenes is 

purified by alkaline wash without any further crystallisation.  
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6.2.2.1.2 Hydrogenation 

 

Hydrogenation is a catalytic exothermic gas/liquid/solid phase reaction. Dinitrotoluene is 

reduced to toluenediamine (TDA) by a continuous hydrogenation process using a metal catalyst. 

Hydrogenation can be single or multi stage, with or without organic solvents (e.g. alcohol) and 

takes place at reaction temperatures of up to 200 ºC and pressures of up to 8 000 kPa.  

 

If a two-stage hydrogenation process is applied; then the second hydrogenation stage may take 

place at lower pressure and without any solvent as metal catalysts (e.g. Raney nickel or 

palladium) may be used. A side reaction may lead to the formation of trace amounts of 

ammonia and toluidines. Isopropanol, when used in the reaction mixture, reacts with the 

ammonia to form isopropylamine.  

 

The reaction product is separated into a TDA-rich product stream. The residual catalyst is 

removed by filtration or centrifugation. (If a solvent is used, this is recovered by distillation). In 

the subsequent distillation units, the TDA is dewatered and rectified to a mixture of 2,4-TDA 

and 2,6-TDA. A higher-boiling residue may be separated and remains for disposal.  

 
6.2.2.1.3 Phosgenation 

 

Toluene diisocyanate (TDI) is always produced by the reaction of phosgene with TDA in a 

cascade of reactors. Generally a 25–50 % solution of phosgene or pure phosgene is added to a 

10–20 % solution of TDA in an inert organic solvent (such as o-di-chlorobenzene).  

 

In the first reaction (‘cold’ phosgenation) stage, TDA reacts at low temperatures with phosgene. 

Efficient mixing is achieved by high turbulence and possibly by recirculation. The resulting 

slurry of carbamyl chlorides and amine hydrochlorides is heated in the ‘hot’ reaction stage with 

excess phosgene until a clear solution of TDI is obtained.  

 

The by-product nydorgen chloride and excess phosgene are vented at high temperature to 

prevent recombination of hydrogen chloride with TDI.  Hydogen chloride and phosgene are 

recovered.  The purified hydrogen chloride may be marketed or oxidised to chlorine by 

electrolysis for further recuse in the phosgene production step. 

 

For process reasons, HCl sent to electrolysis must be free of o-di-chlorobenzene.  TDI is 

purified by fractional distillation.  The recovered solvent can be recycled.  The distillation 

residues require disposal.  The waste gas, maybe containing some phosgene, is fed to a waste 

gas treatment facility (e.g. hydrolysis in a scrubber with water or NaOH giving 99.9% removal 

efficiency). Organic solvents from scrubber vents may be delivered to incineration to destroy 

any trace of organic solvent or may be adsorbed on activated carbon.  Waste gas from the first 

reaction stage is flared. 

 

HCl is generated as a by-product in similar amounts (e.g. in a 70 kt/yr TDI plant as much as 57 

kt/yr of HCl can be generated) 

 

6.2.2.2 MDI process 
 

The first basic step in a MDI plant is a condensation reaction between aniline and formaldehyde 

to produce MDA and oligomers (PMDA). This is followed by neutralisation and phosgenation 

stages. The product is then fractionated. 

 
6.2.2.2.1 Condensation 

 

MDA and oligomers (PMDA) are produced by the acid-catalysed condensation of aniline 

(C6H7N) with formaldehyde (CH2O). The aniline is normally fed with some methanol content.  
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The reaction of aniline with formaldehyde can be carried out in a single reactor. However, most 

commercial processes probably use multiple reactors, which provides greater control of the 

MDA isomer distribution and oligomeric content of the final product. 

 

The initial reaction of aniline with formaldehyde produces N-methylolaniline (C7H9NO). The 

reaction does not lead to a single product, but to a mixture of 4,40-, 2,40-, and 2,20-isomers and 

oligomeric MDAs. The amounts of MDA isomers and oligomers formed depend on the ratios of 

aniline, formaldehyde and acid used, as well as the reaction temperature and time.  

 
6.2.2.2.2 Neutralisation 

 

Neutralisation is done with the addition of caustic soda and leads to the formation of two 

phases. The organic phase that contains PAPA undergoes purification steps (distillation and 

nitrogen injection) to remove unreacted aniline. The aqueous phase with salt (brine) will follow 

several steps to remove aniline and methanol prior to its release to a shared waste water 

treatment unit. 

 
6.2.2.2.3 Phosgenation 

  

The PMDA mixtures are normally treated with phosgene to produce the corresponding 

isocyanates and HCl by-product. These isocyanate mixtures, commonly called polymeric MDI 

(PMDI), are sold directly and have varied chemical compositions. The 4,40-MDI can be 

separated from the PMDI products by distillation or crystallisation. The amount of 4,40-MDI 

that is removed depends on marketing conditions.  

 

NH2-C6H4-CH2-C6H4-NH2 + 2 COCl2 -> OCN-C6H4-CH2- C6H4-NCO + 4 HCl 

 

The reaction to produce isocyanate takes place in the solvent monochlorobenzene (MCB). The 

reaction blend goes to the processing section where the phosgene and MCB are removed at a 

higher temperature and lower pressure. 

 

Fractionation. The product is finally fractionated at low pressure. The bottom product has a 

relatively high content of polyfunctional isocyanate groups. It is stored in bulk as polymeric 

MDI. The 4-4' MDI (ʻpureʼ MDI) and the mother liquor, a mix of 4-4'MDI and 2-4' MDI is 

produced from the top product. The MDI, mother liquor and polymeric MDI are stored in bulk 

for internal processing or transportation to customers. 

 

Phosgene, MCB and/or HCl are separated from various residue flows. Phosgene and MCB are 

returned to the process. HCl is sold externally. HCl is generated as a by-product in similar 

amounts (e.g. in a 70 kt/yr TDI plant as much as 57 kt/yr of HCl can be generated) 

 

The residues are also viable commercial products. Commercially, a small amount of the 4,40-

MDA is isolated by distillation from PMDA. Depending on the process employed, the removal 

of MDA can be partial (as is done with the isocyanates) or total. Partial removal of MDA gives 

some processing latitude but yields of 4,40-MDA are reduced. Distillation residues from PMDA 

manufacture that contain less than 1 % MDA pose a disposal problem. Processes for the 

regeneration of MDA by heating these residues in the presence of aniline and an acid catalyst 

have been patented. Waste disposal of PMDA is expensive and reclamation processes could 

become commercially viable. The versatility of the isocyanate process, however, can be used to 

avoid the formation of low MDA content distillation residues. 

 

6.2.3 Other than normal operating conditions 
 

6.2.3.1 Specific other than normal operating conditions 
 

The plant may deviate from standard operating conditions for any of the following reasons. 
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 Corrosion, erosion issues or other flaws in the equipment can lead to greater than 

normal containment losses. In this type of plant there are several important pieces of 

equipment or components (reactor, columns and pipes) operating with a high 

concentration of acid. 

 Shared vent treatment unit (as incineration) system(s) are out of operation; 

 Malfunctioning of another end-of-pipe abatement technique (e.g. neutralisation). 

 The catalyst has reached the end of its life. 

 Leak to vacuum in purification. 

 Plugging, fouling due to tar, oligomers or catalyst. Plugging of heat exchangers, column 

internals will lead to flow issues and the streams' composition may also be affected. If a 

shutdown for maintenance is required, then increased emissions to air and water will be 

generated when emptying the plant. Pressure generated by this blockage may also lead 

to increased fugitive emissions. 

 

6.2.3.2 Generic other than normal operating conditions 
 

The plant may also deviate from standard operating procedures for any of the following reasons. 

 

 Routine start-up: This operating condition may last from a few hours to several days 

until steady state operating conditions are established. The plant will typically be in 

start-up mode for between 1 and 20 days per year. 

 Shutdown for maintenance: Maintenance activities such as equipment flushing can 

result in a higher load to the WWT and potential emission to surface water (rainwater) 

header. Plants may be in this mode from 1 to 30 days per year. 

 Idle. Unplanned partial stoppage. 

 Malfunction/shortage of cooling water and/or chilled water and/or other utilities. 

 Low plant rate due to force majeure. (These are problems with the final product 

consumption or raw material supply.) 

 Production rate above design values: the data collected for this BREF review reveal that 

no EU installation has recorded this operation during the last five years. 

 

See the Generic Chapter in the LVOC BREF. 

 

Example from a Dutch MDI permit: 

Emissions during other than normal operating conditions are limited to a maximum of 500 

hours per year. These are the emissions that occur during special circumstances, such as 

cleaning, failures and start up and shut down procedures. In comparison with the normal 

emissions these emissions during other than normal operating conditions take a large share of 

the total emissions. Therefore, a condition might be prescribed to these emissions through 

operating procedures of the factories. During start up and shut down the off-gas cannot be 

treated by the thermal oxidiser due to the high CO content of the gas stream at this time. 

 

6.2.4 Equipment important for environmental protection 
 

The following systems carry out important operations to protect the environment and should 

have the maximum possible availability. 

 

 For emissions to air: the shared vent gas treatment and gaseous HCl emergency 

scrubber. 

 For emissions to water: the shared liquid incinerator; waste water stripper and shared 

chlorinated organic treatment. 

 For residues: sludge separation and the solid incinerator or kiln (normally 

subcontracted). 
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6.3 Current emission and consumption levels 
 

The production of TDI and MDI involves several process steps as described in the previous 

sections.  

 

Figure 6.2 and Figure 6.3 are block flow diagrams that show (with red arrows) the major 

emission streams of these industrial chemical processes. 

 

 

Figure 6.2: Block flow diagram of a TDI manufacturing process 

 

 

 

Figure 6.3: Block flow diagram of a MDI manufacturing process 

 

There are several basic unit operations that are common to both TDI and MDI plants. 

 

 Both phosgenation units generate a by-product stream of HCl gas that can be recovered. 

However, this first needs to be separated from other components of the waste gas such 

as unreacted phosgene and solvent. 

 Both phosgenation units will be operated with a solvent, normally monochlorobenzene 

(MCB) and therefore include a solvent recovery unit to recycle the solvent. 

 Both plants may generate gums or oligomers when purifying intermediate or finished 

products. 

 

6.3.1 Emissions to air 
 

6.3.1.1 Emissions from the nitration section 
 

Emissions to air arising from the nitration unit are from: 

  

 the nitration reactor vent; 

 the contact evaporator vent; 

 the wash tank vent;  

 the alkaline scrubber vent; and  



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 6 

SH/TS/EIPPCB/LVOC Draft 1 April 2014 245 

 the catalyst recovery system. 

 

Monitoring is normally not applied to individual emissions but at the header of the shared vent. 

The composition on these vents stream includes VOCs (such as toluene), SO2 and NOX. 
 

Table 6.2: Example values of emissions from nitration to air 

Compound Ctotal CO NOX SO2 Nitrotoluene Toluene NOX 

Emission 

(mg/m
3
) 

3–36 24–132 12–250 20 0.7 45 109 

Source: LVOC 2003 BREF 

 

6.3.1.2 Emissions from the hydrogenation section 
 

Emissions to air arising from the hydrogenation section are from: 

 

 the hydrogen reactor vent; 

 the hydrogen recycle compressor purge; 

 the catalyst separator/recovery; and  

 the vent from the TDA distillation/vacuum system vent. 

 

Monitoring is normally not applied to individual emissions but at the header of the shared vent. 

The composition of these vents stream after the scrubber is shown in Table 6.3. 

 
Table 6.3: Example values of emissions from hydrogenation to air 

Compound Solvent TDA NH3 Isopropanol H2 Ammonia Toluidines 

Emission 

(mg/m
3
) 

12 4 7 (
1
) (

1
) (

1
) (

1
) 

N.B. (1): no data available 

Source: LVOC 2003 BREF 

 

A side reaction may lead to formation of traces of ammonia. Isopropanol, when used in the 

reaction mixture, reacts with the ammonia to form isopropylamine. Small amounts of hydrogen 

containing waste gases are reduced in a flare. 

 

6.3.1.3 Emissions from the phosgenation section 
 

TDA is reacted with phosgene in a solvent, usually o-dichlorobenzene or monochlorobenzene, 

to form crude TDI and hydrogen chloride (HCl). Off-gases from phosgenation contain 

phosgene, hydrogen chloride and, if applicable, o-dichlorobenzene solvent vapours and traces of 

TDI product. This type of stream is also generated in the MDI processes. Emissions to air 

arising from the phosgenation section are from: 

 

 the reactors vents; 

 the phosgene removal/recycling system vent;  

 HCl stream;  

 TDI phosgene recovery column top cut; 

 TDI purification bottom cut; 

 oligomers stream;  

 catalyst separator vent; and  

 TDI vacuum system vent. 

 

Gaseous emissions from the first reaction stage are flared.  

 

Hydrogen chloride and excess phosgene are vented at high temperature to prevent 

recombination of hydrogen chloride with the TDI product. Phosgene is condensed out of the gas 
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stream and recycled to the reactor. The overhead HCl stream from the condenser may still 

contain trace amounts of phosgene.  

 

Gaseous emissions from the distillation may also contain some phosgene; this is fed to a waste 

gas treatment facility (e.g. hydrolysis in a scrubber with water or NaOH giving 99.9 % removal 

efficiency). Organic effluents from scrubber vents may be sent to incineration, to destroy any 

trace of organic solvent, or adsorbed on activated carbon.  

 

Emissions of the o-dichlorobenzene solvent may occur at the residue separation vacuum jet vent 

and the vacuum jet vents associated with solvent recovery distillation, TDI flash distillation, and 

TDI purification distillation. It is estimated that only a small fraction of o-dichlorobenzene 

solvent utilised is released into the atmosphere. 

 

After o-dichlorobenzene is stripped out and recycled, the off-gases are likely to contain 

hydrogen chloride (that can be recovered), carbon tetrachloride and phosgene. The hot liquid 

residues from distillation may be treated for further TDI recovery and are then incinerated. 

 
Table 6.4: Example values of emissions to air from phosgenation 

Compound C total HCl dust SO2 Phosgene TDA NOX solvent 

Emission 

(mg/m
3
) 

2–20 30 11 20- 250 < 0.01 4 109 27 

Source: LVOC 2003 BREF 

 

Other potential pollutants to be found here are: COX, SOX, H2S, hexachlorobenzene, dust, 

carbon tetrachloride. Waste gases with low concentrations of diisocyanates can be treated by 

scrubbing with water (achievable concentration of < 5 mg/m
3
 diisocyanate) but no reasonable 

data are known. Small amounts of carbon monoxide containing waste gases are oxidised in a 

flare. 

 

Monitoring: It is important to recognise that MDI or TDI and related species may be converted 

very easily to the diamines MDA and TDA in some test systems and analytical procedures, 

especially when solvents are used. This can give rise to misleading results, since the chemical 

and biochemical reactions of the diisocyanates and diamines differ considerably. 

 

6.3.1.4 Emissions from shared end-of-pipe abatement systems 
 

It is common for MDI and TDI plants to have a shared vent treatment system. Generally, the 

waste gas streams from all processes (production of DNT, TDA and TDI) are treated to remove 

organic and acidic compounds. The emissions from the shared vent treatment systems are not 

necessarily specific to TDI/MDI production, e.g. because of fuel gas addition to the waste gases 

incinerator. 

 

There are a number of other vents from diverse sources, including: process vessels, loading 

facilities, process analysers, sampling connections, safety valves and maintenance vents. The 

vents usually contain valuable products (TDI, hydrogen chloride) diluted by non-condensable 

gases (i.e. carbon dioxide, nitrogen, oxygen).  

 

Potential process emissions from the production of isocyanate include phosgene, hydrogen 

chloride, aromatic and aliphatic solvents, aromatic amines, aromatic nitro compounds, 

isocyanates, nitrogen oxides and sulphur oxides. Carbon tetrachloride can be present as a result 

of the CO and methane content in the phosgenation section. Because these emissions include a 

number of toxic and corrosive chemicals, controls are necessary. The following tables show 

achievable values in European installations (emission limit values from permits).  
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Table 6.5: Example of a Polish TDI plant's ELVs for overall installation (75 kt/y) 

Pollutant Emission (t/yr) Emission (g/t TDI) 

HCl 2.98 38.7 

NO2 5.14 68.5 

SO2 0.60 8 

COCl2 0.87 11.6 

Isocyanates 0.004 0.05 

CO 137.80 1837 

PM 0.096 1.3 

 

 
Table 6.6: Example of a German TDI plant's ELVs for shared incinerator 

Pollutant Emission (mg/Nm
3
) 

TDI 20 

Dichlorobenzene 20 

TOC 50 

dust 20 

 

 

Table 6.7: Example of a Spanish MDI/TDI plant's ELVs for shared incinerator 

Pollutant (mg/Nm
3
) 

Total VOC 150 

VOC with R46,49,60,61 2 

VOC with R40 20 

 

 

Table 6.8: Example values of emissions to air from shared vent treatment systems 

Parameter mg/m
3
 

Phosgene 1 

Hydrogen chloride 10 

Diisocyanates (as total NCO Group) 0.1 

Oxides of sulphur (expressed as SO2) 300 

Oxides of nitrogen (from nitration process) 

expressed as NO2 

100 

Oxides of nitrogen (from combustion) expressed 

as NO2 

300 

Dust 20 

Volatile organic compounds (excluding dust)  

N.B. Reference conditions for achievable levels are 273K, 101.3 kPa 

Source: LVOC 2003 BREF 
 

Some German plants treat the waste gases by incineration or co-incineration, e.g. in the 

sulphuric acid reuse unit. One company reported that co-incineration yields higher emissions 

than adapted incineration. 

 

Absorber vent off-gas 

The reaction off-gases in the stream leaving the process absorber contain non-condensable 

components (nitrogen, oxygen, carbon monoxide, carbon dioxide and argon) as well as 

vaporised water and traces of organic contaminants. 

 

Residues incineration 

TDI and MDI plants may have facilities to incinerate process residues and facilities for reuse of 

hydrogen chloride. The incineration facilities will generate combustion flue-gases. Since there 

will be chlorinated compounds ex novo formation of dioxins is possible and should be 
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monitored. This is the plants' main channelled emissions stream and thus requires the most 

rigorous monitoring plan.  

 

6.3.1.5 Emissions to air with low VOC content 
 

In TDI and MDI plants, the plant design details will change depending on many factors. In some 

cases the plant will generate vent streams that contain acid gases but with very low or negligible 

VOC content. Examples of these streams are: 

 

 the vent from the HCl absorption column will contain mainly HCl, but traces or no 

VOCs; 

 the net vent from a distillation operation. 

 

The normal abatement for these vents would be a neutralisation system (sometimes referred to 

as a gases destruction node, e.g. in Poland) that could operate without an incinerator 

downstream if samples prove that this neutralisation outlet contains no dioxins or VOCs. 

 

6.3.1.6 Specific emissions to air in MDI vs TDI 
 

The MDI plant design is not that different from the TDI one with respect to the emissions to air. 

The overall design strategy will also include a shared vent treatment design that can cope with 

acid gases, VOCs and dioxins. In the MDI plant the shared vent treatment system is also the 

most important channelled stream. This system will include an incinerator here too. 

 

Emissions sent to this incinerator are similar to those from TDI plants: phosgene, solvents 

(MCB, o-DCB), chlorine, etc. In the MDI plant the other pollutants that may be sent to the 

incinerator are: aniline, ammonia and methanol. 

 

In the MDA production unit (condensation, neutralisation and purification), methanol might be 

released in the vents because it is fed with the raw materials. Amines and ammonia might also 

be released. 

 

In the phosgenation unit, HCl needs to be separated from the reaction effluent to recover it as 

with TDI plants. There will also be operations to recover solvent and excess phosgene. 

 

In both MDI and TDI plants, the incinerators of vents will be shared with incineration of liquid 

streams. The following table shows the capabilities of these shared liquid and gaseous 

destruction devices (ELVs from a European installation). 

 
Table 6.9: Emission limit values in a MDI plant in Portugal 

Pollutant Emission limit (mg/Nm
3
) (

1
) 

PM 30 

TOC 20 

HCl 60 

HF 4 

SO2 200 

NOX 400 

CO 100 

Hg 0.05 

Cd+Tl 0.05 

Metals 0.5 

Dioxins and furans 0.1 (
2
) 

N.B. (1) Values are expressed in 11 % O2, 273 K and 101.3 KPa; CEN method 

(2) ng TE/Nm3 

 

6.3.1.7 VOC emissions from fugitive emissions 
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Fugitive emissions to air are important since there are many parts of the process that operate 

under pressure.  

 

See the CWW BREF for more information. CEN has a standard for process-related fugitive 

emissions and is developing another one for storage- and transportation-related emissions. 

 

Fugitives will mainly consist of TDI (or MDI), phosgene, hydrogen chloride and volatile 

organic compounds.  

 

Due to their toxic nature, very low levels of TDI or MDI and hydrogen chloride in ambient air 

should be achieved. Sensitive detection systems are installed for continuous monitoring of 

ambient air quality. This is for occupational health reasons but has consequential environmental 

benefits; extensive measures have been taken to prevent releases. Preventative techniques are 

described in Chapter 6.4. 

 

See the CWW BREF on fugitive emissions. 

 

6.3.1.8 VOC emissions from storage 
 

Tanks and other storage assets are used for raw materials, consumables, end-products and 

intermediates. These are typically atmospheric storage tanks. These tanks can be geographically 

far apart in the plant layout in order to share an abatement technique with the main process 

streams. Tank vent gases are, in some cases, partially recovered by condensation (chilled water), 

and non-condensable gases are incinerated. Other processes use storage tanks blanketed with 

nitrogen, where vent gases are sent to the atmosphere or to an absorption column to remove 

hydrocarbons.  

 

 Composition: raw materials, products and co-products. 

 Monitoring: kg emitted per tonne of product or kg emitted per year. 

 

See the EFS BREF. 

 

6.3.1.9 Other emissions from combustion processes 
 

Steam boilers or hot oil furnaces that supply heating fluid utilities can be either dedicated to a 

TDI or MDI plant or shared with other nearby installations. These may also include the 

combustion of non-conventional (non-commercial) fuel, such as the tar stream generated in a 

fractionation section.  

 

Emissions from combustion processes will include SOX, NOX, COX, and dust. Further details on 

emissions from combustion processes can be found in the LCP BREF. 

 

 Amount: some public data available, e.g. from Ecoprofiles. 

 Other than normal operating conditions: dust emitted in shut blowing. 

 

6.3.2 Emissions to water 
 

Most TDI or MDI plants do not treat waste waters from the process separately from other waste 

water streams. The LVOC BREF will therefore cover the pretreatment at source or process-

specific matters prior to its discharge into the shared waste water treatment plant. The CWW 

BREF addresses the common waste water treatment steps downstream. 

 

TDI plants produce effluents that contain di and tri nitro-cresols that are toxic and have low 

biodegradability (are recalcitrant). MDI plants produce effluents that contain phenolic 

compounds, aniline, nitrophenols and ammonia. 

 

A Polish installation, of 70 kt/yr of TDI, generated as much as 800 m
3
/day of effluent. 
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Table 6.10: Limit values from a Polish TDI installation upstream of WWT unit 

Parameter unit Limit value (
1
) 

Temperature ºC 35 

pH  2–13 

TSS mg/l 114–533 

COD mg/l 200–264 

TOC mg/l 54–100 

Chlorides mg/l 198–10 577 

sulphates mg/l 116–11 148 

TDA mg/l 10 

Tetra chloromethane mg/l 1 

Tri chloromethane mg/l 1 

Surfactants mg/l 0.5 

NH4 mg/l 0.11–20 

N.B.(1) Depending on the downstream treatment the values are different 

 

The sources of waste water in these plants are detailed below.  

 

6.3.2.1 Emissions to water from waste gas treatment  
 

Throughout the plant there are numerous waste gas streams that are acidic and treated using 

caustic scrubbers. One of the largest contributors to the quantity of waste water could arise from 

the waste gas treatment system. 

 

Phosgenation of toluenediamines: Effluents from off-gas decomposition towers are slightly 

acidic and contain traces of o-dichlorobenzene solvent. New TDI processes are able to achieve 

release limits of 10 mg/l chlorobenzene and 10 mg/l o-dichlorobenzene 

 

In a TDI installation in the Netherlands, the waste gases from the preparation of the phosgene 

and MDI are neutralised in a caustic soda scrubber or hydrolysed, during which sodium 

chloride, carbonate and sometimes hypochlorite are formed. This is taken to the water 

purification plant (WPP) with other waste water after the MCB is removed in a steam stripper. 

Waste flows containing MCB are processed externally.  

 

6.3.2.2 Emissions to water from nitration 
 

Waste water arising from the nitration unit derives from the reaction (0.2 m
3
/t DNT), from the 

nitric acid used (0.37 m
3
/t DNT using 65 % HNO3, < 0.01 m

3
/t DNT using 99 % HNO3) and 

from washing the product. Waste water is released at the concentration/recovery of the sulphuric 

acid and at the washers. The main components are the organic products and by-products, 

namely di- and trinitrocresols, nitrate/nitrites and sulphates. The organic load is toxic and poorly 

biodegradable. 

 

The waste water from the nitration reaction will contain a number of organic and inorganic 

components.  

 

The inorganic components will include sulphates and nitrites/nitrates. Optimisation of the 

process can give emissions of < 10 kg nitrates /t DNT and much lower emissions of nitrites 

(before possible further removal by the biological treatment). Re-engineering of the process 

may raise process efficiency and lead to almost complete reduction of nitrite and a certain 

reduction of sulphate and nitrate. If highly concentrated nitric acid is used, the amount of waste 

water per product is considerably lower. 

 

The organic components will include products and by-products, namely di- and trinitrocresols. 

The organic load is toxic and poorly biodegradable. At a German plant this results in an effluent 

stream of 1.3 m
3
/t and 4 kg COD/t product DNT. Measured toxicity (luminescent bacteria) was 
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in the range of LID = 600–800. At another, older German plant the effluent stream after 

pretreatment (extraction) is 1 m
3
/t with COD 4 kg/t DNT, TOC 1 kg/t DNT, nitrate 14 kg/t 

DNT, nitrite 10 kg/t DNT and sulphate 23 kg/t DNT.  

 

6.3.2.3 Emissions to water from hydrogenation and phosgenation 
 

The hydrogenation and phosgenation units produce waste water from the production process 

and from cleaning operations. However, the pollutant load is much lower than that arising from 

the nitration unit.  

 
6.3.2.3.1 TDA purification 

 

In the hydrogenation unit, the waste water results from the reaction (0.6 m
3
/t TDA) and also 

from product purification. One of the common plant configurations includes distillation train 

downstream of hydrogenation and also after catalyst recovery. These distillation columns will 

generate several streams as recycling gas to reactor, purified TDA to phosgenation and aqueous 

stream to be treated before being sent to the WWT shared installation.  These streams will 

include: 

 

 Ammonia 

 Low-boiling hydrocarbons  

 Toluene  

 TDA 

 COD 

 Isopropanol 

 Nitroaromatic compounds. 

 
6.3.2.3.2 Fractionation unit 

 

The waste water arises from the fractionation unit downstream of the phosgenation reaction. 

Sources of waste water are: 

 

 overhead receivers of distillation columns; 

 vacuum system deposits; 

 others: adsorbers unit, shared gas treatment unit, etc. 

  

In the phosgenation unit, the amount of waste water at one German plant is about 8 m
3
/t TDI 

and contains TOC < 0.4 kg/t TDI prior to biological treatment. Unlike DNT and TDA, TDI in 

waste water hydrolyses and decomposes to insoluble ureas and carbon dioxide. TDI storage 

vessels may generate water emissions from the same sources as for air emissions. 

 

Specific emission values for waste water from a German nitration and hydrogenation unit are 

given in Table 6.11. 
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Table 6.11 Example values of emissions to water 

 

Total process (
2
) 

 

Manufacture of: 

TDI only (
1, 4

) TDA DNT 

per tonne of TDI per tonne of  

TDI 

per tonne of 

TDA 

per tonne of 

DNT 

Amount of 

waste water 

m
3
/t 6 4.4 0.7 0.9 

COD kg/t 6 1.3 1.0 4.6 

TOC kg/t 2 0.4 0.3 1.2 

Nitrate kg/t 15   20 

Nitrite (
3
) kg/t 10   14 

Sulphate kg/t 24   33 
(1)  At other sites waste water emissions approach zero by replacing wet waste gas treatment with incineration 

(2)  At other sites waste water emissions are reduced by replacing wet waste gas treatment with incineration 

(3)  Nitrite emissions are avoided at other sites by in-process measures 

(4)  Including waste water from storage tanks 

 

 

6.3.2.4 Condensation (MDI process) 
 

After completion of the reaction, the acidic PMDA is treated with aqueous sodium hydroxide to 

neutralise the excess acid. A large amount of salt is formed during this step; thus the plants must 

be located near an outlet capable of handling the generated salt water (normally by the coast). 

Processes that recycle the acid and eliminate the salt disposal problem have been patented. 

  

The organic layer is then washed with water and stripped to remove unreacted aniline and water. 

The unreacted aniline is recycled back to the beginning of the reaction. 

 

The aqueous stream (with brine) will normally follow several steps to remove methanol and 

aniline prior to its release to a shared waste water treatment unit. 

 

6.3.3 Raw material consumption 
 

The selectivity and conversion of the reaction of DNT to TDA is 98–99 %. Even though the 

technical literature still mentions, among others, the reduction by Fe/HCl, the reaction is 

generally carried out by catalytic hydrogenation. Significant progress has been made in reducing 

raw material losses through improved catalyst performance and further efforts are continuing, 

mainly driven by economic factors. The selection of the catalyst is intended to maximise the 

output of TDA. Once the catalyst is selected, the reaction is monitored carefully to: 

  

 optimise the yields, adjusting the temperature and the proportion of reactants; 

 maintain the high yields through frequent (even continuous) analysis of reactants. 

 

Some of the important factors to consider are: the gas distribution; the design and maintenance 

of cyclones and dip legs; operating instructions; facilities to avoid sparger plugging at shutdown 

or to blow the dip legs in case of plugging; the catalyst consumption, and the monitoring of 

temperatures and pressures.  

 

Raw material losses are also reduced through a well-designed TDI recovery system downstream 

of the reaction, and the selection of optimum conditions throughout the plant to avoid side 

reactions or degradation of the desired products. 

 
Table 6.12: Usages of a MDI plant 

Raw Material (kg/kg MDI) 

Chlorine 1.135 

Phosgene 1.582 
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Other materials that are used in this type of plant are: solvents, process water, sodium 

hydroxide, etc.  

 

6.3.3.1 Energy consumption 
 

The rate and type of energy usage of the plant will largely depend on the process design. 

Regional or local energy fees may lead to process changes in order to improve margins in the 

operating costs.  

 

A lower energy usage will lead to lower emissions to air related with combustion processes 

(such as 50 000 tonnes of CO2 emission per year in a medium size plant). 

 
Table 6.13: Energy usage in 1 kg of MDI plant  

Energy  (MJ/kg MDI) 

Electrical 15.4 

Oil fuels 27.6 

Others 48 

Total  90.9 
N.B. (1) Isopa data on Ecoprofiles 

 

Further information is available in the generic chapter of this BREF on: 

 Energy consumed in fractionation operations  

 Energy usage on compressors 

 Energy recovered from process heat. 

 

6.3.4 Water consumption 
 

The TDI production process does not consume water as a main raw material but as a 

consumable. A Polish installation of TDI (70 kt/yr) uses 420 km
3
/yr for process and 47 km

3
/yr.  

 

6.3.5 Co-products, by-products and waste generation 
 

TDI and MDI plants generate several waste streams. 

 

HCl is generated and normally isolated during phosgenation. 

 

Spent catalyst: Catalysts are used in nitration, hydrogenation and phosgenation. When catalysts 

reach the end of their useful life, these materials need to be analysed for dioxin content prior to 

determining the disposal route.  

 

Spent absorber: Activated carbon or similar materials used in absorption units are dedicated to 

treating phosgenation off-gases. A German TDI plant has an ELV of 50 t/yr (300 kt/yr per 

plant) for this type of material. 

 

Liquid streams from TDA purification: lighter compounds: TDA purification is normally 

carried out with a distillation train. The hydrogenation stage produces distillation residues. The 

hydrogenation unit produces 0.03 tonnes of residue per tonne of TDA. These residues are 

incinerated.  

 

Dimers and oligomers: These are produced in the purification stages of both TDI and MDI 

production. The crude TDI still contains some of the chlorobenzenes solvent in which it was 

reacted. This mixture (TDI and solvent) is transferred to a vacuum distillation column where the 

solvent is recovered and recycled. The remaining crude TDI is vaporised by vacuum flash 

distillation to separate TDI from any polymeric isocyanates that may have formed. The 

phosgenation unit produces 0.05 tonnes of these residues per tonne of TDI. These residues are 

incinerated. A German TDI plant has an ELV of 100 t/yr (300 kt/yr per plant) on mid-boiling 

point and 10 900 t/yr on tars. 
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MDI process: From a commercial standpoint, the most important reactions taking place are the 

formation of oligomers, i.e. the reaction of MDA with intermediate C or PBA. It is these 

reactions, which cannot be suppressed, that are responsible for the current development of MDA 

technology. MDA is formed slowly during the reaction and therefore is susceptible to further 

alkylation to form 2,4-bis (p-aminobenzyl)aniline (C20H21N3). Further alkylations produce an 

oligomeric mixture. 

 

Contaminated solvents:o-DCB 

 

Salts: The manufacture of MDA includes a neutralisation step downstream of the condensation 

reaction. Salt is produced by the addition of sodium hydroxide (NaOH). After completion of 

reaction, the acidic PMDA is treated with aqueous sodium hydroxide to neutralise the excess 

acid. A large amount of salt is formed during this step; thus the plants must be located near an 

outlet capable of handling the generated salt water (normally by the coast). 

 

Processes that recycle the acid and eliminate the salt disposal problem have been patented. In 

these processes, the organic layer is washed with water and stripped to remove unreacted aniline 

and water. The unreacted aniline is recycled back to the beginning of the reaction. The aqueous 

layer then undergoes several further steps to remove methanol and aniline prior to discharge to 

the WWT unit. 

 

Others: The use of concentrated sulphuric acid may generate corrosion products based on iron 

sulphate. For aromatic amines, the urea by-products can be dehydrated by phosgene to form 

carbodiimides, which then react with excess phosgene to give N-chloroformylchloro-

formamidines; cycloadducts of carbodiimides with isocyanates are also formed. 
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6.4 Techniques to consider in the determination of BAT 
 

This section describes techniques (or combinations thereof), and associated monitoring, 

considered to have the potential for achieving a high level of environmental protection in the 

activities within the scope of this chapter. The techniques described will include both the 

technology used and the way in which the installations are designed, built, maintained, operated 

and decommissioned. 

 

It covers process-integrated techniques and end-of-pipe measures. Waste prevention and 

management, including waste minimisation and recycling procedures are also considered, as 

well as techniques that reduce the consumption of raw materials, water and energy by 

optimising use and reuse. The techniques described also cover measures used to prevent or to 

limit the environmental consequences of accidents and incidents, as well as site remediation 

measures. They also cover measures taken to prevent or reduce emissions under other than 

normal operating conditions (such as start-up and shutdown operations, leaks, malfunctions, 

momentary stoppages and the definitive cessation of operations). Cross references to other 

chapters are used, where relevant to avoid repetition. 

 

Annex III to the Directive lists a number of criteria for determining BAT, and the information 

within this chapter will address these considerations. As far as possible, the standard structure in 

Table 2.3 is used to outline the information on each technique, to enable a comparison of 

techniques and the assessment against the definition of BAT in the Directive. 

 

This chapter does not necessarily provide an exhaustive list of techniques which could be 

applied. Other techniques may exist, or may be developed, which could be considered in the 

determination of BAT for an individual installation. Specific techniques will contain a 

description in this chapter and generic techniques will either have a description in the generic 

chapter of this LVOC BREF (Section 2.4) or in other relevant BREFs e.g. CWW, REF or LCP. 

 

Many of the techniques used in this process to protect the environment are a shared device and 

end-of-pipe type of protection. The generic or horizontal techniques used in TDI or MDI 

processes to prevent and minimise emissions to air and water, and waste generation are also 

used in the process to manufacture VCM (e.g. vent treatment systems). The nature of the 

pollutants and the composition of the streams are also similar (e.g. chlorinated compounds, 

VOCs) Since the amount of data provided in the VCM process largely exceeds the data 

collected for TDI/MDI, this chapter will cross-reference to the VCM chapter when necessary 

and appropriate. 

 

6.4.1 Techniques to reduce emissions to air 
 

6.4.1.1 Emissions from nitration section 
 

There are several techniques that might be applied solely to the nitration or hydrogenation 

streams. 

 

Nitration process optimisation to reduce the generation of emissions 

 See ʻprocess optimisationʼ in Section 2.4 – Generic techniques to consider. 

 

Caustic scrubber applied to nitration section 

 See the LVOC BREF Section 2.4 – Generic techniques to consider. 

 Description: Nitration reactor vents are scrubbed (in a weak caustic solution). 

 Reference literature: 2003 LVOC BREF, US EPA documents on phosgene. 

 

Wet gas scrubber and partial oxidation 

 See section 6.4.2.1.3 on the regeneration of spent nitration acid.. 
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 Description: Absorption with partial oxidation is used to oxidise nitrogen oxides and 

VOC. The VOC emissions are reduced by 99.8 %. Oxidation of NOX and dissolving in 

water gives nitric acid which can be reused.  

 Cross-media effects: The waste gases can be redirected to a combustion system because 

the absorption/oxidation unit is sensitive to troubles. 

 Reference literature: 2003 LVOC BREF.  

 

Selective catalytic reduction (SCR) 

 See the LVOC BREF Section 2.4 – Generic techniques to consider. 

 Description: Nitrogen oxide emissions and VOC emissions of a DNT plant should be 

reduced by selective catalytic reduction. Selective catalytic reduction may be used to 

reduce nitrogen oxides and VOC. 

 Environmental performance and operational data: The nitrogen oxide emissions of a 

DNT plant (100 tonnes/year) can be reduced by 99.5 % and the VOC emissions (48 

tonnes/year) reduced by 99.8 %. 

 Reference literature: 2003 LVOC BREF, World Bank. 

 

Other horizontal measures can also be applied. 

 

Condenser and post condenser 

 See the CWW BREF on condensers. 

 A larger condensing duty will reduce VOC emissions in the vent gas. A second 

condenser with chilled water, after the first cooling water one, improves the efficiency. 

Heat exchangers with refrigerant fluids such as propylene or ammonia, can reach lower 

temperatures (-20 ºC to -40 ºC) and minimise emissions to the shared vent treatment 

system. This type of exchangers has safety drawbacks though. 

 

Shared multi-component vent treatment system 

 Downstream of the techniques mentioned above, a shared abatement device can be 

applied. See the following sections on shared end-of-pipe abatement techniques. Some 

German plants decompose the waste gases by incineration and/or co-incineration.  

 Isopropylamine and/or other light compounds formed by a side reaction when 

isopropanol is used should be incinerated. 

 

6.4.1.2 Emissions from hydrogenation 
 

They are normally channelled to the shared vent treatment unit. 

 

6.4.1.3 Pre-treatment of emissions from phosgenation 
 
6.4.1.3.1 Phosgenation process optimisation to reduce the generation of emissions 

 

Description 
This is a group of process-related decisions (design and operational) that will lead to lower 

emissions to air generated from the reaction, and thus less load to be addressed by the gas 

recovery system downstream of the reaction section. 

 

Technical description 
Feedstock purity selection - the potential for carbon tetrachloride emissions depends on the 

purity of the carbon monoxide from the phosgene synthesis. Hydrogen chloride that is 

electrolysed for chlorine and hydrogen generation must be free of o-dichlorobenzene. Molar 

ratio: excess phosgene. 

 
6.4.1.3.2 Wet gas scrubbers 

 

Waste gas with low concentrations of diisocyanates should be treated by aqueous scrubbing. 

Unrecovered phosgene should be decomposed with alkaline scrubbing agents through packed 
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towers or activated carbon towers. Reference literature: US EPA phosgenation related 

documents, 2003 LVOC BREF, Ullmann's Encyclopedia of Industrial Chemistry. 

 
6.4.1.3.3 Recovery of solvent, HCl and phosgene 

 

The goal of the plant design is to recover, from the phosgenation reaction effluent, valuable 

material: HCl by-product, excess or unreacted phosgene and solvent (ODCB or other). The 

recovery of these materials will reduce emissions to air. The normal design of a TDI (and/or 

MDI) phosgenation unit will:  

 

 first separate HCl from solvent and phosgene; 

 depending on HCl end use, either purify or apply absorption with water to convert into 

aqueous solution; 

 separate phosgene from solvent to recycle both. 

 

The residual gases should be routed to the combined waste gas treatment where it will be 

combusted to convert phosgene to CO2 and HCl. The outlet gas should be continuously 

monitored for residual phosgene content. 

 

a) Absorption for phosgene 

 

Distillation is used to remove solvent. Scrubbers can remove > 99.9 % of the hydrogen chloride 

from off-gases. Hydrogen chloride evolved from the ‘hot’ phosgenation stage can also be 

recovered.  

 

b) Absorption of HCl 

 

Hydrogen chloride evolved from the ‘hot’ phosgenation stage should be recovered by scrubbers 

with > 99.9 % efficiency. 

 

c) Combining all of the above 

 

Hydrogen chloride and phosgene are recovered. The purified hydrogen chloride may be 

marketed or oxidised to chloride by electrolysis for reuse in the phosgene production step. For 

process reasons (amongst others, prevention of the formation of toxic hexa-chlorobenzene) HCl 

sent to electrolysis must be free of o-di-chlorobenzene. 

 

These are recycled to the process where possible.  

 

 

Figure 6.4: US EPA block flow diagram section of a TDI plant 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 6 

258 April 2014 SH/TS/EIPPCB/LVOC Draft 1 

Inlet stream nature: Crude TDI is sent to a distillation column for the removal of residual 

phosgene. After a series of distillation and condensation steps, the phosgene (from the crude 

TDI) is recycled to the phosgenation reactor. The phosgene overhead from this distillation 

column and the HCl and trace-phosgene stream from the reactor condenser are combined and 

sent to a column that absorbs phosgene with the o-DCB solvent. The solvent is then stripped of 

phosgene in a distillation column and recycled to the absorber. In modern phosgenation plants 

all of the hydrogen chloride produced is separated from excess phosgene and solvent and 

generally passed on to neighbouring plants or companies, via pipeline, which oxidise the 

hydrogen chloride to chlorine by electrolysis 

 

Reference documents: 

US EPA, World Bank, 2003 LVOC BREF, MDI plant in Portugal 

 

Other horizontal measures can also be applied. 

 

d) Condenser and post-condenser 

 

Off-gases from phosgenation, containing phosgene, hydrogen chloride, o-dichlorobenzene 

solvent vapours and traces of TDI, should be recycled to the process if possible. A larger 

condensing duty will reduce VOC emissions in the vent gas. A second condenser with chilled 

water, after the first cooling water one, improves the efficiency. Heat exchangers with 

refrigerant fluids such as propylene or ammonia, can reach lower temperatures (-20 ºC to -

40 ºC) and minimise emissions to the shared vent treatment system. This type of exchangers has 

safety drawbacks though. O-dichlorobenzene and phosgene can be recovered in chilled 

condensers. Unreacted phosgene is recovered and recycled in the process.  

 

6.4.1.4 Emissions from combined waste gas treatment 
 

Multi-component waste gas treatment system 

 

The composition of the emissions from the TDI and MDI process (i.e. a combination of VOCs, 

acid gases and chlorinated compounds) are such that a multi-component waste gas treatment 

system will be required. 

 

See also the EDC/VCM chapter in this LVOC BREF (Chapter 16), which addresses similar 

issues. 

 

Therefore following the application of specific process-integrated prevention and recovery steps 

(see sections 6.4.1.1 to 6.4.1.3), the waste gas streams are combined and the following treatment 

steps applied. 

 

 

Figure 6.5: US EPA block flow diagram on vent treatment system 
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6.4.1.4.1 Neutralisation system 

 

Description 

Wet gas scrubbing to remove acid gases. 

 

Technical description 

There are different ways to neutralise acid gases. Most of them include a two stage absorption in 

series so that washing, absorption and neutralisation (solution of caustic soda) are performed. 

   

1. A water scrubber to remove and recover hydrogen chloride. Hydrogen chloride is an 

acid gas, and like phosgene, it can be controlled with a caustic scrubber; however, it is 

usually desirable for a water scrubber to precede the caustic scrubber. This not only 

permits HCl to be recovered as a by-product, but also reduces the loadings to the caustic 

scrubber. The first stage water scrubber can be part of the pre-treatment of the 

individual gas streams. 

2. A caustic scrubber is used to remove VOCs and COCl2 from the water scrubber as well 

as to remove VOCs from the nitration and distillation processes. All process emissions 

from phosgene production and utilisation are typically routed to a caustic scrubber. The 

caustic scrubber is the control of choice because phosgene is rapidly and completely 

destroyed by aqueous sodium hydroxide. The sodium hydroxide concentration should 

be maintained at between 3 and 8 weight per cent, and the sodium chloride and sodium 

carbonate must not precipitate and clog the reactor. It should be noted that the solubility 

of these components is appreciably lower in caustic solution than in water. 

 

Afterwards, gases are directed into the stack with continuous monitoring of residual phosgene 

and residual hydrogen chloride. 

 

Achieved environmental benefits 

Reduction of acid species emissions to air, reduction of hydrogen chloride in gas feed to 

catalytic or thermal oxidation unit. 

 

Environmental performance and operational data 

The ELV set for the Zachem plant in Poland were: 

  10 mg/Nm
3
 for HCl; and  

 2.34 mg/Nm
3
 for phosgene. 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

For vent streams that contain acid gases (such as Cl2, HCl and/or phosgene) but do not contain 

VOCs or dioxins. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

TDI Zachem (Poland), MDI Estarreja (Portugal) 

 

Reference literature 

 
6.4.1.4.2 Oxidation to destroy VOCs 

 

Description 

Catalytic or thermal oxidation 

 

Technical description 
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An oxidiser for volatile organic compounds: These reactions take place in an organic solvent 

medium, and the solvent is a source of volatile organic compound (VOC) emissions. Solvents 

include chlorinated compounds such as methylene chloride, monochlorobenzene, and ortho-

dichlorobenzene, as well as pyridine, xylene, methanol, and aliphatic hydrocarbons. Whereas 

VOC can be controlled by incineration, except those that pose unacceptable explosive risks.  

 

The generic chapter explains in detail what measures need to be taken to minimise the cross-

media effect of thermal oxidisers. 

 

Achieved environmental benefits 

Lower net emissions to air. 

 

Environmental performance and operational data 

Normally, the outlet gas from the phosgene destruction equipment is continuously monitored for 

residual phosgene content. 

 

Example from MDI Dutch permit: 

Reduction techniques of MCB and carbon tetrachloride (CTC) in the MDI plants. 

 

1)  The present caustic soda scrubbers treat:  

 

 the off-gas stream from the MCB work-up section; 

 the displacement air from the hot crude MDI tanks /containing MCB and CTC); and 

finally 

 the gas stream from the phosgene section.  

 

The caustic soda scrubber is effective for the neutralisation of chlorine, phosgene and 

HCl from the phosgene section.  

 

The CTC is formed in the phosgene section as a result of the presence of ppm of CO 

and methane and as a result of the reaction of phosgene on the catalyst.  

 

The caustic scrubber serves to neutralise chlorine, phosgene and HCl but not the MCB 

and CTC. 

 

2)  To reduce the emission of MCB and CTC effectively, a Regenerative Thermal 

Oxidation (RTO) unit is required for each MDI production facility. The RTO units are 

operational since December 2011. 

 

The application of thermal oxidation of the MCB and CTC is described in the CWW 

BREF as the best available technology. The use of catalytic oxidation is not possible 

due to the toxic effect of CTC.  

 

The advantage of catalytic oxidation is a low NOX formation as a result of the lower 

operating temperature.  

 

The use of electric heating avoids hot spots and therefore extra thermal NOX formation.  

 

The resulting NOX emission is 150 mg/Nm
3
.  

 

Due to the combustion temperature of 800–1000 °C, residence time of a few seconds, 

and the rapid cooling of the combustion gases, the formation of dioxins is minimised. 

 

3)  The combustion of MCB and CTC ensures that the chlorine atoms that are present in 

both of these substances are converted into gaseous HCl. Therefore, the combustion 

gases are led through a scrubber with water to neutralise HCl. 
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This responds to the application of the best available techniques for the removal of HCl.  

The removal efficiency of the RTO for MCB and CTC is respectively 98 % and 97 % 

for MDI-1. For MDI-2 a removal efficiency of 95 % for both components is expected as 

a result of the over-pressure off-gas system in the factory. The removal efficiencies of 

both MDI units meet the range of 95–99 %. With the use of a thermal oxidation unit, 

including a soda or water scrubber, for the treatment of MCB and CTC both MDI plants 

by Huntsman apply the best available techniques. 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Generally applicable 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

US EPA phosgene emission documents, MDI plant in Portugal, MDI plant in the Netherlands.
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Table 6.14: MDI Plant No.1 

Emission 

Source 
Code Height 

Substance 
Concentration Emission load Monitoring 

 
Nr (m) mg/Nm Kg/h h/y t/y 

 
RTO  10 CTC  0.086 8760 

(
5
) 

0.75 

(
5
) 

every 3 yr 

   MCB  0.118 8760 

(
5
) 

1.03 

(
5
) 

every 3 yr 

   HCl 8 0.046 8760 

(
5
) 

0.4 (
5
) ERP 

   Chlorine 1.5 0.011 8760 

(
5
) 

0.1 (
5
) ERP 

   Dioxin 0.1 (
3
) 0.011 

(
6
) 

8760 

(
5
) 

10 (
5,7

) every 6 m 

   NOX 150 0.605 8760 

(
5
) 

5.3 (
5
) once 

   CXHY  0.01 8760 

(
5
) 

0.01 

(
5)

 

every 3 yr 

Caustic-

scrubber 

(
4
) 

12.0 

(
1
) 

30 CO (
1
) 9500 22.8 8760 200 balance 

   CO2    50 balance 

   CTC  2.854 8760 25 monthly 

   MCB  3.653 8760 32 monthly 

   Phosgene 0.08 0.0002 8760 0.002 ERP 

   HCl 8 0.024 8760 0.21 ERP 

   Chlorine 1.5 0.004 8760 0.039 ERP 

Fume-

scrubber 

12.0 

(
2
) 

30 Aniline  0.007 8760 0.06 every 3 yr 

   Phosgene 0.08 0.00006 8760 0.0005 ERP 

   Methanol  0.119 8760 1.04 every 3 yr 

   HCl 8 0.006 8760 0.05 ERP 

   Chlorine 1.5 0.001 8760 0.009 ERP 

Formalin 

tank 

12.0 

(
4
) 

3 Formaldehyde  0.007 8760 0.06 ERP 

Methanol 

tank 

12.0 

(
7
) 

3 Methanol  0.011 8760 0.1 - 

Scrubber 

cleaning 

12.0 

(
9
) 

15 Phosgene 0.08 0.0002 2500 0.0005 ERP 

   HCl 8 0.02 2500 0.05 ERP 

N.B. 

(
1
) The CO emissions from the HCl adsorption 

(
2
) The CO emissions released during start-up procedures 

(
3
) The emission concentration of dioxin in ng/Nm3 TEQ 

(
4
) The regular emissions from the caustic scrubber should be finished by January 1, 2012 

(
5
) The actual annual load must be reported annually in an environmental report and checked against the corrected 

annual load. The adjusted annual load = (8760 operating hours minus not regular hours) / 8760 hour * licensed annual 

load 

(
6
) The emission load of dioxin in micrograms per hour 

(
7
) The annual load of dioxin in mg/yr 
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Table 6.15: MDI Plant No.2 

Emission 

Source 

Unit 

Code Height 

Substance 
Concentration Emission load 

Monitoring Nr (m) Mg/Nm3 Kg/h h/y t/y 

RTO  10 CTC  0.054 8760 

(
4
) 

0.47 

(
4
) 

every 3 yr 

   MCB  0.047 8760 

(
4
) 

0.41 

(
4
) 

every 3 yr 

   HCl 8 0.046 8760 

(
4
) 

0.4 (
4
) ERP 

   Chlorine 1.5 0.011 8760 

(
4
) 

0.1 (
4
) ERP 

   Dioxin 0.1 (
2
) 0.57 (

5
) 8760 

(
4
) 

5 (
4,6

) 6 m 

   NOX 150 0.126 8760 

(
4
) 

1.1 (
4
) once 

   CXHY  0.001 8760 

(
4
) 

0.01 

(
4
) 

every 3 yr 

Caustic-

scrubber 

(
3
) 

14.0 

(
1
) 

49 CO (
1
)   8760 82 balance 

   CTC  0.616 8760 5.4 monthly 

   MCB  0.502 8760 4.4 monthly 

   Phosgene 0.08 0.00001 8760 0.0001 ERP 

   HCl 8 0.00013 8760 0.0011 ERP 

   Chlorine 1.5 0.00023 8760 0.002 ERP 

Fume-

scrubber 

14.0 

(
2
) 

43 Aniline  0.023 8760 0.20 every 3 yr 

   CO  22.8 8760 200 balance 

   Phosgene 0.08 0.00004 8760 0.0003 ERP 

   Methanol  0.20 8760 1.74 every 3 yr 

   HCl 8 0.0032 8760 0.028 ERP 

   Chlorine 1.5 0.0006 8760 0.005 ERP 

Formalin 

tank 

14.0 

(
3
) 

5 Formaldehyde  0.006 8760 0.05 ERP 

N.B. 

(
1
) The CO emissions from the HCl adsorption 

(
2
) The CO emissions released during start-up procedures 

(
3
) The emission concentration of dioxin in ng/Nm3 TEQ 

(4) The actual annual load must be reported annually in an environmental report and checked against the corrected 

annual load. The adjusted annual load = (8760 operating hours minus not regular hours) / 8760 hour * licensed 

annual load 

(5) The emission load of dioxin in micrograms per hour 

(
6
) The annual load of dioxin in mg/yr 

 
6.4.1.4.3 Wet gas scrubber downstream oxidiser 

 

A second caustic scrubber is used for treatment of the incinerator exhaust to remove residues 

from the combustion of chlorinated hydrocarbons. The incineration of chlorinated VOCs can 

produce hydrogen chloride, chlorine, and phosgene emissions. Therefore, a second caustic 

scrubber is required in series with the incinerator. These requirements are met by continually 

replacing the solution in the scrubber with fresh caustic solution. Data generated by the US 

Army indicate that a two-stage scrubber can reduce phosgene emissions to below 0.5 ppm by 

volume. This study demonstrated that phosgene control is severely reduced if the phosgene flow 

to the scrubber exceeds the design capacity of the scrubber, or if the caustic concentration in the 

scrubber is not maintained between 3 and 8 weight per cent. The design of the scrubber 

therefore must be such that it can accommodate any phosgene surge 

 
6.4.1.4.4 Adsorption 
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Activated carbon adsorption is used, for instance in Sweden, for polishing incinerator off-gases. 

The purification efficiency varies with chemical compounds, but reported removal rates are 

88.8 % for hexachlorobenzene and 80–85 % for dioxins. The outgoing concentrations are in the 

order of 0.04 ng I-TEQ dioxins/m
3
. The filter unit has a diameter of 3–4 m and is expected to 

last about two years before needing replacement. The spent carbon is incinerated. This is also 

mentioned by the World Bank LVOC recommendations. 

 
6.4.1.4.5 Monitoring of emissions from combined waste gas treatment 

 

Description 

Due to the nature and variety of pollutants, monitoring is used as a tool to optimise the 

performance of the numerous techniques applied to reduce the impact on the environment. 

 

Technical description 

A procedure or internal process that ensures and defines which actions are taken (after 

monitoring results are obtained) in order to solve or optimise abatement techniques. 

 

Monitoring should be done, at least on these parameters: phosgene, total chlorinated 

compounds, dioxins (TEQ) and HCl. 

 

Achieved environmental benefits 

Lower emissions to air are achieved, because monitoring facilitates the adoption of other 

measures. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Generally applicable 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 

 
Table 6.16: Example of Dutch MDI plant emission values from end-of-pipe device 

Compound Method Emission Unit 

Cl2 EPA 26a < 0.5 mg/Nm
3
 

HCl EN 1911  mg/Nm
3
 

Dioxins EN 1948 0.02–0.03 Ng TEQ/Nm
3
 

MCB EN 13649 8.4–22 mg/Nm
3
 

CTC EN 13649 6.3–11 mg/Nm
3
 

Source: Netherlands 

 

6.4.1.5 Fugitive emissions to air 
 

There have been strenuous efforts over recent years to minimise workplace exposure and 

environmental releases, especially from fugitive sources.  

 

[Note to TWG: The techniques to prevent and minimise fugitive emissions of air pollutants are 

described in the CWW BREF. LDAR (leak detection and repair) regimes have proven valuable 

in the prevention of fugitive emissions. The next three techniques are extracted from the current 
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BREF but are included the LDAR programme. We propose to erase and just cross-reference to 

CWW.] 

 
6.4.1.5.1 Primary technical measures 

 

Description 

The primary technical measures are aimed at preventing phosgene emission from the closed 

equipment.  

 

Technical description 

This is achieved by, for example, selection of resistant, high-grade materials for equipment and 

lines; careful testing of this equipment and lines, especially the welds; leak tests before 

resuming operation of plant units; the use of pumps which are hermetically sealed to the outside 

(canned motor pumps, magnetic pumps); the use of high-grade materials for flange gaskets; and 

regular inspections of equipment and lines. In the field of process control engineering, 

particularly high requirements are set for the quality and design of process control equipment. 

Plant equipment, which is particularly important for safety, has duplicated process control 

instrumentation. Automatic systems ensure immediate safe shutdown of the plant when 

important process parameters move outside a narrow bandwidth. In addition, the probability of 

phosgene emission and the emission potential are reduced further by continual optimisation of 

the process system. In this way the number of vessels containing phosgene, and their phosgene 

content, are reduced. 

 
6.4.1.5.2 Secondary technical measures 

 

Description 

Secondary technical measures are used to detect leaks as soon as possible and to combat 

escaped phosgene. 

 

Technical description 

These measures include, for example, continuously operating alarm systems for monitoring 

room air and ambient air, systems for combating escaped phosgene by chemical reaction (e.g. 

steam ammonia curtains in the case of gaseous emissions), jacketed pipes, and complete 

containment for phosgene-processing plants or plant units. 

 
6.4.1.5.3 LDAR: organisational measures 

 

Description 

The organisational measures ensure that the staff operate the plants safely and initiate rapid 

countermeasures following malfunctions or the detection of leaks. 

 

Technical description 

These measures include special training, routine plant inspection, training for exceptional 

situations, clear operating instructions, and regular safety discussions. 

 

6.4.1.6 Emissions to air from storage 
 

For more detailed information, see the EFS BREF. 

 

Low volumes 

 

When the volume and the breathing vent flows are not significant, then less effective and less 

expensive measures are taken. Absorption and wet scrubbers are recommended by the World 

Bank. 

 

Large volumes 
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For large volume storage (such as raw materials and TDI or MDI storage), the tank volume and 

the flow generated will be relevant. In these cases the best practice is to channel these streams to 

the shared incinerators. 

A German TDI installation is routing lower emission flows (< 300 Nm
3
/h) to a carbon filter and 

the larger ones (such as DCB tanks) to the central shared incinerator. The permit from the 

competent authority requests the following performance downstream of the carbon adsorber: 

< 20 mg/Nm
3
 for TDI and DCB, and < 50 mg/Nm

3
 for TOC. 

 

2003 BREF: Vapour recovery systems or incineration are usually used for vents of organic 

liquids. Nitric acid storage tank vent emissions should be recovered with wet scrubbers and 

recycled; organic liquid storage tank vent emissions should be recovered or incinerated. 

 

6.4.1.7 Other combustion processes 
 

Combustion processes whose goal it is to deliver energy are outside of the LVOC BREF scope, 

see the LCP BREF. Techniques that deliver lower energy usage will indirectly lead to lower 

emissions to air from the process. See energy related techniques in the energy chapter. 

 

6.4.1.8 Emissions to air from production of MDI 
 

The plant design, nature of emissions and techniques are quite similar to those of a TDI plant. 

 
6.4.1.8.1 Multi-component waste gas treatment system 

 

The point process sources generate emissions that need multistage abatement devices due to the 

fact that they contain acid gases, VOCs and chlorinated compounds. Again, the storage vents, 

phosgene-manufacturing unit vents, solvent recovery unit and HCl absorption unit are examples 

of this fact. 

 

Scrubber is also a technique in MDI for HCl, Cl2 and phosgene abatement; VOCs (MCB or 

CTC) require oxidation at end-of-pipe (such as incinerator); oxidation conditions must be 

optimised (low residence time, etc.) for dioxin formation; dioxins from the burning of MCB 

(monochlorobenzene) and CTC (carbon tetrachloride); post-scrubber required for HCl 

formation from phosgene, etc. 

 
6.4.1.8.2 Amine scrubber 

 

See the CWW BREF for a more complete description. 

 

Some plants may install the well-known amine absorber-regenerator system for the vents 

generated in the purification of MDA (stripping and nitrogen injection are used to remove 

aniline and other light compounds). 

 

Amine gas treatment, also known as gas sweetening and acid gas removal, refers to a group of 

processes that use aqueous solutions of various alkylamines (commonly referred to simply as 

amines) to remove acid gases from the vent stream.  

 

See the above section on combined waste gas treatment. 

 

6.4.2 Techniques to reduce emissions to water 
 

6.4.2.1 Techniques to reduce emissions to water from the nitration step in 
the TDI process 

 
6.4.2.1.1 The use of concentrated nitric acid 

 

Description 
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Design and operate a process that uses a high concentration of nitric acid. 

 

Technical description 

Re-engineering of the process may increase process efficiency and lead to almost complete 

reduction of nitrite and a certain reduction of sulphate and nitrate. If highly concentrated nitric 

acid is used, the amount of waste water per product is considerably lower. 

 

Achieved environmental benefits 

Lower specific emission loads. 

 

Environmental performance and operational data 

Waste water arisings from the nitration unit derive from the reaction (0.2 m
3
/t DNT), from the 

nitric acid used (0.37 m
3
/t DNT using 65 % HNO3, < 0.01 m

3
/t DNT using 99 % HNO3) and 

from washing the product. 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

New plants or major retrofits. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

Previous BREF. 

 
6.4.2.1.2 Optimised nitration reactor design 

 

Description 

Optimised nitration reactors design. 

 

Technical description 

In these plants, nitration is carried out in two steps. First, toluene is nitrated to produce MNT, 

and then MNT is nitrated to produce DNT. After each nitration step the product is separated 

from the respective acid in dynamic separators and is then further processed. The raw DNT is 

automatically conveyed to the washing unit consisting of a compact washing apparatus, which 

performs the product washing as well as the separation of the product from the respective 

washing medium. 

 

Achieved environmental benefits 

These DNT plants do not generate any acidic, nitrate-loaded waste water, since the nitric acid 

contained in the raw DNT is regenerated and reused. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

DNT plants with a capacity of up to 50 t of DNT/hour in one line. 

 

Economics 

 

Driving force for implementation 
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Example plants 

MEISSNER brochure. 

 

Reference literature 

 
6.4.2.1.3 Optimised regeneration and recovery of spent acid 

 

Description 

Design and operation of optimised acid recovery system. 

 

Technical description 

A process to treat the spent acid from the nitration reaction, which concentrates the sulphuric 

acid by stripping/evaporation under vacuum, recovering organics and water, which are 

condensed and separated, with absorption of NOX to recover nitric acid. 

 

Regeneration plant performing the recovery of concentrated Sulphuric Acid with recovery of 

Nitric Acid and organics, as well as an economical waste water treatment plant for the disposal 

of toxic nitrocresols contained in the DNT waste water. 

 

Achieved environmental benefits 

The recovery of sulphuric acid and nitric acid for reuse and a biologically degradable waste 

water is obtained. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Generally applicable 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 
6.4.2.1.4 Pre-treatment of nitration waste water 

 

Many of the nitro-organic components are toxic and poorly biodegradable. Figures for 

biodegradation of the whole effluent depend on the ratio of poorly biodegradable compounds 

and readily biodegradable compounds such as unreacted toluene. 

 

i) Nitrification plus denitrification: Emissions after biotreatment (including n and dn) for 

the whole process are TOC < 0.4 kg/t TDI and TNb (total nitrogen) < 0.2 kg/t. 

 

Biological treatment can be applied as a pre-treatment to the nitration effluent only or to the 

combined effluent. 

 

ii) Ozone: (chemical oxidation) under certain site conditions, the waste water may be 

treated by ozonisation, or recovery of the nitro-compounds followed by incineration. 

 

iii) Others: alternative techniques to reduce the organic load of the effluents from the 

nitration process are adsorption, extraction or stripping, thermolysis/hydrolysis or 

oxidation.  
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 Extraction (e.g. with toluene), which is most commonly used, gives an almost 

complete removal of DNT and a reduction of nitrocresols to < 0.5 kg/t. 

 Removal of nitroaromatic compounds (DNT, Di/Tri-Nitrocresols) to reduce 

organic load (< 1 kg TOC /t DNT) and to ensure biodegradability (> 80 % 

elimination by Zahn-Wellens test). Final (biological) aerobic treatment to 

remove COD/TOC and nitrate. 

 

6.4.2.2 Collective prevention and pre-treatment of waste water 
 
6.4.2.2.1 Solvent selection 

 

Description 

Selection of nitration solvent  

 

Technical description 

The solvent used in the nitration process will end up in waste gas and waste water streams. The 

rationale for the selection of the solvent should include the solvent recovery and solvent impact 

on the environment.  

 

Achieved environmental benefits 

Lower emissions to water of hexachlorobenzene 

 

Environmental performance and operational data 

When using dichlorobenzene as a solvent, process-integrated measures have to be taken to 

minimise/prevent the formation of traces of hexachlorobenzene in the electrolysis of recovered 

hydrochloric acid, which is subsequently used to produce phosgene used in the phosgenation 

stage. 

 

Cross-media effects 

Accumulation of hexachlorobenzene in the process, ultimately increasing its concentration in 

the waste water. 

 

Technical consideration relevant to applicability 

Generally applicable 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

Ullmann's Encyclopedia of Industrial Chemistry. 

 
6.4.2.2.2 Evaporation/stripping 

 

See the CWW BREF for the description of this technique. 

 

Key steps normally involve concentrating the contaminant in the water stream using evaporation 

(either single or multiple effect). The concentrated contaminated stream is handled in a number 

of different ways depending on the design of the plant.  

 

These include burning the stream or recycling to other parts of the process to maximise recovery 

of saleable products before burning the contaminated stream.  
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Ammonia can be separated by stripping. Low-boiling components can be separated by 

distillation/stripping with steam and destroyed by incineration. Achievable elimination rates are: 

amino toluene > 99 %, TDA > 90 % and COD > 70 %.  

 

In a German plant, the pretreatment and reuse of waste water (by removal of ammonia and low-

boiling organic compounds) reduced the waste water from hydrogenation by 50 % (remaining 

waste water volume of 0.7 m
3
/t TDA). Besides TDA, the waste water contained ammonia, 

aminotoluene and hexahydrotoluidene. 

 
6.4.2.2.3 Advanced chemical oxidation 

 

Description 

Chemical oxidation is a technology for treatment through chemical oxidation of waste water 

with contaminants that are not or hardly biodegradable. This oxidation is performed very 

efficiently at moderate pressures and temperatures (between 1 to 1.5 barg and between 110 ºC 

and 130 ºC). 

 

Technical description 

The OHP® technology is based on an Advanced Oxidation Process (AOP), where OH• 

(Hydroxil) radicals are generated from hydrogen peroxide catalysed with a metallic salt in a 

water phase. These radicals will be the oxidants which will mineralise or partially oxidise 

organic compounds in the effluent. 

 

Fe2+ + H2O2 -> Fe3+ + •OH + OH– 

 

The process diagram of advanced chemical oxidation can be described as follows: 

homogenisation and pH adjustment, addition of H2O2 and catalyst, reaction, neutralisation and 

precipitation of metallic compounds and filtration (solid separation). 

 

Achieved environmental benefits 

This process can be used as a waste water pretreatment unit to increase the biodegradability of 

the effluents, therefore facilitating the biological oxidation thereafter in a biological treatment 

plant such as an MBR. This increase in biodegradability after the process occurs because 

chemical oxidation degrades and breaks down those compounds with higher molecular weight. 

 

Environmental performance and operational data 

One particular example of this application is the increase in the biodegradability of the waste 

water from the isocyanates (MDI or TDI) manufacturing process' residual water. This waste 

water has low biodegradability mainly due to the presence of a number of toxic compounds that 

inhibit the biological decomposition of the effluent. 

 

A low dosage of reagent makes it possible to increase the biodegradability by 600 %, herewith 

expressed as the DBO–DQO ratio (see Table 6.17 below). 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

This process is applicable to waste water streams which are recalcitrant and have low 

biodegradability. 

 

Economics 

In this case, the increase in biodegradability is obtained with a very low operational cost (below 

€ 3 /m
3
). 

 

Driving force for implementation 

Environmental protection achievements. 
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Example plants 

These data were obtained through several tests with FMC Foret’s OHP® pilot WWT plant from 

an isocyanate manufacturer in Germany. This increase in biodegradability is explained by the 

specific destruction of the toxic nitroaromatic compounds (shown in Table 6.7). By eliminating 

the toxicity in the waste water, the overall biodegradability increases significantly. 

 

Reference literature 

FMC Foret technical bulletin. 

 

 

Figure 6.6: Block flow diagram of chemical oxidation system 

 

 
Table 6.17: Chemical oxidation performance 

Parameter  Without oxidation (ppm) With oxidation (ppm) 

TOC 1560 378 

COD 3840 710 

BOD 157 179 

COD/BOD 0.041 0.252 

4 nitrobenzoic acid 110 Below detec. 

2,4 dinitro 6 amino o-cresol 490 Below detec. 

2,6 dinitro o-cresol 140 Below detec. 

2,4,6 trinitrohydroximethil-

benzene 

215 Below detec. 

2,4-dinitrotoluene 25 Below detec. 

 
6.4.2.2.4 Biological reactors 

 

The ‘clean’ water stream recovered from these concentration processes is further treated, 

normally, in biological waste water treatment plants prior to discharge. The biological treatment 

units can either be a central site facility or specific to the TDI plant. Adaptation of the plant 

biology to the nitroaromatic compounds is crucial to ensure biodegradation. Traces of o-

dichlorobenzene solvent in the waste water can be biologically treated or delivered to a 

combustor with heat recovery and neutralisation of halogenated effluents. Referring to 

measurements at a German site, the emission of o-dichlorobenzene after biological treatment is 

< 1 g/tonne TDI.  

 

Emissions after biotreatment (including nitrification/denitrification) for the whole process are 

TOC < 0.4 kg/t TDI and TNb (total nitrogen) < 0.2 kg/t. 
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6.4.2.2.5 Multiple step approach 

 

Information from the 2003  LVOC BREF3 is provided below. 

 

In a German plant, waste water from the nitration unit is pretreated together with a stream from 

the polyol plant (2.5 m
3
/h) in a three-stage plant (see below), mainly to eliminate the highly 

persistent and toxic part of the COD. The overall COD elimination is 98 % and the elimination 

of the nitroaromatic compounds is > 99 %. 

 

 Stage 1: In the adsorption/sedimentation unit, organic substances are adsorbed by 

sludge from a biological treatment plant, and the sludge is separated by sedimentation 

and incinerated. The COD elimination is 22 %. 

 Stage 2: Biological pretreatment includes denitrification of nitrite/nitrate and adsorption 

of nitroaromatic compounds, and further reduces COD by 59 % (COD elimination 

80 %). The sludge is incinerated. 

 Stage 3: In the ozonation step, the non-degradable COD (i.e. nitroaromatic substances) 

is converted to degradable COD to make it amenable to further treatment in the central 

biological plant. This further reduces COD by only 4 % (COD elimination of 21 % in 

the ozonation step with only 1.5 kg ozone / kg reduction of COD) but biodegradability 

of the remaining organic load improved and was measured to be 88 % (Zahn-Wellens 

test). 

 

See the CWW BREF and Chapter 16 of this BREF for more in depth technique descriptions. 

 
6.4.2.2.6 Use of monitoring systems to optimise techniques at source  

 

See the CWW BREF 

 

Description 

Due to the nature and variety of pollutant monitoring, the performance of the numerous 

techniques applied to reduce the impact on the environment can be used as an optimising tool. 

Mass balances across the WWT are calculated. 

 

Technical description 

A procedure or internal process that ensures that action is taken using feedback from the 

monitoring results, in order to solve or optimise abatement techniques. Monitoring should be 

done at least for total chlorinated compounds, dioxins (TEQ) and COD. 

 

Achieved environmental benefits 

Lower emissions to water 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Generally applicable 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 
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6.4.2.3 MDI-specific treatments 
 
6.4.2.3.1 Low brine process 

 

Description 

Sequential design of the condensation reaction unit, including premixing of feedstock and use of 

hydrophobic solvents, to minimise the brine generated in this unit. 

 

Technical description 

The process comprises the following steps: 

 

Step 1 – condensing an aromatic amine with formaldehyde in the presence of a hydrophobic 

solvent and in the absence of an acid catalyst to produce a pre-condensate mixture containing 

the corresponding N,N'-disubstituted aminals. 

 

Step 2 – removing substantially all the water from said pre-condensate mixture to produce a first 

organic phase. 

  

Step 3 – extracting said first organic phase with an aqueous solution containing an acid catalyst 

thereby producing a second organic phase and an aqueous pre-condensate phase which contains 

the aminals. The organic phase is recycled to step 1. 

 

Step 4 – subjecting said aqueous pre-condensate phase to a rearrangement reaction thereby 

producing an aqueous condensation mixture containing said aromatic polyamines. 

 

Step 5 – extracting said aqueous condensation mixture with a hydrophobic solvent to provide a 

solvent phase and an aqueous phase which comprises an aqueous solution containing the acid 

catalyst as an amine salt of said aromatic amine, and said aromatic polyamines. 

 

Step 5 – recovering aromatic polyamines from said solvent phase. 

 

Step 6 – returning said aqueous phase to step 3. 

 

Achieved environmental benefits:  

Lower amount of brine generated in the manufacturing of MDA . 

 

The above-mentioned process marked a major improvement over the previously known process 

of aniline/formaldehyde condensation carried out with acid catalysts, particularly since it 

obviated the need for neutralisation of the acid catalyst. As a result of this, the effluent water 

from the process is substantially free from salt and the corresponding consumption of acid 

catalyst and alkalizing agent is virtually zero. (US 3996283 A) 

 

The elimination of the distillation step (lower energy usage)to remove the water introduced and 

formed in the course of the reaction would further simplify and improve the prior process. (CA 

1057308 A1) 

 

Environmental performance and operational data: 

 

Cross-media effects: 

 

Technical considerations relevant to applicability:  

New units or major refits 

 

Economics:  

 

Driving force for implementation:  
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Example plants: 

 

Reference literature:  

Bayer patents:  

- CA 1,004,234 (or US 3996283 A): “Process for the production of polyamines” 

-CA 1057308 A1:“PROCESS FOR THE PREPARATION OF AROMATIC POLYAMINES” 

 
6.4.2.3.2 Recovery of aniline and methanol 

 

The aqueous stream from the condensation unit of MDI undergoes steps to remove aniline and 

methanol prior to it being sent to a WWT unit. 

 

Step 1) Removal of aniline 

 

The water phase (brine), containing some MDA and dissolved aniline, needs to be cleaned from 

MDA before discharge to the biological treatment.  

 

Option a: Evaporation and extraction followed by stripping  

 See the description of these techniques in the CWW BREF. 

 MDA is removed first by extraction with aniline and subsequently the aniline is 

removed by steam stripping. The current direct contact extraction process requires the 

brine to be denser than aniline. As the brine is not dense enough water needs to be 

evaporated to increase the density and make the separation step after extraction possible 

 

Option b: Pertraction 

 See the CWW BREF. 

 Removal of methylene dianiline from process waste water with aniline by pertraction. 

Pertraction avoids the need for density differences and therefore the energy-consuming 

evaporation of water can be omitted. It is estimated that the energy savings are 1 to 1.2 

PJ/year. 

 Reference literature: J. van Medevoort (TNO water, the Netherlands), J. Koole 

(Huntsman PU). 

 

Step 2) Recovery of methanol  

 

Option a: Stripping  

 See the CWW BREF for technique description. 

 

Option b: The use of the MDA process that generates less or negligible salt/brine in the 

neutralisation. 

 

Description 

This process is an improvement on the previous one (with acid catalyst) since it obviated the 

need for neutralisation of the acid catalyst. As a result, the effluent water from this section is 

free of salt. 

 

Technical description 

 

Achieved environmental benefits 

Lower loads emissions to water. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical considerations relevant to applicability 

New plants or major retrofits. 
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Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

Dupont and Bayer patents: US 3476806 and US 4061678A. 

 

The main effluent form the MDI plant is generated in the neutralisation section that operates 

downstream of condensation section. This stream contains a large amount of brine (salts). An 

organic and an aqueous stream are generated in this neutralisation section. 

 

6.4.3 Techniques to reduce raw material consumption 
 

6.4.3.1 Process optimisation 
 

• See the LVOC BREF Section 2.4 – Generic techniques to consider. 

 Optimising the use and recovery of HCl. 

 Optimising the use and recovery of solvents. 

 Optimising the use and recovery of phosgene. 

 Optimising the use and recovery of catalyst (such as condensation, hydrogenation, 

nitration). 

 

6.4.4 To use gas phase phosgenation 
 

Description 

The GPP process is quite different. Neither TDA nor phosgene is in the form of a solution. 

Instead, both are heated above 300 ºC. The reactants, now in the gaseous phase, are then 

brought together and mixed in the reactor. 

 

Technical description 

A nozzle designed specifically for the purpose ensures proper mixing, which is critical. At this 

point, ODB is added, and distillation of the resulting slurry again produces diisocyanate. 

 

The speed of the reaction is dramatically increased, as well: while the residence time for the 

conventional process is 50 minutes, for the GPP process it is a mere 20 seconds. The resulting 

benefits include greater selectivity and higher yield, while the excess of phosgene necessary to 

ensure reaction is reduced. The process is also quick and easy to start up and shut down, 

increasing safety. 

 

Achieved environmental benefits 

The GPP process features several advantages over the conventional approach. Solvent 

consumption is reduced by 80 %, energy consumption is consequently reduced by 40–60 %, and 

the initial investment required is lowered by 20 %. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

New units 

 

Economics 

 

Driving force for implementation 
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Example plants 

 

Reference literature 

Dorgmagen TDI plant in Germany, press release. 

 

6.4.4.1 Recover TDI or MDI from oligomer residues 
 

Description 

Tars from distillation are additionally processed to recover the maximum amount of TDI (or 

MDI) contained in the tars. 

 

Technical description 

There are various technical approaches to achieve this goal: 

 

Option a: cracking of tars by thermal or chemical means. 

Option b: distillation or purification operations.  

Sulzer mentions thin film evaporator or other short path distillation units. 

 

Achieved environmental benefits 

Higher yields, reduced material usage, lower waste generation. 

 

Environmental performance and operational data 

 

Cross-media effects 

Increased energy usage. 

 

Technical consideration relevant to applicability 

New units or major refits 

 

Economics 

 

Driving force for implementation 

 

Example plants 

Zachem TDI plant in Poland. 

 

Reference literature 

New Hybrid Process for Purification and Separation of MDI isomers (Manfred Stepanski-

Sulzer). 

 

6.4.4.2 Process optimisation: MDI best practices 
 

Low acid and high aniline–formaldehyde ratios increase the 2,40-MDA content of the diamine 

fraction. At the lower aniline–formaldehyde ratios the tendency is to form higher oligomers. 

The 2,40-MDA is more reactive toward alkylation than the 4,40-MDA isomer.  

 

Commercial processes do not employ molar excesses of acid to aniline. Acid catalysis is 

necessary to form MDA, and HCl is the acid of choice.  

 

Silica, clay, ethane sulfonic acid, and tungsten are among the catalysts that have been patented. 

All of these processes possess some commercial drawbacks, e.g. high expense, severe reaction 

conditions, and/or poor yields of 4,40-MDA. High reaction temperatures result in a decrease in 

the MDA content of the product. Reaction time and water content also affect the oligomeric 

distribution of the product; both should be minimised for maximum MDA formation. 
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6.4.5 Techniques to reduce energy consumption 
 

6.4.5.1 Use of solid acid in nitration 
 

Description 

The strong influence of sulphuric acid on the reaction kinetics and the reactor design is known 

in the literature. In addition to the role the sulphuric acid plays as a catalyst, it also serves as an 

excellent heat transfer medium for removing the heat of the strongly exothermic reaction. 

 

Technical description 

An alternative to the use of the homogeneous mixed-acid is heterogeneously catalysed nitration 

using solid acids. This method has a number of potential advantages, one of which is that it 

avoids the large sulphuric acid recycle stream. 

 

Achieved environmental benefits 

Sulphuric acid has to be used in large amounts and must be reconcentrated and recycled. This 

step results in high energy costs. 

 

6.4.5.2 Use of solvent in hydrogenation 
 

Reaction is conducted under solvents. This enables better heat transfer. 

 

6.4.5.3 Gas phase phosgenation 
 

Process selection. The gas phase phosgenation technology results in significant savings on 

solvents, leading to operating cost savings due to a reduction in energy consumption required to 

process the much smaller volume of solvent during distillative recovery. The much shorter 

residence time of TDA and phosgene in the reactor reduces the required phosgene process 

inventory considerably. Further benefits are significantly greater reactor throughput per unit 

time (space-time yield) and the ability to downsize key plant components. These size reductions 

lead to additional investment cost savings. The gas phase technology also provides improved 

reaction selectivity, generating fewer by-products. This route avoids the use of phosgene and 

waste recovery problems associated with HCl. Process safety is vastly improved by the 

reduction in both phosgene and solvent inventories within the process. A further safety 

enhancement is the ability to start up and shut down the gas phase process quickly. 

 

In terms of values, energy usage is reduced by 40–60 %; and solvent usage is reduced by 80 %. 

See the Bayer press release on Dormagen and India process technology. 

 

6.4.5.4 Process optimisation - best practices in TDI plant utilities 
 

i) Recover energy from incineration (or thermal oxidisers). 

 

ii) Recover energy from exothermal reactions. 

 

Untreated water may be a source of significant environmental problems, particularly in hot, dry 

locations. The utilities of electricity and steam represent a significant share of the production 

costs of TDI.  

 

The reuse of this energy in the complex is a key issue and a proper energy management system 

at site level is an essential tool to ensure the good performance of a TDI unit. Steam may be 

generated in the hydrogenation unit and is either sent to a turbine driving air compressors, or 

used to produce electricity outside the TDI unit. 

 

The steam consumption inside the core TDI plant is mainly for distillation of TDA. The steam 

consumption of new distillation columns can be optimised using standard designs. Existing 
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columns can use retraying and repacking techniques, but the reduced steam consumption is 

often secondary to debottlenecking of plant capacity. 

 

The major mechanical energy consumers of a TDI unit are the compressors of the reformation 

unit for the hydrogen production. The usual ways to reduce the energy consumption of 

compressors are applicable (i.e. efficient design or reduction of pressure drops) and some minor 

improvements can also be obtained through the use of gas seals. Especially in hot climates, 

significant electric power is consumed in refrigeration units necessary to condense phosgene 

off-gas streams or cool hydrogen chloride to remove impurities. 

 

6.4.5.5 MDI plants 
 

Methanol is normally fed with the feedstock (aniline and/or formalin). 

 

Methanol can be recovered downstream of the neutralisation section (from the aqueous stream 

or the organic stream purifications operations). This methanol can be used as an alternative fuel 

for the steam boiler or hot oil furnace. 

 

6.4.6 Techniques to reduce waste generation 
 

6.4.6.1 HCl by-product 
 
6.4.6.1.1 Purify HCl to generate Cl2 

 

Description 

Purify the recovered solution to enable by-product sales. 

 

Technical description 

In modern phosgenation plants, all of the hydrogen chloride produced is separated from excess 

phosgene and solvent and generally passed on to neighbouring plants or companies via pipeline. 

 

a)  The customer might oxidise the hydrogen chloride to chlorine by electrolysis. The 

chlorine is reused in the production of phosgene, and total HCl recycling thus results.  

b)  HCl delivery to an 1,2-dichloroethane/PVC producer. 

 

The plant design includes a section downstream of the reaction to isolate HCl from product and 

from phosgene in excess. This is normally achieved with a distillation column or absorption. 

 

Achieved environmental benefits 

Lower emissions of HCl. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

This purification technique requires a wet gas scrubber recovery upstream. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

Ullmann's Encyclopedia of Industrial Chemistry. 
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6.4.6.1.2 Wet gas scrubber to recover HCl to sell as dilute acid 

 

Description 

Absorbing the hydrogen chloride gas in water and selling the acid or using it in another process. 

 

Technical description 

Absorber system as described in the emissions to air section that first requires a separation of 

the HCl from other gaseous effluents. 

 

Environmental performance and operational data 

Typical HCl concentration is normally 30 %. 

 

6.4.6.2 Spent hydrogenation catalyst 
 
6.4.6.2.1 Hydrocyclone to enable spent catalyst regeneration 

• See the hydrocyclone description in the CWW BREF. 

• Description: Recovered hydrogenation catalyst is recycled after centrifugation. A 

fraction is purged from the process and may be regenerated by specialised 

companies. 

• Reference literature: Ullman and Kirk-Othmer Encyclopedia of Chemical Technology. 

 

Prevent and/or reduce waste at source 

• See the CWW BREF. 

• Prior to disposal the composition of this waste needs to be analysed to determine the 

disposal route. 

 

Disposal by incineration 

• See incineration at the end of this section. 

 

6.4.6.3 Spent nitration section acids 
 

Evaporation to enable spent catalyst regeneration 

• See the evaporation description in the CWW BREF. 

• Description: A contact evaporator is in place to recover H2SO4. 

• Technical description: The spent acid regeneration plant performing the recovery of 

concentrated sulphuric acid with recovery of nitric acid and organics. 

• Reference literature:  

o Ullman and Kirk-Othmer Encyclopedia of Chemical Technology. 

o Method and system for concentrating waste sulphuric acids from nitration 

process – US 798842 B2. 

Prevent and/or reduce waste at source 

• See the CWW BREF. 

• Prior to disposal the composition of this waste needs to be analysed to determine the 

disposal route. 

Disposal by incineration 

• See incineration at the end of this section. 

 

6.4.6.4 Organic residues from distillation 
 

Dimers, oligomers, residues and/or tars are generated in TDI and MDI purification systems. 

 

Reduce the generation of residues via plant design or optimisation 

• All distillation strategies that avoid high temperatures and high hold-up: 

o packing vs trays to reduce delta pressure and thus temperature; 

o vacuum vs atmospheric to reduce operating temperature. 

Addition of inhibitors 

 Add scavengers: terButylCatecol (TBC), etc. 
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Isolate products for sale 

 Commercially, a small amount of the 4,40-MDA is isolated by distillation from PMDA. 

Depending on the process employed, the removal of MDA can be partial (as is done 

with the isocyanates) or total. Partial removal of MDA gives some processing latitude 

but yields of 4,40-MDA are reduced. 

Disposal by incineration 

• See incineration at the end of this section. 

 
6.4.6.4.1 Feedstock recovery (by distillation, cracking, etc.) 

 

Recover TDA or MDA from oligomer residues thermal treatment 

 

Description 
Tars from distillation are additionally processed to recover the maximum amount of feedstock 

(MDA or TDA) contained in tars. 

 

Technical description 

There are various technical approaches to achieve this goal: cracking of tars by thermal or 

chemical means. One option applies heat to tar with the addition of aniline and acid catalyst. 

 

Achieved environmental benefits 

Higher yields, reduced material usage, lower waste generation. 

 

Cross-media effects 

Higher energy usage. 

 

Example plants 

Zachem TDI plant in Poland. 

 

Reference literature 

US4089901. 

 

Recover TDI or MDI from oligomer residues separation 

 
6.4.6.4.2 Description 

Tars from distillation are additionally processed to recover the maximum amount of TDI (or 

MDI) contained in tars. 

 

Technical description 

There are various technical approaches to achieve this goal: distillation or purification 

operations. Sulzer mentions thin film evaporator or other short path distillation units. 

 

Achieved environmental benefits 

Higher yields, reduced material usage, lower waste generation. 

 

Cross-media effects 

Higher energy usage. 

 

Example plants 

Bayer patents mention Bayer plants. 

 

Reference literature 

New Hybrid Process for Purification and Separation of MDI isomers (Manfred Stepanski-

Sulzer); US 3892634; 1975; Upjohn company; WO2010-040675A2; 2010; Huntsman. 

 

For further information on feedstock recovery techniques refer to Section 2.4, Generic 

techniques to consider. 
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6.4.6.4.3 Solvents 

 

This applies for both ODCB, DCB and methanol in formaldehyde. Methanol that arrives in the 

feedstock of MDA, formaldehyde, (0.5 %) as a stabiliser. 

 

Purify solvents to recycle 

 Description: MCB (phosgenation solvent) captured in air (adsorbers) can be 

incinerated or recycled. Solvents may need treatment (drying, purification) prior to 

recycling. 

Disposal by incineration 

• See incineration at the end of this section. 

 
6.4.6.4.4 Phosgenation residues 

 

Neutralisation 

 

Description 
Unrecovered residues from phosgenation of gases treatment system are destroyed by contacting 

with caustic soda.  

 
6.4.6.4.5 Residues from MDI: salts 

 

The main effluent from the MDI plant is generated in the neutralisation section that operates 

downstream of the condensation section. This stream contains a large amount of brine (salts). 

An organic and an aqueous stream are generated in this neutralisation section. 

 

Use of the MDA process  

 

Description 

This process is an improvement on the previous one (with acid catalyst) since it obviated the 

need for neutralisation of the acid catalyst. As a result, the effluent water from this section is 

free of salt. 

 

Reference literature 

Dupont and Bayer patents: US 3476806 and US 4061678A. 

 

6.4.6.5 Other wastes and collective disposal 
 

The use of concentrated sulphuric acid may generate corrosion products based on iron sulphate. 

Spent absorber: Activated carbon that has to be disposed of mainly in an incineration plant. 

 

Incineration 

 See the Waste Incineration BREF for this description. 

 Waste that may contain dioxins that can be destroyed by incineration.  

 Organic wastes from the manufacture of DNT, TDA and TDI are incinerated. Usually 

the distillation residue is incinerated after polymerisation to give solid particles or 

hydrolysed to recover part of the amines 

 An MDI plant in Portugal (and EDC/VCM plants) shared an incinerator for destruction 

of both liquid and gas organic emissions. 

 

The following data belongs to the MDI plant in Portugal. 
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Table 6.18: MDI streams that are treated in incinerator of Portuguese installation  

Stream Description/composition Amount (t/yr) 

Solvents and streams from 

halogenated organics washing  

Liquid stream with MCB 35 

Solvents and organic stream 

washing 

Liquid organic solvents 0.65 

Reaction and purification by-

product/residues 

Isocyanate oligomers with MCB 85.7 

N.B. (
1
) Gaseous vents are also sent here; those contain VOC, CO and HCl 

 (
2
) Composition: monochlorobenzene, dichlorobenzene, dichloromethane, MDI, TDI, phosgene, chloroform, 

solvents. 

 

6.4.7 Techniques to reduce other than normal operating conditions 
 

Other than normal operating conditions may generate increased, or different, emissions (types 

and values). The measures that are mentioned below are used by operators to reduce the 

frequency of occurrence and/or the impact of these events. 

 

6.4.7.1 Generic measures for other than normal operations 
 

Operating conditions such us shutdowns and start-ups deviate from normal operations but are, 

somehow, similar to other production processes. The measures that are taken to minimise their 

occurrence and their impact can be found in the generic chapter of this BREF. 

 

6.4.7.2 Specific measures for other operating conditions 
 

Certain specific events (other than normal operating conditions) that occur in TDI or MDI plants 

have specific measures to reduce the frequency of occurrence and impact on the environment. 

These specific measures are described below. 

 
6.4.7.2.1 Techniques to reduce emissions on corrosion events (both TDI and MDI) 

 

Description 

A group of managerial and operational techniques that are described in the standard operating 

procedures and/or process safety management system, and which address means to reduce 

corrosion. Procedures are set out under Strictly Controlled Conditions (REACH regulation). 

 

Technical description 

Operating procedures related to reducing decoking events will describe how personnel training 

is carried out for this topic. These procedures will also describe how to keep the corrosion rate 

low by: material choice, personnel training, preventive maintenance and analysis of the 

incidents and malfunctions. Different tools that allow anticipation of a leak include: field 

detectors and alarms, periodical thickness measurements, fugitive emissions programme, 

cooling water treatment monitoring and/or monitoring of water traces in the process.  

 Selection of resistant, high-grade materials for equipment and lines, careful testing of 

equipment and lines, leak tests, use of sealed pumps (canned motor pumps, magnetic 

pumps), and regular inspections of equipment and lines; and 

 Use of hydrochloric acid and high reaction temperatures necessitates the use of 

corrosion-resistant metallurgy. 

 Installation of continuously operating alarm systems for air monitoring, systems for 

combating accidental release of phosgene by chemical reaction (e.g. steam ammonia 

curtains in the case of gaseous emissions), jacketed pipes, and complete containment for 

phosgene plant units. 

 

Achieved environmental benefits 

Less frequent events or anticipation of corrosion leak will reduce emissions to water and/or air. 
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Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Generally applicable 

 

Economics 

 

Driving force for implementation 

Reducing corrosion leads to higher plant uptime, fewer shutdowns. 

 

Example plants 

 

Reference literature 

 
6.4.7.2.2 Techniques to reduce emissions on incinerator down time 

 

i) Emergency scrubber 

 

For emergency vent treatment  in the event of incineration being out of order. This is done in 

certain EU installations as the BREF review data collection reveals (data from MS). 

 

ii) Redundant incinerator system 

 

This is done in certain EU installations as the BREF review data collection questionnaires (from 

EDC/VCM plants) reveal. 

 

iii) Reliability programme for critical equipment 

 

Description 

A group of managerial and operational techniques that are described in the standard operating 

procedures and/or process safety management system, and which address means to reduce 

emissions related to incinerator bypass or downtime.  

 

Technical description 

The operation procedures related to reducing or coping with this critical device downtime will 

describe how personnel training is carried out for this topic. These procedures will also describe 

how to achieve a lower environmental impact during these events by: having a backup gas 

treatment unit, analysis on the incidents and malfunctions and preventive maintenance. Some 

plants would only change catalyst for this device during overall plant shutdown or during 

decoking events (low plant rate). 

 
6.4.7.2.3 Techniques to reduce emissions on equipment fouling 

 

Description 

A group of managerial and operational techniques that are described in the standard operating 

procedures and/or process safety management system, and which address means to reduce 

emissions related to equipment fouling.  

 

Technical description 

The operation procedures related to reducing or coping with these events will describe how 

personnel training is carried out for this topic. These procedures will also describe how to 

achieve a lower environmental impact during these events by:  

 

 efficient procedures for equipment cleaning; 

 monitoring of water traces in the process; 
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 cooling water treatment monitoring; 

 replacing equipment with new better designed equipment. 
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6.5 Emerging techniques 
 

[Note to TWG: the EIPPCB has developed some contents for the emerging techniques sections 

of the BREF. Neither the data collection questionnaires nor TWG members' spontaneous 

comments have provided sufficient information for the current BREF review on this topic. 

Therefore, TWG members are invited to complete the information collected by the EIPPCB: 

 The contents are presented in a tabular format in accordance with the BREF guidelines 

((2012/119/EU) 

 In some cases the technique has been identified as emerging but there is a lack of 

information to complete the fields to describe it] 

 

6.5.1 Phosgene-free process for TDI 
 

Description 

TDI can be produced directly from dinitrotoluene by liquid-phase carbonylation with o-

dichlorobenzene, avoiding the use of phosgene and the waste recovery problems associated with 

hydrogen chloride 

 

Commercially developed 

One-step processes based on the reaction between dinitrotoluene and carbon monoxide have 

been developed but not commercialised. 

 

Level of environmental protection 

Avoids the use of phosgene and the waste recovery problems associated with hydrogen chloride. 

 

Cost savings compared to existing BAT 

[Request to TWG: please provide further information on this topic.] 

 

Chance of becoming BAT in the future 

Not known 

 

When it might become commercially available 

Not known 

 

References 

http://www.icis.com/resources/news/2008/01/21/9093901/chemical-profile-tdi/ 

 

6.5.2 Gas phase phosgenation 
 

Description 

Bayer has developed technology that carries out phosgenation in the gas, rather than liquid, 

phase. 

 

Commercially developed 

 

Level of environmental protection 

Reduces solvents use by 80 %, energy use by 40 %. Producers are focusing development efforts 

on reducing costs and increasing plant size. 

 

Cost savings compared to existing BAT 

Reduces investment costs by 20 %.. 

 

Chance of becoming BAT in the future 

 

When it might become commercially available 

 

References 

http://www.icis.com/resources/news/2008/01/21/9093901/chemical-profile-tdi/
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See sections 6.4.3.2 and 6.4.4.3 

 

6.5.3 Phosgene-free route to MDI 
 

Description 

Phosgene-free route to MDI 

 

Commercially developed 

DMC is considered a prototype example of a green reagent as it is non-toxic, made by a clean 

process, is biodegradable and it reacts in the presence of a catalytic amount of base, thereby 

avoiding the formation of undesirable inorganic salts as by-products. 

 

Enichem recently announced that a pilot plant was planned for the phosgene-free two-step 

manufacture of TDI from TDA using dimethyl carbonate (DMC) to catalytically produce the 

urethane at 160 – 170 ºC (100 % conversion of TDA, 95 % selectivity for urethane), followed 

by cracking of the urethane in the gas phase at 400 – 450 ºC. 

 

ICI disclosed a process in which organic isocyanates (e.g. TDI) were prepared via the 

corresponding carbamates in high yield and selectivity by treating an amine (e.g. TDA) with 

DMC in the presence of a catalyst. 

 

A recent patent (US 6,992,214 B2, Jan. 31, 2006) assigned to Dow Global Technologies 

discloses an integrated process for producing toluene diisocyanate (TDI) from toluene diamine 

(TDA) and dimethyl carbonate (DMC). The process chemistry is not new, involving the 

intermediate production of the toluene diurethane (TDU) via reaction of TDA with DMC in the 

presence of a zinc catalyst followed by thermal decomposition of the TDU to TDI and 

methanol. 

 

Level of environmental protection 

Lower emissions of chlorinated compounds to air and water and lower dioxins generation 

 

Cost savings compared to existing BAT 

 

Chance of becoming BAT in the future 

 

When it might become commercially available 

 

References 
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7 ETHYLENE OXIDE AND ETHYLENE GLYCOLS  
 

 

7.1 General information 
 

[Request to TWG: please check the production capacity information and the detailed list of 

production sites set out in Table 7.1 and provide updates and corrections where appropriate.] 

 

Although ethylene oxide (EO) and ethylene glycols (EG) can be produced separately, nearly all 

European installations produce a mix of products on integrated plants. These processes are 

therefore considered together in this chapter. 

 

Ethylene oxide is an important chemical intermediate used in the production of ethylene glycols 

(as described here), but also detergent ethoxylates, ethanolamines, glycol ethers and polyols. A 

very small portion of EO production is employed directly as a sterilising agent and as a 

fumigation chemical. It is produced by the oxidation of ethylene. Ethylene glycol is a collective 

term that refers to monoethylene glycol (MEG), diethylene glycol (DEG) and triethylene glycol 

(TEG). It is produced by reacting ethylene oxide with water. Polyethylene glycols (PEGs) will 

also be produced as a distinct heavy product fraction during the manufacture of the other 

ethylene glycols. MEG is mainly used for the manufacture of polyester fibres and polyethylene 

terephthalate (PET); other uses include as an anti-freeze in cooling systems (e.g. car radiators). 

DEG is used in the fibre industry and as a tobacco humectant, and TEG is used in the 

manufacture of cellophane for food packaging. DEG and TEG are both used for gas drying. 

 

Industrial production of EO started in 1937 with a Union Carbide process based on ethylene and 

air. In 1958, oxygen (rather than air) processes were introduced by Shell Development 

Company, and most European EO plants are now based on pure oxygen feedstock. Ethylene 

glycols are produced by reacting EO with water. About 40 % of European EO production is 

converted into glycols, although globally the figure is about 70 %. 

 

Although production plants can be designed to produce either just high purity ethylene oxide or 

just ethylene glycols, it is more normal for a plant to produce a mix of the two. This reflects the 

fact that the production of ethylene glycol is a major end use for ethylene oxide, and that the 

handling and transportation of ethylene oxide is hazardous.  

 

EO is toxic and a human carcinogen. The vapour is a strong irritant of the eyes and respiratory 

system. EO gas can decompose explosively. Liquid EO polymerises easily. These properties 

necessitate special arrangements for storage and handling. However, there are also process 

integration drivers for producing a mixture of the two at the same location - the manufacture of 

ethylene oxide inevitably results in the formation of some ethylene glycols, and the excess heat 

generated during the production of ethylene oxide can be used to offset the energy demand 

associated with the dewatering and separation of ethylene glycols.  

 

The total European production capacity of EO (ex reactor) is about 3400 kt/yr, of which 2500 

kt/yr is produced at the EU’s 14 production sites (Table 7.1). North America, with 27 sites, has 

a production capacity of 5200 kt/yr, while eastern Europe, with 4 sites, has a production 

capacity of 260 kt/yr.  

 

This is old data we received from questionnaires from 10 sites – can we update? 

 

In 2013, the production capacity of ethylene oxide in Europe was ## million tonnes, which was 

XX % of global capacity. For ethylene glycol, the production capacity was ## million tonnes, 

which was XX % of global capacity. Global production capacity in 2013 was ## million tonnes 

of ethylene oxide and ## million tonnes of ethylene glycols. European production of ethylene 

oxide and glycols is summarised in Table 7.1 below. 
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Table 7.1: European producers of ethylene oxide and ethylene glycol 

Country City Operator EO Capacity 

Belgium Antwerp BASF 350 000 

Belgium Antwerp Ineos 350 000 

France Lavera BP Chemicals 200 000 

Germany Ludwigshafen BASF 200 000 

Germany Gendorf Clariant 160 000 

Germany Koln Erdolkhemie 220 000 

Germany Marl RWE/DEA 150 000 

Italy Gela Enichem 40 000 

Italy Priolo Enichem 30 000 

Netherlands Terneuzen Dow 150 000 

Netherlands Moerdijk Shell 250 000 

Spain Tarragona La Seda 100 000 

Sweden Stenungrund AkzoNobel 75 000 

UK Wilton UCC 300 000 

 

EO and EG are sold on chemical specification, and competition between producers is geared 

heavily towards price and margins are low. The market is global and prices are heavily 

influenced by the price of ethylene. 

 

Key Environmental Issues 

 

The key environmental issues for the production of ethylene oxide and ethylene glycols are the 

following. 

 

 Large amount of CO2 emissions to air that could be captured and sold for beneficial use. 

 Dealing with hazardous material: EO is toxic and a human carcinogen. The vapour is a 

strong irritant of the eyes and respiratory system. EO gas can decompose explosively, 

even without being mixed with air or an inert gas. Liquid EO polymerises easily in the 

presence of alkalis, mineral acids, metal chlorides, metal oxides, iron, aluminium or tin. 

These properties necessitate special arrangements for storage and handling. Liquid EG 

causes slight eye irritation and can cause skin irritation with repeated contact.  

 

The remaining emissions are not a technical challenge (e.g. COD in water, VOC in air) or have 

a relatively small volume/flow. 
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7.2 Applied processes and techniques 
 

7.2.1 Process options 
 

The principal options for the production of ethylene oxide are: 

 

 Direct oxidation of ethylene  

 Chlorohydrin route 

 Electro-chemical oxidation 

 Enzymatic oxidation. 

 

Of these, the most commonly applied process is the direct oxidation of ethylene and this is the 

only process described in detail in the subsequent sections of this chapter. The other processes 

are reviewed briefly below. 

 

The principal options for the production of ethylene glycol are: 

 

 Thermal hydrolysis of ethylene oxide  

 Hydrolysis of ethylene carbonate 

 Catalysed hydrogenation of carbon monoxide 

 Direct oxidation of ethylene. 

 

Of these, the most commonly applied process is the thermal hydrolysis of ethylene oxide and 

this is the only process described in detail in the subsequent sections of this chapter. The other 

processes are reviewed briefly below. 

 

7.2.1.1 Production of ethylene oxide 
 

a) Direct oxidation of ethylene 

 

Ethylene oxide can be produced commercially by the catalytic direct oxidation of ethylene using 

air or oxygen. However, the use of air has now been fully superseded by the use of oxygen in 

the EU-27. All plants responding to the questionnaire use oxygen, and it is anticipated that any 

new plant would also adopt the use of oxygen rather than air.  

 

Ethylene oxide (EO) is formed by reacting gaseous ethylene and oxygen over a solid, silver-

containing catalyst. The exothermic reaction is carried out at an elevated temperature (200–300 

ºC) and pressure (15–25 bar) with a residence time of one second. Very small amounts of 

acetaldehyde and formaldehyde may also be produced. 

 

C2H4 + ½O2 ---Ag---> C2H4O (+105 kJ/mol) (
1
) 

ethylene oxygen  ethylene oxide 

 

The main by-products are carbon dioxide and water, which result from the highly exothermic 

reaction.  Ethylene oxide may also be oxidised to carbon dioxide and water. 

 

C2H4 + 3O2 -------> 2CO2 + 2H2O (+1323 kJ/mol) (2) 

ethylene oxygen  carbon dioxide water 

 

The ratio between the above two reactions defines the selectivity of the process (i.e. the amount 

of EO produced per amount of ethylene consumed), and is mainly determined by the type of 

catalyst used. The selectivity to EO is 65–75 % (for the air process) or 70–80 % (oxygen 

process) at an ethylene conversion of 8–10 %. 

 

The reaction gases are recycled back to the oxidation reactor once the ethylene oxide product 

has been removed, and there is therefore a need to control the build-up of carbon dioxide 
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produced as a result of the full oxidation of some of the ethylene. Carbon dioxide can possibly 

be isolated for beneficial use.  

 

In 2013, the direct oxidation route using oxygen is the only one currently in use in the EU. 

Therefore it is the only route for the production of ethylene oxide that is considered further in 

this chapter.  

 

b) Chlorohydrin route 

 

This costly, two-stage process involves the liquid phase reaction between ethylene and 

hypochlorous acid to form an ethylene chlorohydrin intermediate, followed by conversion to EO 

with hydrated lime. The EO selectivity is about 80 %. However, this route results in the 

formation of unwanted ethylene dichloride and calcium chloride. Due to the high cost of 

chemical feedstocks (especially chlorine) and the considerable effluent load, this route was 

displaced by direct oxidation and is therefore not considered further in this chapter. 

 

c) Electrochemical oxidation 

 

This potential process route is still at an early stage of development, and it is not yet being 

exploited commercially.  

 

[Request to TWG: Is this a candidate for emerging techniques?] 

 

d) Enzymatic oxidation 

 

This potential process route is still at an early stage of development, and it is not yet being 

explored commercially.  

 

[Request to TWG: Is this a candidate for emerging techniques?] 

 

Since the ethylene feedstock is expensive and 20–30 % is lost by destructive oxidation, there is 

constant research and development into catalyst selectivity. Improved selectivity brings not only 

higher EO yields, but also less heat generation. In turn, a lower reaction heat increases catalyst 

lifetime and increases ethylene conversion. Due to its high fundamental selectivity, silver cannot 

be surpassed as the catalyst, but the catalyst support and the silver crystals can be optimised. 

There have been proposals to use primary alkali metal salt co-catalysts with silver to increase 

the EO selectivity to over 80 % (and 94 % in the case of Rb/Cs). 

 

Alkali metal salts (e.g. caesium) have also been used in the regeneration of silver catalyst to 

extend catalyst life. 

 

7.2.1.2 Production of ethylene glycol 
 

a) Thermal hydrolysis of ethylene oxide 

 

At the time of writing (2013), the thermal hydrolysis of ethylene oxide accounts for all of the 

ethylene glycols manufactured in the EU-27. 

 

This route involves the following sequence of process steps: 

 

 reaction of ethylene oxide with a significant stoichiometric excess of water at a 

temperature of 120–250 °C and a pressure above 10–40 bar; 

 separation by distillation (and subsequent recycle) of the water from the ethylene 

glycols mixture; 

 separation by distillation of the mono-, di-, tri- and polyethylene glycols, employing 

progressively higher levels of vacuum. 
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The process can be summarised as shown below. 

 

 

Figure 7.1: Process flow diagram for ethylene glycol production 

 

In commercial units, the crude glycols mixture typically contains between 70 % wt and 95 % wt 

of MEG. 

 

C2H4O + H2O -------> HO-C2H4-OH (
3
) 

EO  water   MEG 

 

The main co-product in the MEG manufacturing process is diethylene glycol (DEG), which is 

formed by the reaction of MEG with EO. 

 

HO-C2H4-OH + C2H4O -------> HO-C2H4-O-C2H4-OH (
4
) 

MEG   EO   DEG 

 

The DEG can react further again with EO (ethoxylation) to form triethylene glycol (TEG) and 

heavier glycols. 

 

HO-C2H4-O-C2H4-OH + C2H4O -------> HO-C2H4-O-C2H4-O-C2H4-OH 

DEG    EO   TEG (
5
) 

 

b) Hydrolysis of ethylene carbonate 

 

Ethylene oxide can be reacted with carbon dioxide (possible using the CO2 evolved from the 

oxidation of ethylene to ethylene oxide) to produce ethylene carbonate. The subsequent 

hydrolysis of ethylene carbonate would result in the selective production of monoethylene 

glycol, (which is normally the preferred co-product), and is effectively a variation on the 

thermal hydrolysis route. At the time of writing (2013), this route is not used in the EU and is 

therefore not considered further in this chapter. 

 

c) Catalysed hydrogenation of carbon monoxide 

 

In the past, ethylene glycol has been produced commercially by the hydrogenation of carbon 

monoxide. However, this route is no longer commercially attractive; it is not currently used in 

the EU and is therefore not considered further in this chapter. 

 

d) Direct oxidation of ethylene 

 

In the past, ethylene glycol has been produced commercially by the direct oxidation of ethylene, 

but problems with corrosion halted this route’s adoption over the long term. Recent 

developments in catalyst technology are currently under consideration that might make this 

route a credible future option. However, the industrial application of these has not yet been 

exploited and so this process is not considered further in this chapter. 

 

Ethylene glycol can also be produced by glycolysis. Ethylene oxide is fed into ethylene glycols 

at 120–150 ºC under slight excess pressure and in the presence of an alkaline catalyst. Ethylene 

glycols are the major derivative of ethylene oxide so process development has the following 

aims.  
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 Improving selectivity of the current EO route through the avoidance of total oxidation, 

minimisation of by-product formation, reduction of energy costs and prolongation of 

catalyst life. 

 Developing new indirect routes based on ethylene. Routes include Ethylene 

Acetoxylation (ethylene is oxidised in the presence of acetic acid to glycol mono and di-

acetates and then hydrolysed to EG) and Indirect Hydrolysis (EO is reacted with carbon 

dioxide to form an ethylene carbonate intermediate, which is then hydrolysed to EG and 

carbon dioxide). 

 Direct synthesis without the expensive EO intermediate. These may be based on 

ethylene, ethane or C1 compounds (synthesis gas, methanol, formaldehyde). 

 

7.2.2 Direct oxidation route 
 

The use of air has now been fully superseded by the use of oxygen in the EU-27, and it is 

therefore anticipated that any new plant would adopt the use of oxygen rather than air. The 

direct oxidation of ethylene using oxygen involves the following sequence of process steps: 

 

 partial oxidation of ethylene using oxygen in the presence of a silver catalyst at 

temperatures of 200–300 °C, and a pressure of 15–25 bar; 

 absorption of the ethylene oxide produced into water; 

 concentration and subsequent purification by distillation of the ethylene oxide.  

 

The reaction gases are recycled back to the oxidation reactor once the ethylene oxide product 

has been removed, and there is therefore a need to control the level of carbon dioxide produced 

as a result of the full oxidation of some of the ethylene. This can possibly be isolated for 

beneficial use, with one potential use being reaction with ethylene oxide to form ethylene 

carbonate, from which monoethylene glycol can be selectively produced, although the carbon 

dioxide would ultimately be liberated at the end of this reaction when the monoethylene glycol 

is formed. 

 

The manufacture of ethylene oxide using oxygen is shown in Figure 7.2 below. 

 

 

Figure 7.2: Process flow diagram for ethylene oxide production 

 

EO/EG plants can be designed for the production of: 

 

 glycols only (without high purity EO recovery); 

 high purity EO only with a minimum production of unavoidable glycols; 

 a product mix of high purity EO and glycols on an integrated plant. 
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In practice, the third configuration is usually adopted because: 

 

 MEG is the most important outlet for EO; 

 the hazardous nature of EO makes it easier to transport EG; 

 the EO process intrinsically forms glycols, which require work-up; 

 it provides efficient heat integration of the exothermic EO and energy-consuming EG 

stages (the reaction of EO and water to make glycols is exothermic but the glycol plant 

is a net consumer due to the large heat demand of the evaporation and distillation 

stages). 

 

Although there are a number of different EO/EG manufacturing process licensors, the process 

technologies are broadly similar and the unit operations can be grouped into four sections: 

 

 Section 1: EO reaction, EO recovery and carbon dioxide removal; 

 Section 2: Non-condensables removal and EO purification; 

 Section 3: Glycols reaction and dewatering; 

 Section 4: Glycols purification. 

 

These are shown schematically in Figure 7.2 for an oxygen process. 

 

Section 1: Ethylene oxide reaction 

 

Feedstock ethylene is typically received by pipeline from a steam cracker. The oxygen can be 

provided by air (in an air-based process) but most modern processes are based on pure oxygen 

supplied by pipeline from an air separation unit (ASU). 

 

The reaction between ethylene and oxygen is carried out in a multi-tubular, fixed-bed type 

reactor, with a silver oxide catalyst in the tubes and a coolant on the shell side. The heat 

generated by the exothermic reactions is removed by the coolant, and is recovered by producing 

steam. The steam is used as a heating medium in various sections of the plant. 

 

A large gas flow is circulated continuously through the EO reactors. Reaction products (EO, 

carbon dioxide and water) are removed from the circulating gas while unconverted oxygen and 

ethylene are recycled back to the reactor. There is a fire and explosion risk with heterogeneously 

catalysed direct oxidation processes and the recycle gas therefore contains a diluent (all sites 

responding to the questionnaire use methane) which allows operation at excess oxygen levels 

without causing a flammable mixture. A small amount of an organic chlorinated compound 

(typically ethylchloride or dichloroethane) is added to the recycle gas for catalyst performance 

control, and the chloride will end up in various product and effluent streams, partly as inorganic 

chloride (e.g. NaCl). 

 

A vent stream is taken from the recycle gas in order to reduce the build-up of inerts like ethane, 

argon and nitrogen, impurities present in the ethylene and oxygen feedstocks. The inerts' vent is 

typically used as fuel gas and burnt (e.g. in a cracker furnace or steam boiler). Make-up 

ethylene, oxygen and diluent are added to the recycle gas loop. 

 

Section 1: EO recovery 

 

EO is recovered from the gaseous reactor effluent by absorption in water. The aqueous EO 

solution from the absorber is concentrated in a stripper. The top stream of the stripper is a 

concentrated EO/water mixture that is routed to a section for non-condensables' removal and EO 

purification. The bottom stream of the stripper is an EO-free water stream that is cooled and 

returned to the EO absorber 

 

Typically one or more bleed streams are taken from the EO recovery section to reduce 

accumulation of glycols and/or salts. After recovery of EO and/or glycols from the bleed(s) a 

residue remains which is disposed of. 
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Section 1: Carbon dioxide removal 

 

Part of the recycle gas that leaves the EO absorber is routed through a column in which carbon 

dioxide (generated in the oxidation process) is removed by absorption in a hot potassium 

carbonate solution. 

 

CO2 + K2CO3 + H2O -------> 2 KHCO3 (6) 

 

The carbon dioxide is subsequently removed from the carbonate solution in a stripper. The 

carbon dioxide vent from the top of the stripper is either routed to atmosphere or recovered for 

further use (e.g. carbonated drinks). The regenerated carbonate solution from the stripper 

bottom is cooled and recycled to the carbon dioxide absorber. The carbon dioxide-depleted 

overheads stream from the absorber is recombined with the recycle gas stream and routed to the 

EO reactor(s). 

 

Plants that use air instead of pure oxygen as a feedstock have a slightly different configuration. 

In order to dispose of the large volume of inert nitrogen that enters the process via the air feed, 

part of the recycle gas is routed to a second EO reactor (purge-reactor) to convert most of the 

ethylene. EO is recovered from the purge-reactor product gas via absorption in water, and the 

remaining gases (unconverted ethylene, nitrogen and carbon dioxide) are vented to atmosphere. 

When compared with pure oxygen plants, air-based plants have higher atmospheric emissions 

and lower yields. 

 

Section 2: Non-condensables' removal and EO purification 

 

The overhead stream of the EO stripper (EO/water mixture) is partially condensed and routed to 

a unit for removing traces of carbon dioxide, ethylene and other non-condensables. The non-

condensables are routed back to the recycle gas loop while the purified EO/water mixture is 

routed to a unit for high purity EO recovery and/or to the glycols reactor. 

 

Most plants in Europe have an EO purification unit in which high purity EO is recovered via 

distillation from the EO/water mixture that results after non-condensables' removal. The EO 

product is typically chilled and routed to storage. The water is either recycled to the EO 

recovery section or routed to the glycols unit. EO is a gas at ambient temperatures and is 

generally stored under a nitrogen blanket at approximately 10 ºC, although it can be stored at 

ambient temperatures and elevated pressures. 

 

Vent gases from EO storage and other EO-containing vent gases are typically routed to 

atmosphere via an absorber that recovers the EO and recycles it to the process. If not used 

immediately on site, EO is normally shipped in railroad tank cars that are loaded directly from 

plant storage tanks. The transfer generally occurs at about 350 kPa nitrogen pressure. 

 

Section 3: Glycols reaction and dewatering 

 

Glycols are manufactured by feeding a mixture of EO and water to a reactor that is operated at 

an elevated temperature of typically 150–250 °C. Under these conditions, reaction rates are fast 

and no catalyst is required. Sufficient residence time is provided to react all EO to full 

conversion. A reactor pressure of 30–40 barg is typically applied to avoid vaporisation of the 

EO. The reactor feed contains an excess of water in order to limit the adiabatic temperature rise 

and to enhance the selectivity to MEG. Typically the glycol products consist of 70–95 %w/w 

MEG, with the remainder being DEG and some TEG. All (100 %) of the EO feed is converted 

into glycols (either MEG, DEG, TEG or heavy glycols) although some of the heavy glycols may 

be subsequently incinerated. 

The product stream from the glycols reactor contains the various glycol products and the excess 

of water. The excess water is removed by multiple effect evaporation with subsequent vacuum 

distillation and, after heat exchange, is recycled back to the glycols reactor. A bleed is taken 
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from the water recycle to reduce the build-up of impurities. Low-pressure steam generated in 

this section is used as heating medium at various locations in the plant. 

 

Section 4: Glycols purification 

The water depleted crude glycol stream is fractionated in a number of vacuum columns to 

recover the individual glycol products at high purity level. The glycol products are cooled and 

routed to storage. The bottom stream from the last vacuum column contains the heavier glycols 

and can be sold for further glycols recovery or sent for disposal (e.g. incineration) 

 

7.2.3 Other than normal operating conditions 
 

7.2.3.1 Specific other than normal operating conditions 
 

The following operations deviate from the stable and normal operating procedures:  

 

 Product isolation: A problem with the operation of the ethylene oxide scrubber would 

result in higher quantities of ethylene oxide in the recirculating gases, and therefore in 

the purged gas stream. As ethylene oxide has a high vapour pressure, a problem with 

incomplete recovery of ethylene oxide from the recycled scrubbing water could also 

result in an elevated ethylene oxide level in the recirculating gases post-scrubbing. 

 Heat removal: The oxidation is exothermic and this heat is normally removed by 

vaporising water to produce steam (or by heating oil). If the supply of water (or oil) 

were to be interrupted or reduced to a problematic level, or some other problem 

occurred that gave rise to the same outcome, this could result in the overheating of the 

reactor, which could in turn result in a runaway reaction, and therefore a need for the 

pressure relief system to operate. 

 Overdosing: The overdosing of the organochlorine inhibitor would increase the amount 

of this that is present in the recirculating process gases, and therefore the amount that 

would be present in the purge gas stream. 

 Lack of demand: As discussed below, one option for the handling of the purge stream 

could be its beneficial use as a fuel. Consequently, if a situation arose whereby the 

purge stream could not be used beneficially for a period of time due to the temporary 

unavailability of the plant that normally made beneficial use of the purge stream, this 

could result in a situation that might qualify as an other than normal operating 

condition. In the context of ethylene oxide manufacture, particularly as the measures for 

the handling of the purge in such potentially infrequent circumstances (e.g. open flare) 

might not be as good as what might be employed where beneficial use was practised 

either infrequently or not at all. 

 Contamination: The presence of a substance that would catalyse the polymerisation of 

ethylene oxide could result in a runaway reaction that would probably require the 

operation of emergency relief systems, resulting in a release to the environment. 

 

7.2.3.2 Generic other than normal operating conditions 
 

The following operations deviate from standard operating procedures in EO manufacturing 

plants. 

 

 Routine start-up: the process of filling the plant could result in displaced gases that 

would ultimately need to be vented. 

 Shutdown for maintenance preparation: when the plant is shut down its inventory will 

need to be removed, and a process of purging may be employed in order to eliminate 

hazardous substances (and ethylene oxide in particular), particularly where maintenance 

activities are anticipated. Equipment flushing, higher load to WWT, potential emission 

to surface water (rainwater) header. 

 Malfunction of pressure control: a problem with a storage tank’s pressure control 

system (possibly the nitrogen supply valve, or a terminal PSV) could result in ongoing 
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emissions. This could be a particular issue where pressurised nitrogen filling operations 

are practised. 

 Malfunction of temperature control: a problem with the supply of chilled cooling 

service (due to a stuck valve, pump failure, control loop issue, etc.) could lead to 

ʻboilingʼ and therefore an over-pressurisation that might lead to an emission. 

 Malfunction of abatement: a problem with any scrubber or oxidiser whose duty is to 

abate emissions from storage. 

 Containment losses greater than normal in systems that operate under vacuum: this will 

increase ejector water/steam usage, and net emissions to water or air. 

 Plant idle due to loss of containment: corrosion or rupture disk. Service or utility 

failure: malfunction of cooling water and/or chilled water; power, DCS, instrument air. 

 

7.2.4 Equipment important for environmental protection 
 

The following systems perform important operations for environmental protection and require 

the longest uptime possible.  

 

 Air 

o shared oxidiser for vent treatment; 

o recycled gas control in oxidation loop; 

o CO2 system. 

 Water 

o stripping. 

 Waste 

o catalyst management system/procedures. 
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7.3 Current emission and consumption levels 
 

7.3.1 Emissions to air 
 

A rather dated report [EC VOC Task Force, 1990 #116] gives average VOC arisings (prior to 

treatment) from ethylene oxide plants as 20.5 kg/t ethylene oxide product. In air-based plants 

VOCs mainly arise from the secondary absorber vent and the fractionating tower vent, whilst in 

oxygen-based plants the main sources are the absorber vent and the carbon dioxide absorption 

system. A comparison of VOC arisings is given in Table 7.2. 

 
Table 7.2: Specific air emissions from EO 

 Air-based plants Oxygen-based plants 

Ethane (kg/t EO product) 6 3 

Ethylene (kg/t EO product) 92 0.1–2.5 

Ethylene oxide (kg/t EO product) 1 0.5 

 

7.3.1.1 Inert purge from the reaction section 
 

The inerts purged from the gas loop form a large stream in the case of the air-based process but 

are minor when the oxygen-based process is used. In the oxygen-based process, the inerts vent 

consists mainly of hydrocarbons. Small amounts of ethylene dichloride, which is used in small 

quantities to modify the oxidation reaction, are also present [Environment Agency (E&W), 1999 

#7]. 

 

This stream is treated by flaring or passes to the fuel gas network for combustion. The effluent 

and emission contents are given in Table 7.3. 

 
Table 7.3: Specific air emissions from EO 

 
Pre-Treatment Post-Treatment 

All units Lowest 50 % All units Lowest 50 % 

Total vent flow (kg/t 

EO ex reactor)  
2.5 - 120    

Hydrocarbon content 

(wt %) 
30 - 80    

Hydrocarbon load 

(kg/t EO ex reactor) 
2 - 36 2 - 10 0* - 16 0* 

N.B. * In the case of treatment by oxidation, the emissions are considered to be zero. 

 

In order to limit the build-up of ʻinertʼ compounds introduced along with the ethylene and 

oxygen raw materials (e.g. nitrogen, argon, ethane), it is necessary to purge a proportion of the 

recirculating process gas, which can be done as shown as 2.1 in figure 7.3 below, or 

alternatively the purge can occur downstream of the CO2 removal step. From the 2013 EIPPCB 

questionnaire, approximately half the installations have the purge upstream of CO2 removal and 

half downstream. 
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Figure 7.3: Inert purge in a block flow diagram of an EO plant 

 

The composition is as follows. 

 

 Some of the carbon dioxide that results from the full oxidation of a portion of the 

ethylene will be present irrespective of whether the purge occurs before or after the CO2 

removal step. Due to the desire to target selectivity rather than per pass conversion 

efficiency, the recirculating process gas will also contain significant 

unreacted/unoxidised ethylene, and there will also be unreacted oxygen present. The 

relative proportions of ethylene, oxygen and carbon dioxide will depend upon the 

respective addition rates of the reagents, the conversion rate and selectivity of the 

oxidation reaction, and the location at which the purge stream is removed.  

 The recirculating process gas and therefore the purged gas contain some traces of 

ethylene oxide.  

 The addition of an organochlorine inhibitor (such as ethylchloride or dichloroethane) to 

help minimise the proportion of ethylene that is fully oxidised to carbon dioxide will 

mean that this too will be present in the recirculating gases (no more than trace levels).  

 A diluent will normally be added to allow the process to operate safely at a higher 

oxygen concentration. The diluent used is normally either methane or nitrogen, and the 

purge gas will therefore also contain whichever diluent is used. From the 2013 EIPPCB 

questionnaire, all installations use methanol as a diluent. 

 Contaminants present in the raw materials (e.g. ethane and argon), and by-products 

formed within the process (e.g. acetaldehyde, formaldehyde, acetic acid and formic 

acid) will also be present at generally very low levels in the purge gas stream, although 

some of these (and also some ethylene) will be absorbed to a certain extent during the 

ethylene oxide scrubbing step, and may ultimately form part of the light ends. 

 

7.3.1.2 Emissions to air from the CO2 removal section 
 

A portion of the ethylene is fully oxidised to carbon dioxide, and some of this therefore needs to 

be removed from the recirculating process gas stream in order to maintain the CO2 

concentration at an appropriate level. Carbon dioxide has a direct effect on the selectivity of the 

catalyst, i.e. the relative proportions of ethylene oxide and carbon dioxide that are formed. 

Carbon dioxide is removed from the recirculating process gases by absorbing an appropriate 

proportion in the recycled process gas after ethylene oxide isolation into an appropriate medium 

(normally potassium carbonate), from which the carbon dioxide can subsequently be desorbed. 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 7 

SH/TS/EIPPCB/LVOC Draft 1 April 2014 301 

The desorbed CO2 stream could be emitted to air, although it could alternatively be put to 

beneficial use. The carbon dioxide purge is shown as 2.2  in figure point 7.4 below.  

 

 

Figure 7.4: CO2 purge in a block flow diagram of an EO plant 

 

In the oxygen-based process, the overhead stream of the carbon dioxide stripper contains carbon 

dioxide and small amounts of ethylene, methane and EO. It is treated by physical treatment 

(enrichment for recycling of valuable substances), or by thermal or catalytic oxidation. The 

resulting stream is essentially pure carbon dioxide (and water) containing traces of 

hydrocarbons (methane and/or ethylene), and where possible is sold to a customer. More often, 

the treated stream is vented to atmosphere. Effluent and emission levels are given in Table 7.4. 

 
Table 7.4: Specific air emissions from EO processes 

 
Pre-Treatment Post-Treatment 

All units Lowest 50 % All units Lowest 50 % 

Ethylene (kg/t EO ex 

reactor)  
0.1 - 2    

Methane (kg/t EO ex 

reactor)  
0 - 1    

Ethylene and 

Methane (kg/t EO ex 

reactor)  
0.4 - 3 0.4 - 1 0* - 3.1 0* - 0.2 

* In the case of treatment by oxidation, the emissions are considered to be zero. 

 

The carbon dioxide that is desorbed from the scrubbing medium will contain co-absorbed 

volatile organic substances. The common methods for monitoring these streams are as follows. 
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Table 7.5: Monitoring methods - emissions to air 

 NMVOC Methane Aldehydes 

Analytical method DIN EN 13649 

GC, GC/MS, HPLC 

ISO 14965 EN 

GC 

DIN EN 13649 

GC/MS, HPLC 

Frequency 1 every year 1 every year 1 every year 

Sample size 1000 cm
3
 1000 cm

3
 1000 cm

3
 

Reference % H20 (zero 

by default) 

dried CO2 dried CO2 dried CO2 

 

7.3.1.3 Emission of VOCs to air from EO isolation 
 

The water into which the ethylene oxide is absorbed will also contain some of the various VOCs 

that are present in the recirculating process gas (e.g. ethylene, aldehydes, organochlorine 

inhibitor), and these are stripped from the desorbed ethylene oxide prior to its purification. The 

overheads from the column are also likely to contain some ethylene oxide. If the light ends are 

not recycled to the process, the fact that they may contain ethylene oxide means that they would 

need to be subject to appropriate treatment, options for which are explored in Chapter 7.4. 

 

7.3.1.4 Emissions to air from shared vent treatment system 
 

The common vent treatment system is normally a scrubber. The water scrubber that recovers 

EO from process streams has an overhead stream of nitrogen that contains some EO. This 

scrubber outlet stream is vented to atmosphere. The range of EO loads for all units is 0.1–40 

ppm wt, and the lowest 50 % of units contain 0.1–3 ppm wt [CEFIC, 2000 #103]. 

 

7.3.1.5 Emissions to air from EG fractionation 
 

Non-condensable gases are vented from the vacuum system(s) serving the evaporators and 

distillation columns that are employed to respectively dewater and separate the individual 

ethylene glycols. 

 

 

Figure 7.5: Fractionation vent in a block flow diagram of an EG plant 

 

The substances present in the evacuated gases may include the: 

 

 ethylene glycols: these have very low vapour pressures, and are unlikely to be emitted 

in material quantities where efficient condensation is employed;   
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 VOCs: any light ends (volatile aldehyde by-products that are produced during the 

hydrolysis step, and any unreacted ethylene oxide) should be recycled with the water.  

 

7.3.1.6 Emissions to air from diffuse emissions 
 

The ethylene oxide/water mixture that is left after the stripping of volatiles mentioned 

previously is concentrated by distillation before proceeding to purification. This concentration 

results in a water bottom product that is recycled to the ethylene oxide scrubber afterwards in 

order to reduce water consumption. As the ethylene oxide scrubbing efficiency will be affected 

by the temperature of the water, the water needs to be cooled before being reused. The recycled 

water should contain few residual VOCs; these could be emitted to air in a diffuse fashion if 

direct air contact cooling of the recycled water is employed. 

 

7.3.1.7 Fugitive VOC emissions to air 
 

See the CWW BREF on fugitive emissions. Fugitive/non-channelled emissions of EO and EG 

will arise from the process, but they are difficult to quantify and no data are provided. They will 

arise from non-channelled emission points, reactor analyser vents and from maintenance 

activities. The fugitive emissions of EO tend to be extremely low, because much attention is 

paid to the minimisation of occupational exposure. Fugitive emissions for an average ethylene 

oxide plant have been estimated to range between 148 kg/day and 188 kg/day [EC VOC Task 

Force, 1990 #116]. 

 

7.3.1.8 VOC emissions to air from storage 
 

See EFS BREF. Ethylene oxide product is normally stored under pressure under a nitrogen 

blanket, and possibly also at reduced temperature. Under normal operating conditions, 

emissions of ethylene oxide may occur during tank or tanker filling, and possibly due to 

breathing losses. Ethylene glycols have very low vapour pressures and are normally stored in 

atmospheric tanks. Their emissions to air during storage are therefore not perceived as an issue 

worthy of consideration.  

 

Losses from storage tanks are assumed to occur only because of displacement during filling 

operations. In the absence of specific emission prevention/abatement measures, storage and 

loading are reported to generate 2.6 kg EO/t product [Rentz, 1999 #114]. 

 

7.3.1.9 Emissions to air from combustion processes 
 

See LCP BREF. Steam boilers or hot oil furnaces that supply heating fluid utilities can be 

dedicated to EO plants or shared with nearby installations. These emissions may also include 

the combustion of non-conventional (non-commercial) fuel such as the tar stream generated in 

fractionation section. Pollutants are obviously SOX, NOX, COX, dust, etc. 

 

Other than normal operations: dust emitted in shut blowing. 

 

7.3.2 Emissions to water 
 

In many cases, the aqueous effluent streams are treated in central facilities together with other 

streams, and this makes it difficult to establish the true contribution to the overall emissions. 

Discontinuous waste water streams are also present. The rinsing of process equipment, for 

example prior to maintenance, creates a weak stream of hydrocarbons. The number of cleaning 

operations is highly dependent on the maintenance regime and the frequency of discharge may 

range from ten per year to once every five years. This stream is typically directed to a central 

waste water plant for biological treatment. 
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 The low concentration stream prior to treatment may have a flow rate in the range of 

200–2300 kg/t EO ex reactor, and a TOC content of 0.3–2 % wt (1–20 kg TOC/t EO ex 

reactor) [CEFIC, 2000 #103].  

 The stream is preferably treated by a concentration stage to produce a concentrated 

organic phase that can be sold or incinerated.  

 Alternatively, the stream can be mixed with other effluents and biologically treated 

(with an assumed minimum efficiency of 90 %) prior to discharge to a water body. 

 

Process effluents. [CEFIC, 2000 #103] 

 

 The total plant effluent stream is generated at a rate of 450–1100 kg/t EO ex reactor. 

 It has a TOC content of 200–4000 ppm wt.  

 The specific TOC content is 0.1–4 kg TOC/t EO ex reactor for all units, and 0.1–0.22 

kg TOC/t EO ex reactor for the lowest 50 % of units.  

 The stream is mixed with other streams and treated biologically (with an assumed 

minimum efficiency of 90 %). The final emissions may contain 0.01–0.4 kg TOC/t EO 

ex reactor (all units) and 0.01 to 0.022 (for the lowest 50 % of units). 

 

7.3.2.1 Effluents from EO production 
 

The absorption of the ethylene oxide product in water will result in the inevitable formation of 

some ethylene glycols. As the absorption water is recycled, there is a likelihood of a build-up of 

ethylene glycols, and a purge stream is consequently needed in order to limit the extent of this. 

Furthermore, there is potential for salts to also build up within this recycle loop. The purge 

stream is shown in red below. 

 

 

Figure 7.6: Recycle water purge in a block flow diagram of an EG plant 

 

The composition is as follows. 

 

 The need for the purge stream is primarily to manage ethylene glycol levels, so ethylene 

glycols will therefore be present.  

 The purge stream may also contain organic acids, or their salts if the pH is adjusted. 

 The purge stream is removed after the concentration of the ethylene oxide prior to its 

purification. The purge stream should therefore contain only trace amounts of ethylene 

oxide under normal operating conditions. 
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This stream is either in large volume with low organics content, or a small-volume highly 

concentrated stream. High concentration streams are either sold as a by-product or incinerated, 

but low concentration streams require effluent treatment. 

 

7.3.2.2 Effluents from EG production 
 

In order to maximise the formation of monoethylene glycol, a significant stoichiometric excess 

of water is normally used during the ethylene oxide hydrolysis reaction. Both the amount of 

effluent that is generated and the quantity of water that is consumed are minimised by recycling 

the water after it has been separated from the ethylene glycols. Aldehydes that are formed 

during the hydrolysis reaction will remain in the water, and their levels therefore need to be 

controlled by purging a portion of the water that is recycled. It is possible that this purge, which 

is shown in red below, may be disposed of as an effluent. 

 

 

Figure 7.7: Water purge in a block flow diagram of an EG plant 

 

The purge will contain aldehydes, and possibly ethylene glycols. 

 

7.3.2.3 Emissions to water from vacuum systems 
 

The separation of the individual ethylene glycols is achieved by multiple distillations that are 

conducted under vacuum conditions. The systems employed for generating the vacuum can 

comprise steam ejectors and/or liquid ring pumps, in which case an aqueous effluent may arise. 

The emissions could be generated as a bleed from a recirculating cooling water circuit featuring 

e.g. a cooling tower, or be generated on a once-through usage basis. As ethylene glycols are 

readily condensable (due to their low vapour pressures) and miscible with water, any that are 

present (i.e. uncondensed or entrained) in the evacuated gases are likely to be mainly transferred 

to any effluents that might arise from the vacuum systems, either condensate from steam 

ejectors or water (purge) from a liquid ring pump that uses water (rather than glycol).  
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7.3.3 Raw material consumption 
 

The selectivity of the EO catalyst used in the process can have a significant impact on raw 

material and energy consumption, and also on the production of gaseous and liquid effluents, 

by-products and wastes. 

 

Catalyst selectivity, expressed as the number of moles of EO produced per mol of ethylene 

consumed, is a measure of the reactor performance and it shows how efficiently ethylene is used 

by the catalyst. 

 

Catalyst selectivities have improved from 50 % to around 80 %. This has been achieved by 

optimising the support materials and silver distribution, and by the use of promoters and 

moderators. Catalyst selectivity has a great impact on raw material consumption and formation 

of carbon dioxide by-product. 

 

Commercially available silver-based catalysts can be divided into two main categories and, 

depending on overall economics (e.g. ethylene pricing, catalyst costs, site aspects), either type 

can be selected 

 

 High selectivity catalysts have a higher initial selectivity, but they age relatively quickly 

and have to be changed more frequently (when selectivity falls below a critical level). 

 High activity catalysts have a lower initial selectivity, but have a longer life span as 

selectivity decline is slower and produces more heat (but also more carbon dioxide). 

The amount of heat produced by the chemical reactions (epoxidation and combustion) is 

also determined by catalyst selectivity. The heat of reaction is used to generate medium 

pressure steam, usually for use as a heating medium on the process or site.  

 

EO/EG production has two main raw materials in ethylene and oxygen (or atmospheric air). 

CEFIC advise [CEFIC, 2000 #103] that the unit costs and specific consumption of raw materials 

are kept confidential by producers because of their impact on competitiveness, and so only 

typical ranges are given in Table 7.6. 

 
Table 7.6: Raw materials consumption of ethylene oxide / ethylene glycols processes  

 Oxygen-based process Air-based process 

Ethylene 

Selectivity (%) 75–85 70–80 

Consumption (kg/t EO 

ex reactor) 
750–850 800–900 

Oxygen 
Consumption (kg/t EO 

ex reactor) 
750–1100  

Source: [CEFIC, 2000 #103] 

 

7.3.3.1 Ethylene 
 

The typical ranges are of 750–850 kg ethylene/ tonne ethylene oxide ex reactor for the oxygen 

processes (and 800–900 kg ethylene/ tonne ethylene oxide ex reactor for the air process)  

 

7.3.3.2 EO consumption 
 

The various co-products (mono-, di- and triethylene glycols) all have potential uses and values 

as co-products, and the ethylene oxide consumption therefore has to be seen in the context of 

the desired (or at least accepted) co-product profile. 

 

 The main reason for an increased ethylene oxide consumption rate could be loss of 

material in the bottom product from the final separation column. 

 The loss of ethylene glycols in the purge from the recycled water stream back to the 

glycol reactor will also result in an increase in the ethylene oxide consumption rate. 
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7.3.3.3 Other usages 
 

Diluent Consumption 

A diluent is used purely in order to ensure the safe operation of the process. 

  

Inhibitor Consumption 

The addition of an organochlorine inhibitor (such as ethylchloride or dichloroethane) is done to 

help minimise the proportion of ethylene that is fully oxidised to carbon dioxide.  

 

Absorber medium  

Absorbing an appropriate proportion of CO2 in the recycled process gas after ethylene oxide 

isolation into an appropriate medium (normally potassium carbonate), from which the carbon 

dioxide can subsequently be desorbed. 

 

7.3.4 Energy consumption 
 

The EO/EG process is both a consumer and a producer of energy. 

 

 The EO section is typically a net energy producer and this is used to generate steam. 

The steam production depends on the EO catalyst selectivity, which in turn depends on 

the type and age of catalyst operating conditions. 

 The EG section is a net consumer of energy. A multi-effect evaporator system can be 

used in the glycols dewatering section to reduce energy consumption. Furthermore, the 

heat released in the glycols reactor is used to reduce energy consumption at glycols 

dewatering. 

 

Catalyst selectivity and the relative sizes of the EO and EG sections influence the overall energy 

balance of the unit and define if a plant is a net steam importer or exporter. Low catalyst 

selectivity gives a higher level of reaction heat release and steam generation in the EO reactor 

section, and thus a relatively low level of energy import (but a relatively large volume of carbon 

dioxide is formed). Conversely, high catalyst selectivity involves a relatively high level of 

energy import. 

 

Apart from generating steam, the process also generates a number of gaseous and liquid effluent 

streams that may be recovered as fuel for furnaces, power plants or steam boilers. Optimisation 

of the energy balance is therefore typically on a site-integrated basis. Since each European plant 

has different characteristics, it is difficult to give a meaningful range of energy consumption 

figures. Even when they are available, care is required in interpretation since lower energy 

consumption could mean that a plant is converting more ethylene into carbon dioxide.  

 

These are the values of energy-related utilities per tonne of EO: pending questionnaire data 

 

 Electricity (kWh)               x-y 

 Steam (kWh)                 x-y 

 Total (kWh)                   x-y 

 Energy recovery (kWh)   x-y 

 

[Request to TWG: EIPPCB request additional data to populate the bullet points above.] 

 

Energy consumed in fractionation operations 

The removal of water from the ethylene glycols reaction mixture, and the subsequent 

fractionation of the individual ethylene glycols, requires an evaporation step followed by a 

series of distillations. 

 

Energy from vacuum generation 

The separation of the individual ethylene glycols is achieved by distillation columns in series 

operating under vacuum. Vacuum generation options include liquid ring pumps and/or steam 
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ejectors. Given the progressively high boiling points of the ethylene glycols, the level of 

vacuum is likely to be high, and this is likely to translate into relatively high energy demand. 

 

Energy from gas recycle 

The pursuit of selectivity rather than rate of conversion means that a significant proportion of 

the process gases need to be recirculated back to the reactor. This will require the operation of 

compressors, and these will have a potentially significant energy demand.  

 

7.3.5 Water consumption 
 

EO production: Water is used within the process to absorb ethylene oxide. The ethylene oxide 

is separated from the water later in the process, and this allows the recycling of the water (after 

suitable cooling). Additional water is required to compensate for the purge stream from the 

recycled water that is necessary in order to limit the build-up of glycols that are formed during 

the absorption.  

 

The net water consumption may be affected marginally by the water that will arise as a 

consequence of the full oxidation of ethylene, although there may be other losses of water from 

the ethylene oxide process that may need to be compensated for. The consumption of water can 

be reduced by recycling the water left after ethylene oxide desorption. 

 

EG production: As ethylene glycols are produced via a hydrolysis reaction, there is a net 

consumption of water by the process due to the chemical reaction. However, in order to limit the 

formation of heavy glycols, a significant stoichiometric excess of water is normally used. As a 

consequence of this, the process normally recycles the excess water after it has been evaporated 

from the ethylene glycols mixture. 

 

The main reason for requiring additional water over and above that which has reacted will 

therefore be to compensate for the purge stream from the recycled water that is necessary to 

limit the build-up of aldehydes that are formed during the reaction. 

 

7.3.6 Co-products, by-products and waste generation 
 

7.3.6.1 CO2 
 

As this could be emitted to air, it is considered in other sections of this chapter. 

 

7.3.6.2 Glycol residue 
 

A residue arises during the purification of ethylene oxide. Any stream concentrated in 

hydrocarbons can be either sold as a by-product, or incinerated as a waste. The rate of arising is 

in the range 0.5–10 kg/t EO ex reactor, and the typical hydrocarbon content is 40 % wt TOC. 

The bottom product from the purification of ethylene glycols separation column can potentially 

be sold. The 2013 EIPPCB questionnaire shows glycol residue from EO purification ranging 

from 3 kg/t to 45 kg/t of EO. 

 

7.3.6.3 EO spent catalyst 
 

The selectivity of the catalyst will deteriorate over time, until it needs to be replaced with fresh 

catalyst. The EO catalyst loses its efficiency over the time and it is periodically changed 

(typically every 1 to 4 years). The rate of generation is 0.12–0.8 kg/t EO (0.12–0.3 kg/t EO for 

the lowest 50 % of units). The catalyst is sent to reclaimers for recovery of the metallic silver 

content. The inert, inorganic support for the catalyst requires landfilling once the silver has been 

recovered. 
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7.3.6.4 Heavies from EG fractionation 
 

The last column of the glycols separation unit generates a bottom stream of heavy glycols 

(oligomers) at the rate of 2–100 kg/t EO (2–5 kg/t EO for the lowest 50 % of units). The stream 

is usually sold to customers, but may be incinerated. The 2013 EIPPCB questionnaire shows 

residues from EG separation ranging from 1.4 kg/t to 21 kg/t of EO. 

 

7.3.6.5 Others 
 

There are also other materials involved in the process (e.g. spent absorbent used for CO2 

removal). 
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7.4 Techniques to consider in the determination of BAT 
 

This section describes techniques (or combinations thereof), and associated monitoring, 

considered to have the potential for achieving a high level of environmental protection in the 

activities within the scope of this chapter. The techniques described will include both the 

technology used and the way in which the installations are designed, built, maintained, operated 

and decommissioned. 

 

It covers process-integrated techniques and end-of-pipe measures. Waste prevention and 

management, including waste minimisation and recycling procedures are also considered, as 

well as techniques that reduce the consumption of raw materials, water and energy by 

optimising use and reuse. The techniques described also cover measures used to prevent or to 

limit the environmental consequences of accidents and incidents, as well as site remediation 

measures. They also cover measures taken to prevent or reduce emissions under other than 

normal operating conditions (such as start-up and shutdown operations, leaks, malfunctions, 

momentary stoppages and the definitive cessation of operations). Cross references to other 

chapters are used, where relevant to avoid repetition. 

 

Annex III to the Directive lists a number of criteria for determining BAT, and the information 

within this chapter will address these considerations. As far as possible, the standard structure in 

Table 2.3 is used to outline the information on each technique, to enable a comparison of 

techniques and the assessment against the definition of BAT in the Directive. 

 

This chapter does not necessarily provide an exhaustive list of techniques which could be 

applied. Other techniques may exist, or may be developed, which could be considered in the 

determination of BAT for an individual installation.  

 

7.4.1 Techniques to reduce emissions to air 
 

7.4.1.1 VOC emission from the reaction section 
 

From the 2013 EIPPCB questionnaire, most installations in the EU recover ethylene from the 

inert purge either via PSA (adsorber) or membranes. After ethylene recovery, other VOCs are 

used as fuel at all installations. 

 

The techniques to reuse, recover or avoid/reduce the generation of this stream are as follows. 

 
7.4.1.1.1 Selection of diluent 

 

Description 

There is a fire and explosion risk with heterogeneously catalysed direct oxidation processes and 

the recycle gas therefore contains a diluent (e.g. methane) which allows operation at excess 

oxygen levels without causing a flammable mixture. A diluent is considered necessary in order 

to allow the process to function in an economic and safe manner. 

 

Technical description 

 Using methane as a diluent results in the conscious addition of a VOC (but obviously 

not an NMVOC) to the recirculating gases, thereby possibly increasing the VOC 

loading of the purge gas. The use of methane will increase the calorific value of the 

purge gas stream, and therefore enhance the chance of it being used beneficially as a 

fuel, and reduce the need for support fuel where non-beneficial oxidation is practised. 

 However, the use of nitrogen does not bring as many process benefits as it necessitates 

the maintenance of a lower maximum oxygen concentration, is less effective at limiting 

temperature rise, and requires more energy for the recirculation of the process gases. 

 

Achieved environmental benefits 

Using an inert diluent such as nitrogen will reduce emissions to air.  
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[Request to TWG: please provide further information on this topic.] 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical considerations relevant to applicability 

Oxygen based oxidation processes. 

 

Economics 

 

Driving force for implementation 

Safety. 

 

Example plants 

All plants in the EU have reported their use in EIPPCB questionnaire. 

 

Reference literature 

Previous BREF, Ullmann's Encyclopedia of Industrial Chemistry. 

 
7.4.1.1.2 Optimised recovery design of EO reaction section 

 

Description 

Include a second oxidation step to increase overall yield. 

 

Technical description 

Second oxidation reactor (to convert most of the residual ethylene into EO) followed by a 

second absorber (collecting EO as an aqueous solution). 

 

Achieved environmental benefits 

Lower emissions of EO to air. 

 

Environmental performance and operational data 

 

Cross-media effects 

With more absorbers, there is a risk of a larger emission to water. 

 

Technical considerations relevant to applicability 

New installations or major retrofits. 

 

Economics 

 

Driving force for implementation 

Safety. Also, feedstock yields are higher and thus the operating costs lower. 

 

Example plants 

 

Reference literature 

 
7.4.1.1.3 Wet gas scrubber 

 

Ethylene recovery via absorption: Wet scrubbing (or absorption) is a mass transfer between a 

soluble gas and a solvent (e.g. water, alkaline solution) in contact with each other. Physical 

scrubbing is preferred for chemical recovery, whereas chemical scrubbing is restricted to 

removing and abating gaseous compounds. Physico-chemical scrubbing takes an intermediate 

position. The component is dissolved in the absorbing liquid and is involved in a reversible 
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chemical reaction, which enables the recovery of the gaseous component. See the CWW BREF 

for further information. 

 

It might be possible to recover ethylene in the purge stream and recycle this back to the process. 

In the air-based process, a large volume of nitrogen enters the process via the air feed. Part of 

the recycle gas is routed to a second EO reactor to convert the ethylene present and the resulting 

EO is recovered via absorption in water. 

 
7.4.1.1.4 Adsorber downstream to capture EO 

 

Adsorption is a heterogeneous reaction in which gas molecules are retained on a solid or liquid 

surface (adsorbent also referred to as a molecular sieve) that prefers specific compounds to 

others and thus removes them from effluent streams. See the CWW BREF for further 

information on adsorption. 

 

Membrane technology could be employed in advance of the EOP. The suitability of such an 

approach will be heavily dependent upon the benefits relative to the costs associated with its 

implementation.  

 
7.4.1.1.5 Process optimisation: location of inert purge 

 

Description 

Location of purge: removing the purge after the carbon dioxide removal step will alter its 

composition, and this may enhance the chances of it being used beneficially. 

 

Achieved environmental benefits 

Lower emissions to air. 

 

Technical considerations relevant to applicability  

Oxygen-based oxidation processes. 

 
7.4.1.1.6 Shared vent header/treatment system 

 

The techniques to treat the inerts vent stream include the following. 

 

Recover energy by reusing this stream as fuel 

 The hydrocarbon content of the inerts vent gives it value as a fuel and it is often used as 

a fuel gas in site boilers. In these cases, the most significant potential emissions are 

NOX and CO, mainly dependent on the burner technology (low-NOX burners), and 

combustion control (advanced control systems). The use of the inerts vent as fuel gas is 

generally BAT. See the LVOC BREF generic Chapter. 

Thermal oxidiser 

 Thermal oxidation: the calorific value of this purge stream could be high (hence its 

potential use as a fuel), and the negative cross-media effect on energy consumption 

therefore might not be a significant issue. The quantity of organochlorine inhibitor 

present in the purge gas stream may be low enough under normal operating conditions 

not to necessitate an elevated operating temperature (which would avoid elevated NOX 

emissions). And there may also be no need to incorporate an HCl removal capability, 

which would have knock-on cross-media effects (e.g. scrubbing liquor where wet 

abatement is used, and spent absorbent where dry abatement is used). A generic 

analysis of this technique is provided in the CWW BREF. 

Catalytic oxidiser 

 There is likely to be a fractional percentage of ethylene in the vent gas and this can be 

removed by catalytic oxidation. In addition to destroying the ethylene, heat is generated 

which increases the power available for recovery in an expansion turbine. The 

remaining gases (mainly nitrogen and carbon dioxide) are vented to atmosphere. See the 

CWW BREF. 
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Wet gas scrubber 

 See the CWW BREF. 

Flare 

 Where the inerts vent has low value as a fuel, the stream is generally routed to a 

common flare system. Ground flares give higher incineration efficiencies than elevated 

flares, but their capacity is lower. Elevated flares have the disadvantage of noise and 

visible light. See the CWW BREF. 

 

7.4.1.2 Emissions from the CO2 removal system 
 

Carbon dioxide is removed by absorption in a hot carbonate solution. Carbon dioxide is then 

stripped from the carbonate solution by means of lower pressure and heat.  

 

The carbon dioxide stream can be minimised by: 

 

 catalyst system selection, preparation and management; 

 reducing the formation of carbon dioxide through the development of EO catalysts. 

 

As the carbon dioxide will normally be isolated in a relatively pure form, it could potentially be 

used beneficially, probably after some form of further treatment, e.g. catalytic oxidation or 

activated carbon adsorption (which are discussed below) in order to remove VOCs.  

 
7.4.1.2.1 Process route selection 

 

Description 

Ethylene oxide production process based on oxygen feed instead of air. 

 

Technical description 

 

Achieved environmental benefits 

i)  The air oxidation process has higher ethylene consumption, higher carbon dioxide 

production and produces larger amounts of off-gas.  

ii)  The oxygen process requires pure oxygen as a feedstock, and energy is used in the 

manufacturing of the oxygen, but it allows the recovery of pure carbon dioxide that can 

be reused (e.g. for blanketing) or sale. 

iii) Lower emissions to air. 

 

Environmental performance and operational data 

 

Cross-media effects 

The additional costs of pure oxygen consumption are more than compensated by reduced 

ethylene use and lower capital requirements per tonne of product. 

 

Technical considerations relevant to applicability  

New installations or major retrofits. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

The first generation of EU plants used air, but many of these plants have been replaced by, or 

converted into, plants using pure oxygen. Newly built EO plants now all use pure oxygen feed, 

which is more economically attractive. The additional costs of pure oxygen consumption are 

more than compensated by reduced ethylene use and lower capital requirements per tonne of 

product. 
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Reference literature 

 
7.4.1.2.2 Recover the carbon dioxide for sale as a product 

 

The beneficial use of CO2 will reduce CO2 emissions to air and facilitate the separation and 

potential recycling of other VOCs. 

 
7.4.1.2.3 Use of inhibitors 

 

The addition of an organochlorine inhibitor (such as ethylchloride or dichloroethane) in order to 

help minimise the proportion of ethylene that is fully oxidised to carbon dioxide will mean that 

this too will also be present in the recirculating gases. All installations do this; most use 

ethylchloride (0.5–2.5 kg/h). 

 
7.4.1.2.4 Condensation or cryogenic condensation 

 

The gaseous overhead stream from the carbon dioxide stripper is vented to air after partial 

condensation of water (if needed). The vent stream is mainly composed of carbon dioxide and 

water, but also contains minor quantities of ethylene and methane. See the CWW BREF. 

 
7.4.1.2.5 Distillation to enable recycling 

 

Recovering ethylene and methane from the fat carbonate solution before stripping out the 

carbon dioxide. ‘Flashers’ can recover a significant amount of the absorbed ethylene and 

methane from the carbonate solution prior to carbon dioxide removal in the carbon dioxide 

stripper. The overheads of the flasher can be recycled back to the process. See the CWW BREF. 

 
7.4.1.2.6 Staged carbon dioxide desorption   

 

Description 

Conducting the depressurisation necessary to liberate the carbon dioxide from the absorption 

medium in two steps rather than one would perform a separation of two streams: the CO2 from 

VOC stream. 

 

Technical description 

Allow an initial hydrocarbon-rich stream to be isolated for potential recycling, leaving a 

relatively clean carbon dioxide stream for recycling or emission to air. 

 

Achieved environmental benefits 

Lower emissions to air. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical considerations relevant to applicability  

Oxygen-based oxidation processes. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

See the 2003 LVOC BREF. 
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7.4.1.2.7 End-of-pipe treatment 

 

Thermal oxidiser 

 Removing ethylene and methane from the carbon dioxide vent. Either thermal or 

catalytic oxidisers represent techniques for abatement of the ethylene and methane as 

they ensure an overall VOC destruction of roughly 90 %. The vent stream after 

treatment is either routed to atmosphere or recovered for further use (the carbon dioxide 

customer may further purify the stream). See the CWW BREF. 

 The purge stream could be flared or incinerated in order to oxidise the VOCs, although 

safety considerations may make this technique unsuitable where ethylene oxide may be 

present to any real extent. 

 This is only used in one of the installations which responded to the 2013 EIPPCB 

questionnaire. 

Catalytic oxidation  

 Catalytic oxidation is normally a more energy-efficient method for destroying organic 

pollutants, although high levels of destruction are not guaranteed where methane is 

present, and there might be poisoning issues associated with its use in this context. A 

generic analysis of this technique is provided in the CWW BREF.  

 This is used by two installations according to the 2013 EIPPCB questionnaire. 

Adsorption 

 (Activated carbon.) This may be used as a purification step in advance of the beneficial 

use of the carbon dioxide, or perhaps as an abatement strategy for carbon dioxide that is 

emitted to air, particularly if it is employed in combination with staged depressurisation. 

A generic analysis of this technique is provided in the CWW BREF. None of the 

installations which responded to the 2013 EIPPCB questionnaire use this technique. 

 
Table 7.7: Emissions from the 2013 EIPPCB questionnaire 

(kg/t EO) 
NMVOC Methane 

Min Max Min Max 

plant 1 0.73 1.15 0.26 0.27 

plant 2 0.069 0.342 0.169 1.45 

plant 3 0.045 0.075 0.03 0.07 

plant 4 0.0042 0.0090 0.0055 0.0079 

plant 5 0.00788 0.00928 0.00139 0.00186 

plant 6 0.00076  0.0002055  

N.B: the min value was obtained by default configuration (inhibitor is EC, multisite, 

desorption, etc.) and with catalytic oxidiser on top of that. 

 

7.4.1.3 Emissions to air from EO isolation 
 

The techniques that can be employed to reduce VOC emissions associated with the light end 

fraction under normal operating conditions include the following. 

 

Gas recompression to recover energy or feedstock 

 Recycling of light ends: the light overheads mentioned in Section 7.3.1.1 can be 

collected and returned to the oxidation reactor loop after recompression. This will 

involve the recycling of non-condensables, but the features built into the management 

of the recirculation loop should be able to deal with this. The energy involved in 

recompression is not anticipated to be high. 

Thermal oxidation 

 See the CWW BREF. 

Catalytic oxidation   

 See the CWW BREF. 

Adsorption 

 See the CWW BREF. 
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7.4.1.4 Emissions to air from EG fractionation 
 

The techniques that can be employed to reduce emissions from the vacuum system’s vent under 

normal operating conditions include the following. 

 

High integrity equipment 

 High integrity equipment includes: valves with double packing seals; magnetically 

driven pumps/compressors/agitators; pumps/compressors/agitators fitted with 

mechanical seals instead of packing; and high integrity gaskets (such as spiral wound, 

ring joints) for critical applications. 

 As the ethylene glycols separation is carried out under vacuum, reducing leaks (which 

are not viewed as an other than normal operating condition in this context) will reduce 

the quantity of non-condensable gases that enter the distillation plant, thereby reducing 

the gas volumes handled by the associated vacuum systems, and consequently the likely 

emissions from them. However, a significant amount of air ingress might affect the 

level of vacuum that is achieved, which could affect the nature of the process vapours, 

and may result in a plant shutdown. 

Condensation and cryogenic condensation 

 Vacuum system design: the incorporation of suitably designed condensers with 

appropriate cooling media at appropriate points before, within and/or after vacuum 

systems could reduce VOCs in emissions. Although such an approach might allow the 

recovery of material for recycling, it could also give rise to a more contaminated 

effluent and/or a waste stream that would require disposal. 

 

7.4.1.5 Emissions to air from end-of-pipe techniques 
 

The techniques to minimise the EO load in vent streams include the following. 

 

Wet gas scrubber 

 Most of the individual process vent streams contain valuable components (ethylene, 

methane) in addition to EO. The streams are usually routed to a scrubber that is 

operated at the lowest possible pressure so that all process vents can be routed to it. EO 

is recovered by absorption in water, and recycled back to the process. The scrubber 

overheads stream is compressed and also recycled back to the process, leaving no 

residual effluent stream or emission to atmosphere. See the CWW BREF. 

Best practices in storage design 

 Some EO-containing vent streams do not contain other valuable components (e.g. EO 

storage and EO loading/unloading operations consist mainly of nitrogen). Such streams 

are typically vented to atmosphere after treatment. Techniques to minimise these 

streams include: providing pressure balancing lines between EO tanks and installing 

vapour return systems during EO loading/unloading. 

 

The techniques to treat the EO stream include the following. 

 

Wet gas scrubber 

 EO-containing vent streams that are unattractive to recycle back to the process are 

typically treated by water scrubbing. Where plant configuration allows, the recovered 

EO can be recycled back to the process or to biological treatment while the remaining 

inerts (typically nitrogen) are vented to atmosphere. See the CWW BREF. 

Thermal oxidation 

 If no vent compressor system is available to recycle the vents containing non-

condensable hydrocarbons back to the process, such vents can also be sent to a flare or 

incinerator. See the CWW BREF. 

 

7.4.1.6 Fugitive emissions 
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Due to its toxic and carcinogenic nature, threshold limit values for EO in ambient air are very 

low (in the order of 1 ppm). For occupational health reasons, extensive measures have been 

taken by the industry to prevent EO releases, including fugitives, or to detect them at an early 

stage such that remedial measures can be taken promptly.  

 

In addition to the generic techniques described in Generic chapter, the specific techniques to 

minimise fugitive emissions may include the following [CEFIC, 2000 #104] [SEPA, 2000 #76]. 

 

Prevention techniques for diffuse emissions of VOCs 

 careful material selection for seals, O-rings, gaskets, etc. in EO duty; 

 use of double seals or tandem seals on pumps in EO duty or use of canned or magnetic 

drive pumps. 

Targeted monitoring of pollutants in ambient air  

 application of metal strips around flanges with a vent pipe sticking out of the insulation 

that is monitored for EO release on a regular basis; 

 installation of sensitive EO detection systems for continuous monitoring of ambient air 

quality (these systems also detect ethylene);  

 monitoring of EO plant personnel for EO exposure (as exposure means emission). 

 

7.4.1.7 Diffuse emissions 
 

Reduce the VOC content of the stream that emanates from the bottom of the EO stripper by the 

following techniques. 

 
7.4.1.7.1 Prevention techniques for diffuse emissions of VOCs  

 

Description 

Group of technical measures applied in the design and operation of the unit to minimise the 

diffuse emissions. 

 

Technical description 

 Use part of the hot bottom stream in other process heat exchangers or reboilers as part 

of energy integration schemes. 

 Improve the operating conditions and monitoring of the EO stripper operation to: ensure 

that all EO is stripped out; provide online process analysers to check that all EO has 

been stripped out; and provide adequate protection systems to avoid accidental EO 

slippage. 

 Minimise the organics content in cycle water by upstream avoidance measures and by 

optimising quenching systems. 

 

Achieved environmental benefits 

Lower emissions to air. 

 

Technical considerations relevant to applicability 

In cases where cooling is carried out in open cooling towers. 

 
7.4.1.7.2 Closure of open cooling towers  

 

Description 

Provide enclosure to the system that cools the recycle water. 

 

Technical description 

Based in a standard cooling tower, provide tightness to capture diffuse VOC emissions but 

enable air ingress to cool the water cycle. 

 

Achieved environmental benefits 

Lower emissions to air. 
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Environmental performance and operational data 

 

Cross-media effects 

Due to changes in water balance, the conversion of open cooling towers to closed cooling 

towers entails substantial process changes in the EO unit and connected systems (e.g. glycol 

recuperation). As a consequence of closing cooling towers, part of the VOC is routed to other 

emission points to be treated in their own separate way. 

 

Technical considerations relevant to applicability 

Oxygen-based oxidation processes. 

 

Economics 

The cost of closing open cooling towers depends on whether or not additional water chillers are 

required (this is more likely in hotter climates). Chillers use large amounts of energy, require 

careful operation and maintenance. 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 
7.4.1.7.3 Indirect cooling 

 

Description 

Avoid normal (open) cooling towers. 

 

Technical description 

 

Achieved environmental benefits 

Lower emissions to air. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical considerations relevant to applicability  

New installations. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 

7.4.1.8 Storage 
 

As a safety precaution, ethylene and oxygen are usually stored outside of the EO/EG unit, and 

fed by pipe to the process unit. See the EFS BREF. 

 

Pressure vessels are under a nitrogen blanket and may be refrigerated.  

 

 EO is typically stored in these vessels. The nitrogen serves as a diluent in order to keep 

the vapour phase outside the explosive area.  
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 EG and heavier glycols are stored in atmospheric vessels because glycols have a lower 

vapour pressure and emissions to air are negligible. 

 

Channel tank vents to a wet gas scrubber 

EO tank vents are typically routed to a water scrubber that ensures nearly 100 % EO recovery.  

 Alternatively, EO-containing vent streams are subjected to an appropriate treatment 

technique, such as water scrubbing, in order to prevent EO emission to atmosphere. 

 Emissions of EO during loading operations are minimised by properly purging relevant 

piping and coupling connections before decoupling. Purge vents are subsequently 

treated (typically by water scrubbing) in order to recover the EO. 

 

Prevention techniques for diffuse emissions of VOCs 

 See the LVOC BREF Generic Chapter. 

 An important area is avoiding the ingress of air, which could form an explosive vapour 

mixture with EO, or of other impurities that are reactive with EO or that could catalyse 

EO runaway reactions. 

 

Scrubbing   

 See the CWW BREF. 

 Ethylene oxide can be effectively removed from displaced gases in a scrubber, although 

its high vapour pressure means that the use of recirculating water has its limitations. 

The use of a once-through scrubber would produce an effluent, but the spent scrubbing 

liquor could feasibly be routed to the ethylene glycol production process, which would 

also help reduce raw material consumption. The effluent quantity could be reduced by 

employing a recirculating acidic scrubbing medium, as this would promote the 

formation of ethylene glycols, although there would obviously be a need to purge the 

circuit in order to avoid the build-up of glycols. This purge stream is unlikely to be 

suitable for recovery, but it could be easily treated in any biological effluent treatment 

plant, as ethylene glycols are easily biodegraded.  

 

Thermal or catalytic oxidation   

 See the CWW BREF. 

 The presence of predominately ethylene oxide means that scrubbing can be sufficiently 

effective to make oxidation unnecessary, and may avoid the safety issues associated 

with the use of oxidation for the abatement of ethylene oxide.  

 

7.4.1.9 Combustion gases 
 

Emissions from combustion plants where the principal objective is the production of energy, 

e.g. as steam, heat, electricity or combined heat and power, are outside the scope of this BREF. 

Full descriptions of all the emission control techniques that can be applied can be found in the 

LCP BREF. 

 

7.4.2 Techniques to reduce emissions to water 
 

The LVOC BREF will address only effluent treatment at source and specific pretreatments. 

Most EO plants have a collective effluent header to a waste water treatment unit. 

 

7.4.2.1 Techniques to reduce effluent from EO production 
 

Techniques to avoid or reduce the organic load are as follows. 

 
7.4.2.1.1 Process optimisation  

 

Description 

The glycol formation in the EO recovery section can be reduced, to a certain extent, by 

modifying the temperature and/or residence time of the EO-containing absorbent.  
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Technical description 

Absorption conditions: Controlling the conditions (e.g. temperature) under which the ethylene 

oxide absorption is conducted so as to minimise ethylene glycols formation.  

 

Reduction of organics content of recycled water: Optimising the performance of the ethylene 

oxide concentration column, including via the use of surrogate control parameters such as a 

minimum bottom temperature, can maintain low levels in the bottom product. This could be 

achieved by the use of a column with an inherently good separation potential, or through the use 

of greater reflux rates, which might result in greater energy consumption. 

 

Achieved environmental benefits 

Reduced emissions to water. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical considerations relevant to applicability  

 

Economics 

 

Driving force for implementation  

 

Example plants 

 

Reference literature 

See the 2003 LVOC BREF. 

 
7.4.2.1.2 Feed forward to the ethylene glycols process  

 

Description 

The purge stream could possibly be fed forward to the ethylene glycols process depending upon 

quality considerations, as this would have an ongoing net water demand.  

 

Technical description 

 

Achieved environmental benefits 

Reduced emissions to water. 

 

Environmental performance and operational data 

 

Cross-media effects  

 

Technical considerations relevant to applicability  

This option is obviously dependent upon ethylene glycol production being co-located with 

ethylene oxide production, and there would be a need to remove large amounts of water, which 

would have the cross-media effect of requiring a significant additional energy input. 

 

Economics 

 

Driving force for implementation  

Lower operating costs will be achieved. 

 

Example plants 

A number of EU operators have reported using this technique in the 2013 EIPPCB 

questionnaire. 
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Reference literature 

 
7.4.2.1.3 Techniques to treat effluent from EO production 

 

Distillation 

 Glycol recovery: the effluent stream can also be routed to a glycol plant (if available), 

or a dedicated unit for recovery of (most of) the glycols and (partial) recycling of water 

back to the process. See the CWW BREF. 

Aerobic treatment 

 The stream can be biologically treated as EO in waste water streams readily 

biodegrades. Even without this rapid biodegradation, EO undergoes rapid breakdown by 

hydrolysis (under neutral conditions EO has a half-life of 8–15 days, depending on 

temperature, and this is further reduced by acid and alkaline conditions). See the CWW 

BREF. 

 

7.4.2.2 Techniques to reduce effluent from EG fractionation 
 
7.4.2.2.1 Reduction of aldehyde formation 

 

Description 

Combination of measures to improve process selectivity. 

 

Technical description  

 

Achieved environmental benefits 

Reduced emissions to water. 

 

Environmental performance and operational data 

 

Cross-media effects 

In addition to reducing the quantity of aldehydes present in the effluent, these would also help to 

reduce ethylene oxide consumption.  

 

Technical considerations relevant to applicability  

Generally applicable 

 

Economics 

 

Driving force for implementation  

 

Example plants 

 

Reference literature 

See the 2003 LVOC BREF. 

 
7.4.2.2.2 Other techniques 

 

Stripping 

 The effluent could be stripped of volatile organics prior to combination with other 

effluents. However, the concentration of what is an easily biodegradable substance may 

not merit such action, particularly given the additional energy requirement that would 

arise. See the CWW BREF. 

 

Monitor emission to enable optimisation and reduction 

 Dynamic control of purge rate: having a fixed purge rate may result in greater purge 

rates than may absolutely be required. 
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7.4.3 Techniques to reduce raw material consumption 
 

The main raw materials used in the EO/EG process are ethylene and oxygen (either pure or as 

air).  

 

Improving catalyst systems 

By far the most important factor causing raw material consumption to be higher than 

stoichiometric consumption is the limited selectivity of the EO catalyst. Significant progress has 

been made to improve catalyst performance, reducing raw material losses by more than 50 %, 

and further efforts are continuing, mainly driven by economic factors. 

 

Catalyst selectivity gradually decreases over time resulting in increased raw material 

consumption per tonne of EO produced. Conceptually, lower raw material consumption over the 

lifetime of the catalyst could be achieved by more frequent catalyst change out. However, the 

gains from higher catalyst selectivity need to be balanced against factors like the cost of a new 

catalyst, the cost of installing the new catalyst, and the production loss resulting from downtime 

during catalyst change out. More frequent catalyst replacement would also lead to more spent 

catalyst. 

 

Inert purge losses 

Minor (at least in the oxygen-based process) raw material losses arise from the need to bleed 

inerts like argon and ethane from the recycle gas. Techniques do exist to recover ethylene from 

the inerts vent (e.g. membrane separation, absorption/desorption), but application of these 

techniques may not always be economically feasible, e.g. because of the small vent volume 

concerned or the low ethylene concentration involved (in air-based plants). 

 

Residues and waste 

Hydrocarbon losses may also occur from the incineration of (possibly salt-containing) heavy 

glycol streams. Such losses can be minimised by maximising glycol recovery before 

incineration (maybe by a third party).  

 

Effluent losses 

Other hydrocarbon losses, such as via the water effluent and resulting from cleaning operations, 

are relatively small compared to the other losses mentioned above. 

 

7.4.3.1 Techniques to consider ethylene consumption 
 

The techniques that can be employed to reduce the specific ethylene consumption due to carbon 

dioxide formation under normal operating conditions include the following.  

 

Catalyst selection 

 A lack of catalyst selectivity will result in a greater proportion of the ethylene being 

oxidised to carbon dioxide, thereby reducing the proportion of ethylene that is 

converted into ethylene oxide. 

Improving catalyst systems 

 Replacement frequency: as a catalyst’s selectivity will deteriorate over time, replacing 

the catalyst more frequently will help maintain a better overall degree of selectivity. 

However, doing this will generate more spent catalyst, increase catalyst costs, and 

necessitate process downtime, which would affect throughput.  

 
7.4.3.1.1 Process optimisation 

 

a) Methane quality 

 The presence of heavy components can adversely affect the performance of the catalyst 

inhibitor, which can therefore increase the extent of carbon dioxide formation, and thus 

the consumption of ethylene. 
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b) Construction materials   

 Aldehyde formation, which would represent a loss of ethylene, can be catalysed by a 

range of materials. The careful selection of construction materials (and possibly an 

appropriate maintenance regime) can therefore limit the formation of such impurities. 

However, the loss of ethylene due to the formation of aldehydes is considered to be of 

only minor significance. 

 

c) Reaction conditions 

 The selectivity of the process for ethylene oxide will be influenced by pressure, 

temperature, etc., optimising the reaction conditions in a way that minimises carbon 

dioxide.  

 

d) Use of inhibitor 

 The selectivity of the reaction can be assisted by the use of small amounts of 

halogenated compounds in the reactor feed in order to inhibit the undesirable 

combustion reaction, although any heavy contaminants in methane diluent can interfere 

with the effectiveness of the inhibitor. 

 

The techniques that can be employed to reduce the specific ethylene consumption by limiting 

losses of ethylene from the process are as follows.  

 

e) Raw material quality 

 Reducing the inert components in the ethylene and oxygen raw materials will limit the 

extent to which process gas needs to be purged in order to control the build-up of such 

inerts, and this will therefore limit the amount of ethylene that has to be wasted from the 

process. It may also limit the emissions of VOCs to air from the process where the 

purge stream is not used beneficially. However, the raw materials will need to be 

bought to general specifications, and there will therefore be a limitation on what can be 

achieved in this respect. 

 

f) Control of purge rate 

 Having a sound basis for determining the required purge rate and ensuring that this is 

not exceeded is a key means of limiting the purge rate.  

 

g) Recovery and recycling of ethylene 

 The recovery of ethylene from the carbon dioxide purge stream and its subsequent 

recycling will reduce the ethylene consumption. 

 

The techniques that can be employed to reduce the specific ethylene consumption rate by 

limiting losses of ethylene oxide product include the below techniques. 

 

h) Glycol formation  

 Reducing the amount of ethylene glycols and heavy organics that are formed during 

ethylene oxide isolation will reduce ethylene consumption when judged in terms of 

ethylene oxide production. However, it is possible that some of the ethylene glycols 

formed could be used to supplement ethylene glycol production where ethylene oxide 

and/or ethylene glycols are produced at the same site. 

i) Storage losses 

 The emissions of ethylene oxide from storage may be low not simply because of good 

venting design, but may be because of good vent scrubbing arrangements. 

Consequently, ethylene oxide could be lost in spent scrubbing liquor, and some way of 

recycling these to one or both of the processes would help reduce losses via this route. 

The recovery of these streams might also reduce effluent loading. 

 

7.4.3.2 EO usage techniques 
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The ethylene oxide consumption rate can be reduced by reducing the proportion of ethylene 

oxide that is transformed into heavy organics that leave as the bottom product from the final 

separation column, and which would ordinarily (but not necessarily) be viewed as a residue. 

Some techniques that can be employed for reducing the formation of heavies can also reduce the 

formation of the heavier glycols, helping achieve a product profile that favours the desired 

monoethylene glycol. The techniques that can be employed to reduce specific ethylene oxide 

consumption due to reducing heavy/heavier glycol formation under normal operating conditions 

include the following.  

 
7.4.3.2.1 Process optimisation EG 

 

a) Hydrolysis reaction optimisation 

 Using a significant water excess favours the formation of monoethylene glycol rather 

than the heavier glycols. However, the use of more water requires a greater energy input 

in order to separate it from the glycol co-products prior to their fractionation, and this 

will have the effect of increasing energy consumption.  

 

b) Use of a catalyst 

 The use of a catalyst for the glycol reaction has been reported as a potential way of 

maximising monoethylene glycol formation. However, this has not been adopted on an 

industrial scale. 

 

c) Go via ethylene carbonate 

 The catalytic hydrolysis of ethylene carbonate (which can be formed by reacting 

ethylene oxide with carbon dioxide, possibly from the ethylene oxide process) results in 

the selective formation of monoethylene glycol. However, the use of a catalyst raises 

some issues. 

 

d) Reactor type 

 Reactors that result in plug flow progression have higher selectivity for lighter glycols. 

 

e) Reaction conditions 

 The selectivity of the process for monoethylene glycol will be influenced by pressure, 

temperature, etc. However, these factors will have only a very minor effect when 

compared with the water/ethylene oxide ratio. 

 

The specific ethylene oxide consumption rate can also be reduced by minimising the quantity of 

ethylene glycol co-products that are lost from the process, although the potential reductions that 

can be secured are likely to be much less significant than those that could be achieved through 

minimising heavy glycols formation. The techniques that can be employed to reduce the specific 

ethylene consumption rate by limiting losses of ethylene glycol co-products include the below 

techniques. 

 

f) Efficient fractionation 

 The more efficient the final separation columns are the lower the losses of glycols in 

their bottom product. In attempting to maximise the separation potential, it is possible 

that a higher energy demand will arise due to the use of an increased reflux ratio, and/or 

higher vacuum.  

 

7.4.4 Techniques to reduce energy consumption 
 

Energy usage is an indirect source of combustion-related emissions to air. 

 

This chapter is developed addressing techniques applied to reduce the demand for energy from 

the process. For techniques applied in the combustion processes, on the energy supply side see 

the LCP BREF. 
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Electricity and steam are the main utilities used on EO/EG plants, and they usually represent a 

considerable share of production costs. 

 

Setting a criteria or target 

The reaction by-products generate energy. This leads to an interrelationship between EO 

catalyst selectivity and heat balance, a trade-off: the more efficient the catalyst, the less steam is 

produced in the EO reactors. Each installation (case-by-case) will decide whether energy or 

feedstock yield is more relevant. 

 

The plant energy balance also depends on the relative sizes of the EO and EG sections. If the 

EO/EG unit is a net steam exporter, the way to reuse this energy in the complex becomes of 

prime importance. To a certain extent, the EO/EG unit may play the role of a boiler plant for the 

site and this may hinder the use of more selective catalysts which would allow less steam to be 

exported.  

 

The steam consumption inside the core EO/EG plant is mainly due to distillations, and 

sometimes to turbines driving the gas compressors. 

 

 The methods for minimising the steam consumption of distillation are well-known 

when designing a new unit. For existing distillation columns, retraying and repackaging 

techniques can be used, and technologies that often have a minor impact on steam 

consumption are principally used to debottleneck the capacity. 

 Unless steam turbines are used, the major electricity consumer of an EO/EG unit is the 

recycle gas (oxygen process) or air (air process) compressor. The usual ways to reduce 

the energy consumption of compressors are applicable (i.e. efficient design, reduction of 

pressure drops, etc.)  

 

7.4.4.1 Techniques to consider on fractionation 
 

The techniques available for reducing the overall energy consumption associated with ethylene 

glycols dewatering and fractionation include the following. 

 

Reduced water levels   

 Limiting the water excess in the glycols reaction will reduce the amount that needs to be 

evaporated off. However, this will likely increase the relative quantity of heavy glycols 

that are formed, and it will also have the knock-on effect of increasing the energy 

required by the subsequent fractionation step due to the need to progress more material 

through the chain of fractionation columns. 

Use of a catalyst 

 The use of a catalyst for the hydrolysis might be able to reduce the quantity of excess 

water required, which could reduce the energy required. However, this technique has 

not yet been proven on an industrial scale. 

Hydrolysis of ethylene carbonate 

 Instead of hydrolysing ethylene oxide, hydrolysing ethylene carbonate requires a lower 

water excess, and therefore would result in a lower overall energy consumption. The 

ethylene carbonate could be produced using the CO2 isolated from the oxygen process 

(CO2 is liberated during the hydrolysis, so it might be recycled), although this would 

require particular process conditions. 

Evaporation configuration 

 The use of a multiple effect evaporator would be more energy-efficient by allowing the 

steam use to be reduced. This may involve the need for vacuum pumps and/or vapour 

recompression. 

Distillation column design   

 A column with a good inherent separation capability (due to efficient packing, height, 

etc.) might reduce the required reflux ratio, thereby reducing the vaporisation energy 

requirement during the fractionation. 

Heat integration between distillations systems 
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 Using heat wasted from one column as a (partial) input of heat to another column – 

potential differences in vacuum levels might affect temperature differences. This may 

be done with support of methodologies such as the pinch analysis (between the EO and 

EG production units, and externally between the EO/EG complex and the surrounding 

facility). 

 Earlier designs utilised trays in this application. Present designs utilise structured 

packing and trays to increase capacity (only in the case of revamped units).Other 

designs may also include reactive distillation. 

 

7.4.4.2 Energy from vacuum generation 
 

Combination 

 The use of steam ejectors and liquid ring pumps in combination can be more efficient.  

 

Plant integrity   

 Reducing the number of leaks (which are not viewed as contributing to an other than 

normal operating condition in this context) will reduce the quantity of non-condensables 

that need to be handled, and therefore reduce the load of the vacuum systems. 

 

7.4.4.3 Energy from gas recycling 
 

Techniques that can be employed to reduce the (overall) energy required for process gas 

recirculation include the below techniques. 

 

Route selection 

 The use of oxygen, rather than air, will reduce the quantity of process gases that need to 

be recycled. 

Diluent choice 

 The use of methane, rather than nitrogen, as diluent will reduce the amount of energy 

required to recirculate the process gases. 

 

7.4.4.4 Energy recovery techniques to consider 
 
7.4.4.4.1 Heat recovery from exothermic reactions 

 

Description 

Group of structured measures that seek to reduce net energy demand by using energy supplied 

by other process streams. 

 

Technical description 

e.g. integrating EO unit with EG unit. 

 

Achieved environmental benefits 

Reduced emissions of combustion-related pollutants to air such as NOX and SOX.  

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical considerations relevant to applicability  

New units and major refits 

 

Economics 

Lower operating costs. 

 

Driving force for implementation  

Lower operating costs. 
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Example plants 

 

Reference literature 

 

7.4.5 Techniques to reduce waste generation 
 

7.4.5.1 Techniques to consider on spent catalyst 
 

The catalyst in the EO reactors gradually loses its activity and selectivity and is periodically 

replaced. Spent EO catalyst basically consists of finely distributed metallic silver on a solid 

carrier (e.g. alumina).  

 

Catalyst selection and development 

 Consumption very much depends on the type of catalyst used (high activity versus high 

selectivity) and local economics (e.g. ethylene price). 

 Conceptually, the consumption of EO catalyst (in terms of t/t EO produced) could be 

minimised by running the catalyst for a longer time before replacement with a fresh 

batch. However, an ageing catalyst gradually loses its selectivity and eventually 

continued catalyst operation is not justified. The loss in selectivity also involves an 

increase in carbon dioxide production, which is another environmental factor against 

prolonged catalyst operation. Reduced catalyst consumption is expected to continue as 

catalyst development work brings advances in catalyst deactivation rate and hence 

catalyst lifetime.  

Ex situ catalyst regeneration 

 Subcontractor to recover active compounds: spent EO catalyst is sent to an external 

reclaimer for recovery of the valuable silver. After silver reclamation, the inert carrier 

requires disposal. See the LVOC BREF Generic Chapter. 

 

7.4.5.2 Techniques on heavy glycol residue 
 

Co-products in the MEG manufacturing process are, in decreasing amounts, diethylene glycol 

(DEG), triethylene glycol (TEG) and heavier glycols. The individual glycol products are 

recovered by subsequent fractionation. The bottom stream of the last column of the glycol 

distillation unit contains the higher boiling ethylene glycols (heavy glycols). The composition of 

this stream depends on the extent of separating the lower boiling glycol products. Typical 

compounds are triethylene glycol, tetraethylene glycol and higher ethylene glycols. 

 

The stream can be either sold as such, or fractionated to yield pure marketable glycols. BAT is 

either to sell this stream, or to maximise the recovery of glycols, in order to minimise the 

volume to be disposed of. 

 
7.4.5.2.1 Process optimisation 

 

Description 

The relative amount of heavy glycols formed in the glycol unit can be influenced to some extent 

by varying the water–EO ratio in the glycol reactor feed. 

 

Technical description  

Higher water–EO ratios result in lower co-production of heavier glycols but on the other hand 

require more energy for the glycol dewatering.  

 

Achieved environmental benefits: 

Reduced quantity of heavy glycols, possibly requiring disposal 

 

Environmental performance and operational data 

 

Cross-media effects  
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The co-products DEG and TEG are usually sold and therefore a reduction of the amount of 

heavier glycol products is not always desirable. There have been some efforts to suppress the 

formation of co-products by using a catalyst in the glycol reaction, but this new technology has 

not yet reached commercial scale. 

 

Technical considerations relevant to applicability  

Generally applicable 

 

Economics 
Lower operating costs. 

 

Driving force for implementation  

Example plants 

 

Reference literature 

 

7.4.5.3 Liquid residue EO recovery 
 

Optimise oxidation reaction conditions 

 See the above sections in this chapter. 

Isolate to sell 

 The concentrated organic fraction obtained after dewatering of the liquid effluent from 

EO recovery can be distilled, to give valuable glycols and a heavy residue containing 

salts (either for sale or incineration). The stream can also be sold without distillation. 

Incinerate 

 This applies either to the whole residue stream or just the remainder of the purification 

for sale (residue containing salts). 

 

7.4.5.4 Spent absorber medium 
 

[Request to TWG: please provide further information on this topic.] 
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7.5 Emerging techniques 
 

[Note to TWG: the EIPPCB has developed some contents for the emerging techniques sections 

of the BREF. Neither the data collection questionnaires nor TWG members' spontaneous 

comments have provided sufficient information for the current BREF review on this topic. 

Therefore, TWG members are invited to complete the information collected by the EIPPCB: 

 The contents are presented in a tabular format in accordance with the BREF guidelines 

((2012/119/EU) 

 In some cases the technique has been identified as emerging but there is a lack of 

information to complete the fields to describe it] 

 

7.5.1 Co-production of DPC and PPG 
 

Description 

Carbon dioxide, phenol and propylene oxide react to form propylene glycol and DPC. 

 

Commercially developed 

Shell 

 

Level of environmental protection 

Lower overall emissions to air. Avoid phosgene and chlorinated gases in the DPC (PC) route. 

 

Cost savings compared to existing BAT 

 

Chance of becoming BAT in the future 

 

When it might become commercially available 

In a few years; pilot plant in operation. 

 

References 

http://www.shell.com/content/dam/shell/static/chemicals/downloads/innovation/dpc-poster-stca-

mediaday2011.pdf 

 

7.5.2 Catalytic conversion of ethylene oxide 
 

Description 

The process relies on catalytic conversion of ethylene oxide (EO) to MEG, rather than 

conventional thermal conversion. It reacts EO and CO2 to form ethylene carbonate, which then 

reacts with water to yield MEG and CO2. 

 

Commercially developed 

Korea's Lotte Petrochemicals started up a 400 000-metric ton/year plant at Daesan, in May 

2008, while Petro Rabigh, a Saudi Aramco/Sumitomo Chemical joint venture, began production 

in April 2009 at a 600 000-metric ton/yr unit at Rabigh. Shell expects to inaugurate a 750 000-

metric ton/yr plant at its Eastern Petrochemicals Complex in Singapore 

 

Level of environmental protection 

EO selectivity to above 90 % from today's 88–90 %, while lowering capital and operating 

expenses. 

 

Cost savings compared to existing BAT 

The approach cuts capital investment by about 10 %, consumes 20 % less steam and produces 

30 % less waste water, while obviating di- and tri-ethylene glycol purification, storage and 

handling. 

 

Chance of becoming BAT in the future 

http://www.shell.com/content/dam/shell/static/chemicals/downloads/innovation/dpc-poster-stca-mediaday2011.pdf
http://www.shell.com/content/dam/shell/static/chemicals/downloads/innovation/dpc-poster-stca-mediaday2011.pdf
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When it might become commercially available 

 

References 

http://www.chemicalprocessing.com/articles/2009/236/ 

 

7.5.3 Biomass gasification 
 

[Request to TWG: please provide further information on this topic.] 

 

7.5.4 MEG via dimethyl oxalate 
 

[Request to TWG: please provide further information on this topic. 

] 
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8 AROMATICS 
 

8.1 General information 
 

[Request to TWG: please check the production capacity information and the detailed list of 

production sites set out in Table 8.1 and provide updates and corrections where appropriate.] 

 

Aromatic plants produce a number of intermediate chemicals such as benzene, toluene, ortho 

and para-xylene (commonly known as BTX aromatics) and cyclohexane. Aromatic plants are 

often situated in aromatic complexes and can have a number of different configurations. They 

operate downstream of refineries and upstream of other LVOC plants such as phenol, styrene or 

PTA plants. Most of these aromatic complexes are built geographically close to, or inside, 

refineries. By siting these complexes alongside refineries they are able to share most of the 

environmental abatement systems with the refineries.  

 

Benzene (C6H6) is an important chemical in that it used as a raw material to produce a wide 

range of other chemical products. Around half of benzene production is used to produce styrene 

monomer via the production of ethylbenzene. The processes for doing this are described in 

Chapter 12, Chapter 13 and Chapter 14 of this BREF. Other uses of benzene include the 

production of cumene (and then phenol and acetone). The production of phenol is described in 

Chapter 11. 

 

Toluene (C6H5-CH3) is used as a raw material to produce benzene and xylene; other uses 

include the production of phenol. A further important use is the production of toluene 

diisocyanate, which is described in Chapter 6. 

 

Xylene (C6H4(CH3)2) produced from aromatic plants can exist in three isomeric forms; para-

xylene, ortho-xylene and meta-xylene. Most producers focus on para-xylene, which is an 

important raw material in the production of polyethylene terephthalate (PET) that is used in the 

production of plastic bottles. 

 

Cyclohexane (C6H12) is produced from benzene and although it is not an aromatic substance its 

production is described as part of this chapter because the process is closely integrated with the 

aromatics plant. 

 

Aromatic processes use three main feedstocks: refinery reformates, steam cracker pyrolysis 

gasoline (pygas) and benzol from coal tar processing. Note the BTX produced as a coke oven 

by-product in iron and steel production is covered in the Iron and Steel BREF. Aromatic 

complexes are designed and built with different plant arrangements depending on the feedstocks 

used and the mix of final products. The components or building blocks of these arrangements 

are often stand-alone units. These arrangements normally carry out three basic steps: product 

feed treatment or conversions (e.g. hydrogenation); followed by fractionation and purification 

steps to separate the pure products; followed by conversion steps to transform less valuable 

products into higher margin ones.  

 

In 20YY, the production capacity of aromatics in Europe was ## million tonnes, which was 

XX % of global capacity. This included ## million tonnes of benzene, ## million tonnes of 

toluene, ## million tonnes of xylene and ## million tonnes of cyclohexane produced. Global 

production capacity in 20YY was ## million tonnes. There are more than 35 aromatic 

complexes operating in the EU, as shown in Table 8.1 below. 

 

 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 8 

332 April 2014 SH/TS/EIPPCB/LVOC Draft 1 

Table 8.1: European producers of aromatics 

Country 

 

City 

 

Operator 

 

Capacity 

Benzene Toluene Xylene 

Austria Scwechat  ? ?  

Belgium Antwerp BASF ? ?  

Belgium Geel BP 60   

Belgium Antwerp Total 250   

Belgium Zelzaete VFT 90   

Croatia Rijeka INA  70  

Croatia Sisak INA  88  

Finland Porvoo Borealis  150   

France Lavera Gexaro 240   

France Carling Total 325   

France Feyzin Total 110 ?  

France Gonfreville Total 360 ? ? 

Germany Gelsenkirchen Arsol  410   

Germany Mannheim BASF 320 140  

Germany Gelsenkirchen BP 250   

Germany Lingen Deutsche BP 75 60  

Germany Bohlen Dow 320   

Germany Hamburg Holborn 
1
 65   

Germany Cologne INEOS 370 130  

Germany Heide Klesch 120 125  

Germany Burghausen OMV 160   

Germany Schwedt PCK  70 52 ? 

Germany Godorf Shell 510 130 ? 

Germany Wesseling Shell 160 100 ? 

Hungary Szazhalombatta MOL ? 110 ? 

Italy P. Marghera Versalis 110 50  

Italy P. Torres Versalis 220 70  

Italy Priolo Versalis 440 240 ? 

Italy Sarroch Versalis 50  ? 

Netherlands Terneuzen Dow 915   

Netherlands Rotterdam ExxonMobil 650 100 ? 

Netherlands Geleen Sabic 350   

Netherlands Moerdijk Shell 550 240 ? 

Poland Plock PKN Orlen  180  

Portugal Porto Galp Energia 80 170 ? 

Romania Bucharest OMV    

Slovakia Bratislava Slovnaft  86  

Spain Algeciras CEPSA 245 200 ? 

Spain Huelva CEPSA 400   

Spain Puertollano Repsol 125   

Spain Tarragona Repsol    

UK Immingham ConocoPhilips 200   

UK Stanlow Essar Energy 240 80  

UK Grangemouth INEOS 295   

UK North Tees Sabic 510 330  
1
: Closed 

As can be seen above, the European aromatics industry is a very large business. The market is 

complex as it concerns six main products that are produced in different processes from different 

feedstocks. 

 

Interface with the Refinery BREF 
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Most of these units are built geographically close to or inside a refinery, although they may 

often manufacture products that belong to a different business (i.e. chemicals instead of fuels).  

By this co-siting, they can share most of the environmental abatement installations with the 

refinery and other utilities, such as fuel gas.  In many cases, they operate under a refinery 

permit.  In many cases, there are no sampling routines (nor sampling points) in between these 

units and the refinery vent header or collective effluent stream.  In many cases, there is no data 

collection (flow or composition) of the emissions to disaggregate the contributions of the 

aromatic units (LVOC BREF) and the refinery (REF BREF) as a whole.  The REF BREF does 

not deal specifically with pollutants arising from aromatic plant, although these are sent to 

refinery abatement devices. 

 

Key Environmental Issues 

 

The key environmental issues for the production of aromatics are: 

 

The aromatic units' main environmental emissions are to air and are related to combustion 

operations for energy supply (NOX, SOX, dust, etc.). Some old installations may still have some 

direct emissions to atmosphere or flare.  Fugitive emissions and emissions from storage of 

VOCs (e.g. Benzene) are also relevant. There is interest in material recovery since some streams 

not only have calorific value, but also contain valuable materials such as hydrogen.  

 

There are a number of effluents to water from different process sections.  The most relevant 

pollutants, due to their amount are hydrocarbons, but some solvents used in the extraction 

processes (e.g. Sulfolane and DMSO) are also important because of their toxicity. 

 

Residues and waste are generated such as spent catalysts, spent clay and solvent regeneration 

residues. 
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8.2 Applied processes and techniques 
 

8.2.1 Process options in aromatic complexes 
 

Aromatic complexes are designed and built with different plant arrangements depending on the 

feedstocks used and the mix of products. The components or building blocks of these 

arrangements are often stand-alone units, and as such are dealt by the process licensors (Axens, 

Uhde, etc.) These arrangements normally carry out three basic steps: 

 

 feedstock treatment or conversions, e.g. hydrogenation; 

 fractionation and purification steps to separate the pure products; 

 conversion steps to transform less valuable products into higher margin ones. 

 

However, there are numerous recycling options, as well as energy recovery opportunities. 

 

The block flow diagrams below show some of these plant arrangements.  

 

 

Figure 8.1: Block flow diagram of basic pygas complex 

 

 

Figure 8.2: Block flow diagram of standard reformate complex 
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This BREF does not cover coke oven feedstock, since this represents less than 3 % of aromatic 

plant feedstock. The plant building blocks abatement techniques are similar to the one already 

covered in this chapter. 

 

8.2.2 Building blocks of the aromatics process 
 

Each aromatic complex consists of a number of interconnected component units or building 

blocks. To support the use of this document, these building blocks have been grouped together 

as outlined below. Each group is considered separately. 

 

8.2.2.1 Hydrogenation of aromatic feeds (BB1) 
 

Pygas from steam crackers accounts for 28 % of the overall feed to aromatic plants. It is always 

H2 treated. These processes yield 2-15 % aromatics, negligible xylenes. The main processes are 

as follows. 

 

 First step of the pyrolysis gasoline hydrogenation: selective hydrogenation (mainly 

conversion of diolefins to olefins). Typically these plants comprise one or two reactors 

which are operated in liquid (trickle) phase, a gas separation section (eventually gas 

recycle), a liquid stabilisation stripping column and a liquid recycle. Multiple variations 

of this configuration exist. 

 

 Second step of the pyrolysis gasoline hydrogenation: full hydrogenation (mainly olefins 

are saturated and sulphur removed). As in the case of the first stage, the second stage 

typically also comprises one or two reactors, a gas separation (and often a gas recycle 

section) and product stabilisation, although multiple variations can exist. 

 

 Pygas fractionation. The type of fractionation done on the pygas depends on the type of 

aromatics products and other valuable co-products that are targeted by the producer. 

Therefore, the number of possible configurations is very large. Fractionation columns to 

separate the desired fractions can be placed before the first stage, in between both stages 

and/or after the second stage. 

 

Reformate/naphtha from catalytic reformers accounts for 68 % of the feed to aromatic plants. It 

is rarely H2 treated. These processes yield 60-70 % aromatics, low benzene and larger xylene 

contents. The main processes are: 

 

 benzene saturation/selective processes, e.g. BenSat or Cdhydro; 

 olefin reduction process such as UOP's ORP;  

 maximisation of benzene yield such as Aromax (Chevron-Phillips). 

 

Coke accounts for 3 % of the overall feed to aromatic plants. It is normally H2 treated. 

 

 Hydrogenation of coke oven benzole: e.g. Benzole, Houldry-litol, Uhde-Colo. 

 

C3-C5 is a negligible feedstock in the world market share of aromatics: 

 

 continuous cracking reformer (CCR) as applied to the conversion of C3-C4: Cyclar 

(UOP); 

 oligomerise C2 or C3 to cyclohexane and dehydrogenise to BTX Pyroform; Z-forming; 

Aroformer. 

 

Other hydrogen treatments upstream of the aromatic feed are considered in the Refinery BREF 

and so are not considered here. 
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 Conventional naphtha H/T: desulphurisation of virgin and cracked naphthas over a 

fixed catalyst bed at moderate pressure and in the presence of H2. For cracked naphthas, 

also involves saturation of olefins. 

 CCR: continuous catalyst regeneration reforming: catalyst regeneration reforming. 

 Desulphurisation (of C4-C5) feeds: desulphurisation of light naphthas over a fixed bed 

catalyst at moderate pressure and in the presence of hydrogen 

 Diolefin to olefin saturation: selective saturation of diolefins over a fixed catalyst bed, 

at moderate pressure and in the presence of hydrogen to improve stability of thermally 

cracked and coker gasolines. 

 Diolefin to olefin saturation of alkylation feed:  selective saturation of diolefins in C4 

streams for alkylation over a fixed catalyst bed, at moderate pressure and in the 

presence of hydrogen. 

 FCC gasoline hydrotreatment with minimum octane loss: selective desulphurisation of 

FCC gasoline cuts with minimum olefin saturation, over a fixed bed catalyst at 

moderate pressure and in the presence of hydrogen. 

 

8.2.2.2 Aromatic extraction processes (BB2) 
 

The feed to the aromatics extraction units usually comes from fractionation columns located 

downstream of the second stage hydrogenation of pygas, or directly from the reactor (after 

stabilisation) from this unit.  

 

Traditional distillation cannot separate aromatics from non-aromatics, due to their similar 

boiling points. Therefore, this is done using solvent extraction (liquid-liquid extraction), 

extractive distillation or hybrid extraction (a combination of the two). The main commercial 

processes are: 

 

 solvent extraction (liquid-liquid): Udex, Arsolvan, Redex, Edelanu, tetraEG; 

 extractive distillation: Morphylane, Morphylane 1-step distillation; 

 hybrid processes: Sulfolane, Distapex. 

 

These processes normally have the following sections. 

 

 Aromatic extraction section: where the aromatic species (benzene and/or toluene and/or 

xylenes) present in pygas or reformate steams are extracted from those non-aromatics 

species present that boil at similar temperatures. This separation of aromatics is done by 

means of a solvent, based on liquid-liquid extraction or extractive distillation. 

 The extracted aromatics from the previous section might be further processed in clay 

beds at relatively mild temperatures: where small traces of olefinic impurities are 

reacted to yield heavy boilers that are removed from the aromatics downstream.  

 A distillation section: where the different aromatic species are separated, to yield 

essentially pure products with the required commercial specifications. 

 

8.2.2.3 Production of xylenes (BB3) 
 

Xylenes separation and production focuses mainly on para-xylene, but most producers also 

produce orthoxylene. In some instances, metaxylene is also extracted as a product. The xylene 

isomers have similar boiling points and so it is not possible to separate para-xylene by 

distillation. Separation is therefore effected by adsorption or crystallisation. In order to improve 

the para-xylene recovery, the depleted para-xylene stream may undergo isomerisation to convert 

the ortho- and meta-xylene back to the equilibrium xylenes. 

 

Para-xylene production could also be a single recovery unit, which may be the back end of a 

xylene generation unit like Toluene Disproportionation. It therefore should be recognised that 

some aromatics producers only have one or two of the previously mentioned sections. 
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Purification of para-xylene: crystallisation (exploiting the considerable disparity in freezing 

points) or adsorption (exploiting differences in molecular shapes). The main commercial 

processes are based on the following technologies: 

 

 p-Xylene adsorption: Sorbex, Parex(uop), Eluxyl. 

 p-Xylene crystallisation: Arco, Maruzen, Amoco, Thyssen Krupp. 

 Hybrid crystallisation/adsorption: Ifp/Chevron. 

 

Isomerisation: Process in which residue streams from the purification process (mixed C8 

aromatics depleted in paraxylene) are isomerised to produce more paraxylene. Ethylbenzene 

isomerisation and/or dealkylation 

 Ethylbenzene and m-xylene isomerisation: Isomar, Isolene, Octafining, MLPI, MVPI, 

MHTI. 

 

8.2.2.4 Other conversion processes (BB4) 
 

These units pursue the conversion of toluene to more valuable products. Subcategories are 

established by the feedstock of the process. 

 

a)  Toluene with C9 and heavier aromatics:  

 dealkylation of ethyl and higher substitutes: Arco, Tatoray; 

 transalkylation: Transplus. 

 

b)  Toluene feed (> 90 %):  

 non-selective toluene disproportionation (NSTDP): Tatoray, Mtdp-3, PX-Plus, Xylenes 

Plus, MTDP, STDP, Tac9; 

 selective toluene disproportionation (STDP): PXMax; 

 toluene hydrodealkylation (HDA) 

o Catalytic: Houldry, detol, hydeal 

o Thermal: THDA UOP, Arco. 

 

c)  Toluene and methanol feed: toluene methylation 

 tubular: oxide-modified ZSM-5  Saudi basic industries; 

 fluidised bed: Mobil oil. 

 

d)  Hydrogenation of benzene to manufacture cyclohexane (and in some cases to meet 

transport fuel regulations where benzene content is limited): 

 multistage reactor, vapour phase process: CdHydro (Axens/CDTECH); 

 multistage liquid and vapour phase reactor process: Bensat (UOP). 

 

Cyclohexane is produced commercially by the hydrogenation of benzene, and by the 

fractionation and purification of hydrocarbon streams. The hydrogenation of benzene is the 

predominant method, accounting for over 95 % of world cyclohexane capacity, and in western 

Europe for 100 %. Cyclohexane is produced by either the vapour phase or liquid phase 

hydrogenation of benzene; the liquid phase process is more commonly used in western Europe. 

The hydrogenation of benzene is usually carried out by contacting benzene, hydrogen and 

recycled cyclohexane with a noble metal catalyst at temperatures of 220 °C and above and 

pressures of 24-34 bar. The catalyst is generally supported platinum, nickel or ruthenium.  

 

The feed to HDA units comes from BTX extraction and fractionation, and the composition is 

mostly C7+ components, ranging up to and above C9+. The feed composition depends on the 

fractionation and BTX extraction upfront and can consist of a TX-cut (toluene, xylene), a 

toluene fraction or xylene fraction. The main purpose of the HDA is to convert the aromatic 

components into benzene. Beside the various differences in feedstock, the design of HDA can 

also vary broadly.  
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Common HDA units consist of three to four types of installation. 

 

• First step is the hydrodealkylation reactor, where the feed will be converted to benzene. 

The design of that reactor can vary widely, from overall length to diameter proportion, 

over internal design, and so on. The achieved range from the conversion of the feed to 

benzene depends on the downstream installations. 

• Second step: stabilisation of the reaction product and the separation of the benzene from 

the non-converted toluene. 

• Third step: the non-converted toluene also contains heavy hydrocarbons which will be 

separated and either used as fuel oil or sent to a downstream plant to recover some of 

the heavy hydrocarbons. The toluene will be either sent back to the feed or used upfront 

for the deep temperature separation (step 4). 

• Fourth step: to avoid excessively high emissions and to reduce the hydrogen, the excess 

gas can be sent to a PSA or a deep temperature separation to recover hydrogen, methane 

and ethane. 

 

The type of installations included in the HDA unit will vary depending on which aromatics 

products and co-products are valuable to the producer. 

 

8.2.2.5 Common features of aromatic plants 
 

Aromatic complexes are made up of a number of basic unit operations, such as distillation, 

hydrogenation in fixed bed reactors, extraction, etc. Each of these unit operations generates a 

specific type of impact on the environment. This means that some of the emissions (and their 

abatement techniques) are repeated in a number of the headings below. The techniques 

commonly applied to these basic chemical unit operations are, on most occasions, generic and 

not specific to the production of aromatics.  

 

The most common types of basic units operations are as follows. 

 

 Distillation: when vacuum is used there can be an overall net gas outflow which will 

include VOCs. Energy usage is typically high in these separation operations and 

depends on design and operating decisions. 

 Clay purification: spent clay will be generated by most units. 

 Recycling H2-rich gas: even if the hydrogenation reaction recycled gas, it will require a 

purge stream. Energy usage on compressors. 

 Purifying H2 gas: the PSA contains solid granular alumina, a molecular sieve, and 

activated carbon, which need periodic replacement and should be disposed of via 

certified contractors. There are also specific emissions related to H2 recovery, such as 

spent adsorbent material. Energy usage for compression. 

 Preheating reaction feeds: combustion-related emissions (COX, SOX, NOX, dust, etc.) 

from the boilers or furnace used to generate reaction feed heaters, etc. 

 Catalyst regeneration processes emit dust and other pollutants to air if no precautions 

are taken. 

 Fugitive emissions: most process systems work under pressure, leading to emissions 

from valves, flanges, compressor bearings, etc. 

 Water washes of non-aromatics (raffinate) streams. 

 Spent catalyst and solvent regeneration residue. 

 

The simplified process flow diagrams below show how emission types are repeated among 

aromatic units. 
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Figure 8.3: Block flow diagrams with similar emission types  
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8.2.3 Other than normal operating conditions 
 

8.2.3.1 Specific other than normal operating conditions 
 

The following operations deviate from standard operating procedures in aromatic plants. 

 

 Routine start-up: normally less than 7 days per year. 

 Shutdown for maintenance preparation: equipment flushing, higher load to WWT, 

potential emission to surface water (rainwater) header. This is normally done every 3 to 

5 years. It requires a complex planning effort to reduce this operation to less than 40 

days. 

 Low plant rate due to force majeure. (These are flaws that occur on final product 

consumption or raw material supply.) 

 Loss of hydrogen supply.  

 

See the Generic Chapter of the LVOC BREF. 

 

8.2.3.2 Generic other than normal operating conditions 
 

The following operations deviate from stable and normal operation procedures. The occurrence 

of these operations is less than 7 days per year in most cases. 

 

 Catalyst regeneration or catalyst reactivation (see next subsection). 

 Malfunction of utilities (such as cooling water or chilled water). 

 Reactors/adsorbers loading and unloading, 

 Loss of containment (caused by corrosion or others). 

 Plugging, fouling (second pygas stage or BB3 type of units). 

 Other catalyst treatment operations. 

 Vacuum leak, distillation malfunction. 

 Other fractionation malfunction. 

 Others: equipment degassing or extractor (aromatic extraction processes) cleaning. 

 

Solvent regeneration is considered a normal operating procedure. 

 

Intermittent catalyst operations 

 

Many aromatic units operate with a catalyst that deactivates over time. There are different 

approaches on how to deal with this. The units with larger catalyst regeneration occurrence are 

pygas treatment units. In the pygas second stage, catalyst regeneration can occur for 60 to 120 

days per year. The following operations related to the catalyst are held in one or other of the 

aromatic units: 

 

 activation prior to start-up (catalyst reduction of the metal such as palladium with 

hydrogen); 

 end of run: oxidation for safety issues; 

 regeneration, mild treatment: catalyst activity can be recovered with the use of hot 

hydrogen stripping; 

 regeneration, full treatment: oxidation to burn coke deposit; 

 catalyst replacement/exchange at end of run; 

 clay replacement/exchange at end of run. 

 

There are two methods applied for regeneration: 

 

 first, a hot hydrogen strip (mild regeneration mainly intended to strip out temporary 

poisons); 
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 second, a steam-air regeneration (‘full’ regeneration intended to remove coke or other 

heavier hydrocarbons trapped in the catalyst pores). 

 

When the catalyst is regenerated or oxidised, all these impurities, which are no longer in trace 

amounts as they concentrate over time, leave the catalyst in the gaseous effluent. These 

contaminants include: sulphur compounds (H2S, COS, disulphides and mercaptans), methanol 

and oxygenated compounds, nitrogen compounds (HCN, NH3, amines), inorganic chlorides and 

other mineral salts, arsenic, mercury and hydrochloric acid. 

 

During catalyst regeneration, a combustion (or oxidation) is performed in order to burn off 

deposited coke (or green oils). Other impurities can also be stripped by this process. Catalyst 

regeneration operations vary depending on the process, but can include: 

 

 heating the catalyst bed by circulating heated nitrogen through the reactor; 

 catalyst bed stripping by establishing a steam circulation through the reactor (this step is 

not always performed); 

 catalyst preoxidation by slowly adding air to the steam; 

 catalyst impurities burning-off by raising the temperature and injecting air again; 

 cooling and purge with steam first and then nitrogen. 

 

The outgoing gas contains CO2 and CO and also unburnt coke and other impurities: VOCs, 

green oils, sulphur (H2S, SO2, SO3), mercury, arsenic (AsH3) and chloride (HCl). 

 

A spent caustic stream from catalyst regeneration could also be generated in this event. During 

regeneration, a spent caustic stream is drained from the separator drum and sent to the spent 

caustic treatment unit. 

 Origin Separator drum; destination spent caustic treatment unit. 

 Composition estimated H2O (≈ 92 %), salts (≈ 8 %), HC < 50 wt ppm. 

 

The following section (techniques to consider) gives information on the techniques used in the 

sector to prevent or reduce the impact of this operation on the environment. 

 

 

8.2.4 Equipment important for environmental protection 
 

The following systems perform critical operations for environmental protection and should have 

the longest uptime possible: 

 

 PSV to flare; 

 closed vent and drain system(s); 

 analysers of the benzene content in air; 

 recompression system to avoid flaring low pressure vent streams ; 

 PSA recovery system; 

 closed cooling water system; 

 API oil/water separators; 

 dedicated solvent sewage; 

 LDAR programme with precise targets and thresholds; 

 catalyst management system/procedures; 

 sewer system. 
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8.3 Current emission and consumption levels 
 

8.3.1 Emissions to air 
 

The main environmental emissions to air from aromatic plants are related to the combustion 

operations for energy supply (NOX, SOX, dust, etc.) 

 

Aromatic plants are usually integrated into the refinery auxiliary facilities (vent header, flare 

system, etc.) Therefore the process emissions to air from the plant's channelled sources will 

most commonly go to the end-of-pipe devices shared with or belonging to the refinery, e.g. 

furnace, flare, or amine unit, although some older installations may still have some direct 

emissions to atmosphere or to flare. Fugitive emissions and emissions from storage (e.g. 

benzene) are also relevant. There is interest in material recovery since some streams not only 

contain calorific value but also valuable compounds such as hydrogen. 

 

The potential emissions (to air or water) from catalyst regeneration are addressed in the 'other 

than normal operations' section. 

 

8.3.1.1 Emissions to air from pygas (BB1 units) 
 

The feed to the pygas units normally originates from nearby steam crackers, and it is mostly 

made up of C5+ or C6+ components, ranging up to (and sometimes above) C10. Pygas contains a 

mixture of diolefins, olefins, paraffins and aromatics. The main purpose of the pygas treatment 

unit is to remove diolefins, olefins and sulphur, in order to prepare the feedstock for the 

aromatic extraction unit. As well as the feedstock variety, there is also a variety of aromatic 

extraction unit designs. Some producers only recover benzene while others are also interested in 

recovering the toluene and xylene present in the pygas. 

 

Process vents: Modern pygas treatment units do not have VOC emissions direct to air, although 

some older units may have these types of emissions either in one of the hydrogenation steps or 

in the fractionation. VOC emissions are channelled and the net emissions to air will depend on 

the type and efficiency of the end-of-pipe treatment. 

 

 Hot separator downstream of the first step: VOCs, H2S, CH4, COX, SOX. Methane, 

benzene, toluene, and other light HC. Unsaturated olefins.  

 Cold separator downstream of the second step: VOCs, H2S, CH4, COX, SOX. 

 Recycle compressor purge(s): VOCs, H2S, CH4, COX, SOX. 

 Downstream stabiliser columns or flash vent: VOCs, H2S, CH4, COX, SOX. 

 Vents from overhead column vessels and vacuum systems: VOCs. 

 Purges/streams from gas recovery section (such as cold box): VOCs, H2S, CH4, COX, 

SOX. 

 PSA unit: light ends. 

 PSA unit: tail gas. 

 Vent system header upstream/downstream of the end-of-pipe abatement device. 

 

Pygas treatment units often include furnaces to heat the reaction mixtures before the first or 

second stage hydrogenation or even to produce heat for some columns of the pygas fractionation 

section. It can be expected that in those cases, furnace flue-gases are sent to the atmosphere.  
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Table 8.2: Energy supply-related emissions from BB1 type of units (
1
) 

Energy Flue-gas VOC SOX NOX 

(KWh/t) (kg/t) (kg/t) (kg/t) (kg/t) 

462.1 623 0.0200 0.06 0.08 

418.91 5.2 0.0001 0.0001 0.006 

(
1
) Flue-gas emission: data are highly inaccurate as they are either entirely calculated or based on a single 

measurement (< 1/yr) and then extrapolated to an annual value. Amounts are given as kg per tonne of final product 

(benzene and toluene). Hydrogen content (% v/v) in flue-gas varies significantly, i.e. from 13 % to 91 %. 

Source: EIPPCB questionnaires 2012 

 

One possible source of emissions from these units is the fugitive emissions from equipment 

such as pumps, seals and instruments.  

 

Some plants might have feed/intermediate storage tanks between the previously mentioned 

sections. These tanks have the potential to cause VOC emissions to arise from product storage. 

The EFS BREF provides general information regarding emissions to air from storage. 

 

8.3.1.2 Emissions to air from extraction (BB2 units) 
 

The second section in which this BREF has divided aromatics plants into is the extraction 

section. 

 

This requires a vacuum to avoid high temperatures that may lead to solvent decomposition. 

Vents from vacuum equipment and intermediate storage tanks are a source of emissions in some 

plants, especially if those vents are not recovered. Emission of hydrocarbons to the air from this 

section is particularly important given the very high concentrations of benzene (CMR 

classification) and other aromatics that are managed there. Therefore, efforts need to be made by 

producers to minimise VOC emissions. Other substances of particular concern whose emissions 

should be prevented are extraction solvents, such as NMP, which has been identified as a 

mutagenic substance. However, these solvents are typically high boilers with reduced volatility 

in comparison to the other chemical compounds managed in this section. Also, compounds from 

solvent degradation (such as SO2 from sulfolane degradation) need to be considered. 

 

Examples of these emissions are: 

 

 extractive distillation column overhead vent; 

 solvent recovery column overhead vent; 

 fractionation overhead vent; 

 stripper overhead vent; 

 clay tower filling/emptying; 

 vents from vacuum systems. 

 

Furnaces are required to produce heat for some columns of the fractionation section and it can 

be expected that, in those cases, flue-gases are sent to the atmosphere.  

 

 
Table 8.3: Energy supply-related emissions from BB2 units 

 
Flue-gas VOCs SOX NOX 

(kg/t) (kg/t) (kg/t) (kg/t) 

High 1009 0.0002 0.0160 0.1474 

Low 269  0.0017 0.0127 
Source: EIPPCB questionnaires 2012 

 

One possible source of emissions from this block of units is the fugitive emissions from 

equipment such as pumps, seals and instruments. This BREF will cross-reference the CWW 

BREF on the technique description. Sources include: flanges, connectors, pumps, control 

valves, one-way valves, hand valves, safety valves and sampling points.  
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Table 8.4: Fugitive emissions data in BB2 units (
1
) 

VOC VOC BTX 

(kg/yr) (kg/t)(
2
) (kg/t)(

2
) 

475.5 0.027 0.0016 

0.05 
(1) (EN 15466:2008 and US.EPA Reference Method 21 

(
2
) kg/t of feed 

 

Storage: some plants might have feed/intermediate storage tanks between the previously 

mentioned sections. These tanks have the potential for VOC emissions to arise from product 

storage. The EFS BREF provides general information regarding emissions to air from storage. 

 

8.3.1.3 Emissions to air from xylene (BB3 units) 
 

Process vents: modern units do not emit VOCs directly to air, although some older units may. 

 

Examples of these channelled streams are: 

 

 Xylene isomerisation (Isomar) deheptaniser overhead vent; 

 recycle compressor purges; 

 downstream (Isomar reaction downstream) stabiliser/columns/flash vent;  

 vents from overhead column vessels and vacuum systems; 

 vent system header downstream from end-of-pipe abatement device;  

 purges/streams from gas recovery section (such as cold box); 

 PSA unit: tail gas.  

 

Combustion-related emissions: within the xylene separation block, various furnaces may be 

used to supply heat for the fractionation towers or the isomerisation unit. It is therefore expected 

that, in those cases, flue-gases are sent to atmosphere. Furnaces are required to produce heat for 

some columns of the fractionation section. So it is expected that, in those cases, flue-gases are 

sent to the air. The LVOC BREF will cross-reference the LCP BREF or REF BREF on this 

issue. 

 

 
Table 8.5: Combustion-related emission data in BB3 units.  

Flue-gas VOC SOX NOX 

(kg/t of feed) (kg/t of feed) (kg/t of feed) (kg/t of feed) 

9314 0.0080 0.8230 0.7538 

509 0.0052 0.0248 0.1185 

Source: EIPPCB questionnaires 2012 

 

One possible source of emissions from this block of units is the fugitive emissions from 

equipment such as pumps, seals and instruments. This BREF will cross-reference to the CWW 

BREF on the technique description. Sources include: valves, flanges, pumps, plugs, PSV, p-

xylene crystallisation leaks in cooling unit streams. 

 

 
Table 8.6: Fugitive emissions data in BB3 units (

1
).  

VOC VOC BTX 

(kg/t of feed) (kg/t of feed) (kg/t of feed) 

350 0.02 0.0013 

 0.584 0.002 

(
1
) (EN 15466:2008 and US.EPA Reference Method 21 
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Storage: some plants might have feed/intermediate storage tanks between the previously 

mentioned sections. These tanks have the potential for LVOC emissions to arise from product 

storage. The EFS BREF provides general information regarding emissions to air from storage. 

 

8.3.1.4 Emissions to air from other conversion (BB4 units) 
 

Process vents: During the cyclohexane production process, small amounts of off-gas are 

produced which can contain amounts of cyclohexane. In a typical plant set-up, this off-gas is 

collected and contained and used as heating gas for other processes. Modern cyclohexane plants 

do not have VOC emissions direct to air. Modern HDA units do not have VOC emissions direct 

to air, although some older units may have these types of emissions to air either in the stabiliser 

step or in the fractionation. Vent streams form BB4 units include: 

 

Cyclohexane: 

 Off-gas downstream reaction (upstream recycled comp) 

 Benzene tank storage. 

 

HDA 

 Purge upstream recycle gas compressor 

 Stabiliser column overheads 

 Fractionation columns overheads vents 

 

TA 

 Feed splitter OVHD vent 

 Off-gas downstream reaction (upstream recycled compressor) 

 Stabiliser overheads vent 

 Fractionation overheads vents 

 Catalyst regeneration operations 

 Charge heater comb flue-gases 

 

TDA 

 Benzene-methane fractionation vent 

 Separator flash drum 

 Catalyst regeneration operations 

 Stabilisation overheads vent 

 Feed heater comb flue-gases 

 

H2 purification gases 

 Stabiliser overheads vents. 

 

Furnaces: Large amounts of recycled cyclohexane and heat exchangers are required to absorb 

the heat of hydrogenation; it is critical to avoid excessive heat build-up, as high temperatures 

promote the formation of undesirable by-products, such as methyl-cyclopentane.  

 

HDA units may be designed with furnaces to heat the reaction mixtures before the 

Hydrodealkylation reactor or even to produce heat for some columns of the stabiliser section. So 

it is expected that in those cases, flue-gases are sent to the air. The LVOC BREF will cross-

reference to the LCP BREF or REF BREF on this topic. 

 

 
Table 8.7: Combustion related emission data in BB4 units.  

Flue-gas VOCs SOX NOX 

(kg/t of feed) (kg/t of feed) (kg/t of feed) (kg/t of feed) 

2107 0.0002 0.002 0.0598 

Source: EIPPCB questionnaires 2012 
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Storage: Some plants might have small feed tanks between the previously mentioned sections 

that may or may not produce emissions to air on normal operating conditions, depending on 

their design. One possible source of emissions from this block of units is the fugitive emissions 

from equipment such as pumps, seals and instruments. Some plants might have 

feed/intermediate storage tanks between the previously mentioned sections. These tanks have 

the potential for emissions of VOCs to arise from product storage. The EFS BREF provides 

general information regarding emissions to air from storage. 

 

8.3.1.5 VOC emissions to air from fugitive emissions 
 

There is the potential for fugitive emissions of VOCs to air from the process under normal 

operating conditions. The VOCs include substances such as cumene, benzene and toxic solvents 

such as NMP.  

 

Source: many assets of these processes are kept under positive pressure. Minimising leaks on 

compressors can be critical. Crystallisation units can also leak on cooling media. Pollutants 

from this source are: ethylene, propylene, PEG and MEG. 

 

See the CWW BREF on fugitive emissions. 

 

8.3.1.6 VOC emissions to air from storage 
 

See the EFS BREF. 

 

8.3.1.7 Emissions to air from combustion processes 
 

Steam boilers or hot oil furnaces that supply heating fluid utilities can be dedicated solely to 

aromatic plants or shared with nearby installations. These emissions may also include the 

combustion of non-conventional (non-commercial) fuel, such as the tar stream generated in 

fractionation section. See the LCP BREF. Emissions are: 

 

• composition: SOX, NOX, COX, dust, etc.;  

• amount: there are public data such as from Ecoprofiles; 

• other than normal operations: dust emitted in soot blowing. 

 

8.3.2 Emissions to water 
 

There are several effluents to water from different process sections. The most relevant pollutants 

in the emissions to water are the solvents (e.g. sulfolane or DMSO) used in the extraction 

processes, and this presents technical difficulties for treatment.  

 

8.3.2.1 Effluent from pygas (BB1 units) 
 

Normally the feed to the pygas unit is saturated with water and no free water is fed. Some water 

may be separated in the overhead section of the distillation units, leading to small discontinuous 

discharges of contaminated water to the sewer. Many of the organic substances that may be 

encountered will have some solubility in water, particularly given the temperatures that are 

involved, and the potential synergistic solubilising effect caused by the presence of other 

components. The following streams are examples of effluents:  

 

 recycle column sour water; 

 ejector drum condensate; 

 in some cases, steam is injected into the process, leading to continuous water 

discharges.  
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The potential organic substances will comprise a range of substances that could cause harm if 

directly discharged into the water environment, either due to their direct toxic effects, or due to 

their oxygen demand. However, most of these substances will be biodegradable, and a 

downstream biological effluent treatment plant (CWW BREF) can help reduce the level of these 

in the final (combined) effluent.  

 

Sour waters can come from the stripping steam injected after the reactors. Sulphur is converted 

into H2S and mercaptans; nitrogen compounds are converted into NH3; and cyclic hydrocarbons 

are converted into phenols. These waters are sent to sour waters treatment, specifically when the 

aromatic unit is operating nearby a refinery site. Typically quantity is 6 % to 12 % of the 

charge; composition salts ≈ 5 %) 

 Example of amount: 0.01–0.18 (m
3
/ tonne of product)  

 Steam added to process:  0.18–0.26 m
3
/h containing BTX and other C6-8 components

  

 Aqueous stream from vacuum systems: 0.17–0.25 m
3
/h containing BTX and other C6-8 

components. 

(Data from EIPPCB 2012 questionnaires)  

 

Composition: data upstream of the waste water treatment unit is only collected when there is an 

upset, and then only for the parameter of concern.    

 

8.3.2.2 Effluent from extraction (BB2 units) 
 

The feed to the aromatics extraction units usually comes from fractionation columns located 

downstream of the second stage hydrogenation of pygas or directly from the stripper column 

from this unit, from reformate fractionation or imports. In any case, the hydrocarbon feed from 

which the aromatics are extracted contains low amounts of waters since this is almost 

completely removed in the upstream section. Extraction can be done by: 

 

a) liquid-liquid extraction: the solvent provides a second liquid phase in which the 

aromatics species are preferentially absorbed; 

b) extractive distillation: where the presence of the solvent in the liquid phase significantly 

reduces the volatility of the aromatics compounds in relation to the non-aromatics.  

 

Two general types of solvents can be used for these processes. 

 

1. Dry solvents: such as NMP or DMF, used mainly in extractive distillation processes. 

When dry solvents are used, both the aromatic product stream and the non-aromatics 

stream are obtained practically dry, so there are usually no process water drains being 

produced.  

2. Solvent-water mixtures: used for liquid-liquid extraction processes, such as in the case 

of sulfolane or DMSO, although some wet solvents can be used in extractive distillation 

processes (sulfolane). When wet solvents are used, in certain points of the process, there 

may be a separation of the aqueous phase. Some of the aromatics streams, as well as the 

non-aromatic stream, are saturated with water at the equilibrium temperature of the last 

separation device. So they could drop water (or physically entrain free water) if there 

are no drying devices. In these cases, there may be drains for the process water 

associated to these process streams (either from drying techniques or from drums or 

intermediate tanks). When wet solvents are used, it is common practice to have a water 

wash section within the process to wash the non-aromatics stream in order to reduce 

solvent concentrations in this stream. In this case, the normal variation of operating 

conditions could require adjustments of the water–hydrocarbon ratio in washing 

columns. However, this should only have a low impact on the waste water emissions, 

since wash water remains in a closed loop (with purges as exceptions) within the plant 

and hydrocarbons are internally recovered from water streams in this type of facility. 
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For both types of extraction solvents, some equipment is operated under vacuum, to prevent 

high boiling temperatures that could lead to solvent decomposition. The extracted mixture of 

aromatics could be submitted in some cases to clay treatment, to remove traces of olefins, and 

later to further fractionation to separate the extracted aromatics into individual species. 

  

Effluent streams may include: 

 

 water purges from the extraction process that operate with wet solvents (not from the 

processes using dry solvents); 

 water drains from drying, cooling or storing aromatics or non-aromatics streams when 

using processes with wet solvents; 

 water from steam ejectors, when this technique is used for producing the vacuum 

required in the extraction process; 

 some chemical additives could be injected in the process, to prevent corrosion, fouling 

or foaming, and may contain small quantities of water. 

 

Examples of effluent sources are: 

 

 solvent regeneration system; 

 raffinate wash water; 

 recover column sour water (overhead drum aqueous phase); 

 ejector condensate drum; 

 water from azeotropic distillation recovery. 

 

Source: Environmental assessment for Jurong aromatic corporation: 2010 EnviroSolutions & 

consulting. 

 

Composition: these streams may contain BTX and methanol (or acetone), and strongly polar 

auxiliary agents (alcohols, ketones). Acetone is added to recover the benzene fraction, whilst 

methanol is used for the toluene or xylene fraction. The following sets of data was collected for 

the BREF review purpose and helps with examples to illustrate order of magnitude of examples 

of pollutant composition. 

 

 Example of amount: 0.07–0.09 (m
3
/ tonne of product) 

 Aqueous stream from process streams/drains: recycle column sour water 1–24 (m
3
/h)

  

 Pollutant: DMSO (solvent) 

 Aqueous stream from raffinate water wash 0.2–12 (m
3
/h);  

 Pollutants: TEG, DMSO, sulfolane and hydrocarbons 

 Aqueous from vacuum systems (m
3
/h): 0.7–0.9; traces: DMSO sulfolane and C6-9 

aromatics 

 

8.3.2.3 Effluents from xylene (BB3 units) 
 

Sources of effluent are: 

 Vacuum system condensate (when ejectors are in place). 

 Xylene extraction (Parex): raffinate column receiver and finishing column receivers. 

 Xylene isomerisation (Isomar): liquid waste from depentaniser 

o Example of amount: 0.002 m
3
/ tonne of product 

 Water from a dedicated neutralisation and F and B ions removal unit by caustic 

treatment  

o Amount: 0.06–0.5 m
3
/h  

o Pollutants: HC, F and B ions 

 

8.3.2.4 Effluents from other conversion units (BB4 units) 
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Typically, a waste water stream is produced during the process and may contain organic 

compounds. The feed to the cyclohexane plant usually contains no, or only very little, water. 

The amount of water generated is low but also depends on the feed composition and the plant 

design. Furthermore, water could be introduced from seal systems, vacuum systems etc. Water 

can be purged out of the system via bootlegs or other draining systems. A post treatment might 

be required upfront of the central treatment facility, but this depends on the various designs of 

the water treatment facilities. 

 

Effluent streams in these units may include: 

 

 drier regeneration effluent, 

 condensate from strippers, 

 condensate from separator. 

 

8.3.3 Raw material consumption 
 

8.3.3.1 The feed in pygas hydrogenation first and second stages (BB1) 
 

The feed to the pygas hydrogenation unit typically originates from several sources in a steam 

cracker or refinery, including the bottom of the debutaniser within a steam cracker. The pygas 

consists of a mixture of paraffins, olefins, diolefins, aromatics and alkenyl-aromatics, ranging 

from C5s through C10+ components. 

 

 The feed composition (particularly the amount of diolefins, olefins and sulphur) are 

dependent on the feed and operating conditions of the steam cracker and can vary 

substantially. 

 The type of catalyst, the amount of catalyst and the amount of hydrogen used depend on 

the feed composition. 

 

The goal of the hydrogenation unit is to prepare the stream for the aromatic extraction unit. The 

feed is mostly split into C3 cuts, a C5 stream, a C6-C8 stream and a C9+ stream. However, there 

are many variations, as some producers want maximum C6, C7, C8 and sometimes even C9 

aromatic recovery, while others only recover the benzene. 

 

Depending on the destination of the C5 by-products, the depentaniser can be located before the 

first reactor (e.g. isoprene, DCPD recovery), in between the reactors (e.g. Mogas blending) or 

after the second stage reactor (e.g. recycling to the steam cracker).  

 

8.3.3.2 The feed and solvent in BTX extraction 
 

It is possible to identify three different types of substances that are consumed under normal 

operating conditions in the extraction section of an aromatics plant (excluding energy and 

utilities). 

 

Feedstock: typically a C6 or C6C7 or C6C7C8 hydrocarbon mixture coming mainly from the 

steam crackers or naphtha reforming units, although coke ovens or FCC units could also be 

sources of feedstock, but to a much lesser extent. These feedstocks are relatively rich in 

aromatics (30–90 %), and contain some other non-aromatic species that are separated from the 

pure aromatics streams in this section. 

 

Extraction solvent: the solvent remains in a closed loop within the aromatics extraction; There 

are losses and it is necessary to replace these losses; its consumption is minimised by the 

producer, not only to limit the environmental impact but because they are expensive substances. 

 

Chemical additives: some extraction technologies require the use of certain chemical additives 

to prevent undesired operating problems, such as foaming in extraction columns or corrosion 
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due to feed impurities or solvent degradation. However, not all extraction technologies require 

the use of these chemicals.  

 

There is a trade-off between energy and feed usages. Plant operating conditions play an 

important role in the recovery of aromatics so, normally, operators continually tune plant 

conditions to maximise recovery. However, for a given plant, recovery might be limited by the 

specific design of the hardware of the unit or energy considerations.  

 

In most cases, operating conditions are balanced by operators hoping to achieve a stable 

operation that seeks an optimum compromise between recovery, energy consumption and the 

risk of being outside the specifications for the aromatics product. Operators optimise the 

following operating parameters for this purpose: 

 

• solvent to feed (or to aromatics in feed) ratio; 

• pressure in columns; 

• temperatures and temperature profiles in columns; 

• reflux ratios in distillation columns; 

• internal recycles. 

 

These optimum conditions not only depend on the plant design features or process used, but 

also on the feedstock composition, nature of non-aromatic species and the specific quality of the 

aromatic product that is intended to be produced. 

 

8.3.3.3 The feed in the xylene separation (BB3) 
 

The feed to the xylene block will be mainly the C8 cut of the reformate and contains the 

equilibrium xylenes, ethylbenzene and non-aromatics. In addition, feed from a xylene 

generation unit, like the TDU, can be fed to the xylene separation block as well. The 

ethylbenzene and non-aromatics in the feed to the block can contribute to the fuel gas made in 

this block. 

 

8.3.3.4  The feed in other aromatics conversion processes 
 

a) Feed composition in cyclohexane production 

 

The raw materials used for cyclohexane production are benzene with a purity of at least 98 % 

and pure hydrogen. Benzene is consumed almost quantitatively; the same is true for hydrogen. 

The yield from benzene is nearly quantitative and the cyclohexane has a purity of at least 

99.73 %, and can be as high as 99.99 %. To obtain sufficiently high yields of cyclohexane 

requires benzene and hydrogen that are free of catalyst contaminant poisons (particularly 

sulphur and carbon monoxide), as well as careful control of the operating temperatures and 

pressures. The purity of cyclohexane, now the industry standard for adipic acid and caprolactam 

production, is a direct function of the benzene and hydrogen feedstock purity. 

 

b) Feed composition to the hydrodealkylation unit (HDA)  

 

The feed to HDA units originates from BTX extraction or from pygas and fractionation 

sections: the composition is mostly C7+ components, ranging up to and above C9+. The feed 

composition depends on the fractionation and BTX extraction upfront and can consist of a TX-

cut (toluene, xylene), a toluene fraction, or a xylene fraction. The main aim of the HDA is to 

convert the aromatic components into benzene. The overall composition of the feed can vary 

substantially due to the different designs of BTX extraction and fractionation. The ratio between 

toluene and xylene in particular differs between the different designs. 

 

The usage of the by-products can also vary substantially and include use as fuel oil, and feed for 

downstream partners. The purge gases from the HDA process are sometimes sent to a PSA or 
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deep temperature separation, to increase the by-product production of the plant and to decrease 

yield losses. 

 

8.3.4 Energy consumption 
 

Combustion plants (e.g. for the generation of steam) associated with the manufacture of 

aromatics, including those using non-commercial fuels, are covered by the LCP BREF. 

Techniques that address the energy generation (supply) devices and operations (hot oil furnaces, 

steam boilers) such as low-NOX burners are covered in the LCP BREF. 

 

There are process associated measures related to the energy consumption side. The section on 

energy in this aromatic chapter describes how operators can design, maintain or operate their 

process to demand less energy and thus generate lower emissions (e.g. NOX) to air. Table 8.8 

shows the order of magnitude of energy usage by these types of units. 

 

[Note to TWG: Industrial organisation and operators have not provided energy related data.  

Their rationale is based on their responsibilities under the ETS. However this data is not 

available to the TWG and in any event the information is not associated with the techniques 

employed at the installations.  Aromatic plants are a large consumer of energy and effort should 

be applied to referencing consumption to techniques and achieving a reduction of associated 

emissions.] 

 
Table 8.8: Energy usage  

 

Pygas- 

BB1 

BTX Extr- 

BB2 

Conv- 

BB4 

Xyle- 

BB3 

(KWh/T) (KWh/T) (KWh/T) (KWh/T) 

Total 

 

Max 462 1564 2853 2012 

Min 418 633  1757 

Steam 

 

Max 191 531 -1398 382 

Min 363 622  1476 

Electrical 

 

Max 15 11 291 270 

Min 54 72  320 

Fuel Max 40 149 3960 260 

Min 150 875  1054 
N.B. Data from EIPPCB questionnaires to operators (2012) 

 

 
Table 8.9: Other values from literature on energy usage 

 

Pygas- 

BB1 

BTX Extr- 

BB2 

Conv- 

BB4 

Xyle- 

BB3 

(KWh/T) (KWh/T) (KWh/T) (KWh/T) 

Total 

 

Max 700 1010 2107 9315 

Min 28 300  1428 

Sources: 

 

[Note to TWG: EIPPCB used a long list of sources to produce this data and will summarise for the final 

document.] 

 

Energy consumed in fractionation operations 

 See the Generic Chapter of the LVOC BREF. 

 

Energy usage on compressors 

 See the Generic Chapter of the LVOC BREF. 

  

Energy recovered from process heat 

 See the Generic Chapter of the LVOC BREF. 
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8.3.5 Water consumption 
 

There are several potential sources that could use process water in aromatics production, 

although actual process water consumption by individual users is generally not measured. The 

sources are detailed below. 

 

a) Extraction processes. 

b) Solvent recovery processes. Water may be needed for the washing of process streams 

(e.g. to remove salts), ion exchange columns (BFW for stripping clay), etc.  

c) Caustic washes. Water can be introduced into the process along with some raw 

materials (e.g. sodium hydroxide solution). These raw materials may be delivered to the 

site in the desired concentration, or they may have to be diluted to the required 

concentration after receipt; the water consumption for any use of this nature would 

therefore have to be judged in the context of the nature of raw materials.  

d) Some process water may be added to the fractionation and purification activities in 

order to modify a column's composition and temperature profile, in order to make the 

achievement of the desired outcome easier. The nature of the fractionation/purification 

activities could therefore have an impact on the process water consumption. 

e) Water that might be used in the operation of vacuum systems (ejectors).  This steam 

could be recycled to feed cooling water. 

f) Boiler feed water (BFD). A large amount of steam is required for the cracking, and 

therefore the potential water consumption can be significant. There will be a hold-up of 

water in the plant under normal operating conditions that might need to be removed 

during shutdowns in order to provide access to the plant, e.g. for maintenance activities. 

There may therefore be a peak in water demand when replenishing this water inventory. 

 

8.3.6 Co-products, by-products and waste generation 
 

Residues and wastes generated include spent catalyst, spent clay and solvent regeneration 

residues. Waste generation is strongly related to turnaround, which occurs at long time intervals. 

To categorise every waste disposal (European Waste Catalogue, EWC), a long list of analyses 

for organics, inorganic and physical properties is produced. The quantity of waste is normally 

determined by weight excluding the weight of the disposal truck. 

 

8.3.6.1 Spent catalyst 
 

The hydrogenation catalysts used to upgrade the pygas in the first stage are typically Ni- or Pd- 

based. The catalyst needs to be regenerated periodically (typically every 12 and 24 months, 

although it could be much less often) and replaced periodically (typically every five years or 

more). The frequency with which this will be required will depend to a large extent on the 

presence of poisons, the operating conditions, and the nature of the catalyst. 

  

Example values from the EIPPCB questionnaires: 0.0015–0.04 kg/t of product. 

 

The second stage hydrogenation catalysts: the catalysts employed to upgrade the pygas in the 

second stage are typically Ni-Mo- or Co-Mo-based. Often a mixture of both catalysts is 

employed. The catalyst employed will need to be regenerated periodically (typically between 12 

and 48 months) and replaced periodically (typically every five years or more). The frequency 

with which this will be required will depend to a large extent on the presence of poisons, the 

operating conditions, and the nature of the catalyst. 

 

Example values from the EIPPCB questionnaires: 0.009–0.12 kg/t of product. 

 

The catalyst supporting cyclohexane production is generally supported platinum, nickel or 

ruthenium. This catalyst will need to be regenerated periodically (approximately every two 

years) and replaced periodically (typically every five years). The frequency of 

replacement/regeneration will depend to a great extent on the presence of catalyst poisons, the 
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operating conditions, and on the nature of the catalyst. Additionally, a Cu/Zn catalyst/adsorber 

supporting the desulphurisation may be necessary, which will need to be exchanged up to five 

times a year. 

 

Isomerisation catalyst 

(No data collected from questionnaires) 

 

8.3.6.2 Spent clay 
 

Spent clay arises from the vessels in which small quantities of olefins are reacted to generate 

heavy boilers that can be easily separated from the pure aromatics streams by distillation. To 

unload this spent clay (when it loses efficiency for olefins removal), the vessel that contains the 

material should be put out of service, decommissioned and unloaded following similar 

procedures to those used to unload fixed bed reactors or adsorbers.  

 

Spent clay may contain some heavy boiling hydrocarbons, gums and traces of aromatics, and 

should be managed in such a way so as to minimise the environmental and human impacts. 

Most plants are provided with two clay treaters, so when one of them is taken off line for 

unloading spent material and loading fresh clay, the other treater remains in operation, allowing 

production of aromatics to continue.  

Amounts: typical periods of operation for clay treaters range between 6 months and 2 years. The 

spent clay is sent for disposal externally to the aromatics plant. 

 
Table 8.10: Example values from EIPPCB questionnaires 

Unit type Spent clay (kg/t of product) 

BB1 0.065-0.217 

BB2 0.104-0.65 

BB3 0.104 

BB4 (Stdp) 0.005 

 

 

8.3.6.3 Solvent sludge for BTX extraction 
 

Solid sludge is generated in the solvent regenerator (or filter) of the extraction unit. A small 

non-vaporised residue is left in the bottom of the regenerator containing solids such as gums, the 

products of degradation and oxidation of the solvent, scale, heavy boilers entrained by the feed, 

other residues and some solvent that remains attached to the solids. This mixture makes a kind 

of slurry paste that accumulates in the bottom of the regenerator. Periodically (once every 2 to 

10 weeks typically), this slurry is unloaded and sent for disposal (incineration or mixed with 

heavy fuel oil).  

 

The regenerator can be taken out of service for short periods (even a few weeks) for 

maintenance purposes, without significantly affecting the operation of the extraction section, 

although some plants may have a couple of regenerators in service depending on the fouling rate 

of the solvent. The quantities of sludge removed from the regenerator each time it is unloaded 

are a few hundred kilograms. 

 

Example from EIPPCB questionnaires: solid sludge from solvent regeneration 0.05–0.003 kg/t. 

 

8.3.6.4 Adsorbents 
 

These adsorbents typically consist of alumina or molecular sieves and are typically disposed of 

via landfill.  

 

Example from EIPPCB questionnaires in BB4 type (STDP): 0.06–0.102 kg/t. 
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8.3.6.5 By-products 
 

Since composition can vary in the feeds, and the processes include purification steps, most of 

the units generate one or various co-product streams. Table 8.11 shows a few examples of the 

co-products and by-products. 

 
Table 8.11: Other products from aromatic units 

Unit Source Stream 

BB1 type of units:  

Pygas hydrogenation  Fuel gas; drag stream 

Litol and similar Cryogenic separation C1-4;C4- 

Pygas hydrogenation 

 

Cold separator Hydrogen 

Depentaniser C5; C6; C7+ 

Aromax Debutaniser C4- 

Cyclar Fractionation Light ends 

BB2 type of units: 

Aromatic extraction Toluene column C8+ aromatic 

Xylene Xylene column C9+ aromatics 

Extractive distillation Ext. distillation top cut Non-aromatic HC 

BB3 type of units: 

Xylene crystallisation Centrifuge Mother liquor 

Xylene adsorption Fractionation Light ends 

BB4 type of units: 

HDA Fractionation Fuel; di-phenyl 

TDP Fractionation Light ends; C9+aromatics 

 

There following process streams are present in the cyclohexane process: 

 Low boiling by-products, which are generally recycled to a steam cracker (can be via 

interim storage in a tank); 

 High boiling by-products, which are mainly used thermically; 

 Off-gas stream, which is used as fuel gas (or in some cases, sent for hydrogen 

recovery).  

 

8.3.6.6 Sulphur 
 

Sulphur is taken out of the feedstock of aromatics production, depending on the nature of the 

feedstock used. The extraction of H2S in the feed gas may occur within the aromatics plant or 

within the plant providing the feedstock or a mix of these two options. Hydrogenation 

desulphurisation units will generate vents that contain H2S. The normal approach of an aromatic 

plant design is to route these streams to the refinery treatment unit (e.g. Claus unit). 
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8.4 Techniques to consider in the determination of BAT 
 

This section describes techniques (or combinations thereof), and associated monitoring, 

considered to have the potential for achieving a high level of environmental protection in the 

activities within the scope of this chapter. The techniques described will include both the 

technology used and the way in which the installations are designed, built, maintained, operated 

and decommissioned. 

 

It covers process-integrated techniques and end-of-pipe measures. Waste prevention and 

management, including waste minimisation and recycling procedures are also considered, as 

well as techniques that reduce the consumption of raw materials, water and energy by 

optimising use and reuse. The techniques described also cover measures used to prevent or to 

limit the environmental consequences of accidents and incidents, as well as site remediation 

measures. They also cover measures taken to prevent or reduce emissions under other than 

normal operating conditions (such as start-up and shutdown operations, leaks, malfunctions, 

momentary stoppages and the definitive cessation of operations). Cross references to other 

chapters are used, where relevant to avoid repetition. 

 

Annex III to the Directive lists a number of criteria for determining BAT, and the information 

within this chapter will address these considerations. As far as possible, the standard structure in 

Table 2.3 is used to outline the information on each technique, to enable a comparison of 

techniques and the assessment against the definition of BAT in the Directive. 

 

This chapter does not necessarily provide an exhaustive list of techniques which could be 

applied. Other techniques may exist, or may be developed, which could be considered in the 

determination of BAT for an individual installation.  

 

8.4.1 Techniques to reduce emissions to air 
 

8.4.1.1 Generic techniques 
 

The majority of the techniques used in aromatic plants are horizontal or generic. All of the 

techniques shown below are fully described in the Generic chapter of the LVOC BREF Section 

2.4, in the REF BREF or in the CWW BREF. The techniques listed below (along with their 

reference code and applicability) are applied in aromatic complexes: 

 

 (A0) – Condensation  

See section 2.4.4.1.3 – Condensers are used to reduce the VOC content in the process-

related vent streams. 

 

 (A1) – Adsorption.  

See section 2.4.4.1.1 – Purify or recover the H2-rich streams in PSA in order to recover 

expensive hydrogen raw material from the recycle compressor purges or other vent 

streams. 

 

 (A2) – Use hydrogen-rich stream as feed in the hydrogenation unit.  

See section 2.4.4.5.1 – To recover expensive/scarce hydrogen raw material from recycle 

compressor purges or other vent stream and use it directly in a hydrogenation process. 

This best practice is a combination of various generic techniques to consider that are 

described in the LVOC BREF.  

 

 (A3) –Cryogenic condensation 

See section 2.4.4.1.3 – Use of cryogenic separation (cold box) for products recovery. To 

recover expensive/scarce raw materials (e.g. hydrogen, CO or methane) from recycle 

compressor purges or other vent stream. 
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 (A4) – Recover energy from process streams (calorific value).  

See section 2.4.7.1 –.Send gaseous stream to fuel gas/furnace. To recover energy from 

VOCs or other hydrocarbons contained in such a stream. Normal operating pressures 

should allow the fuel gas produced in the process to be fed directly to the fuel gas 

system, which reduces the emissions from flaring. 

 

 (A5) – Recover feedstock (by distillation or cracking).  

See section 2.4.9.1.3 – Recover valuable compounds sending to upstream process. 

Some vents or liquid streams may contain valuable chemicals (e.g. feedstock in steam 

crackers) and thus can be recycled back or to a distillation trend where separation can 

lead to a product recovery. 

 

 (A6) – Gas recompression to recover energy or feedstock.  

See the LVOC BREF generic techniques to consider. Recompress to recover. Some 

units may be designed to operate under vacuum or low pressures. In this case, the 

overhead vents have a lower pressure than the vent header or fuel gas header; it could 

be recompressed and sent to the fuel gas network, a furnace or the flare (less preferred 

option). It is sometimes used to fully recover some or all of the hydrocarbons vented to 

the flare system. The first priority in an aromatics plant is to contain the vent and off-

gases and use them as fuel, however, this is sometimes not possible and they are sent to 

flare systems. On these occasions, vent compression is sometimes used to recover some 

or all of the hydrocarbons vented to the flare system. Low pressure off-gases from low 

pressure separators or from stripping columns need to be recovered as well, and they are 

generally used as fuel gases. 

 

 (A7) – Adsorption (charcoal, etc.)  

See section 2.4.4.1.1 –.This technique permits the recovery of VOCs and other 

hydrocarbons from the gaseous stream. 

 

 (A8) – Dedicated and closed system for collection of emissions.  

See section 2.4.3.2 – Some units include a dedicated vent (drain) system in order to 

enable the recovery of benzene when generating benzene-rich emissions (sample taking, 

emptying devices or equipment for maintenance, etc.) This is the use of closed piping 

systems for draining and venting hydrocarbon-containing equipment prior to 

maintenance, particularly when containing more than 1 wt % benzene or more than 25 

wt % aromatics. Ideally, permanent piping is used to minimise the risk of exposure 

during the breaking of containment.  

 

 (A9) – Dedicated and closed system for collection of emissions.  

See section 2.4.3.2 – Dedicated aromatic vent system. This technique enables a 

recovery of raw materials when generating aromatic-rich emissions (sample taking, 

emptying devices or equipment for maintenance, etc.) 

 

 (A10) – Closed loop sample systems.  

This is the recovery of raw materials when generating aromatic-rich emissions (sample 

taking, emptying devices or equipment for maintenance, etc.) This is one of the best 

practices mentioned in the CWW BREF and REF BREF under ‘Techniques to 

prevent/reduce diffuse VOC emissions’. 

 

 (A11) – Channelling of emission streams.  

See section 2.4.3.1 – Close piping for venting and draining prior to maintenance. This 

avoids direct emissions to air, enabling the applicability of a downstream abatement 

technique. 

 

 (A12) – Minimise PSV discharges/flaring.  

Although the ultimate safeguards against over-pressurisation in the unit are the relief 

valves (which normally vent to a flare system) it is common practice to install high 
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integrity ‘heat-off’ systems in benzene plants. These systems trip the heat input to 

distillation columns in the event of a pressure increase in the equipment. This reduces 

emissions from flaring. In the LVOC section on ‘generic techniques to considerʼ there 

are various techniques that address unplanned other than normal operating conditions. 

The frequency of occurrence of this event can be decreased by an adequate reliability 

programme (managerial techniques seeking larger uptime). 

 

 (A13) – Channelling of emission streams.  

See section 2.4.3.1 – Minimise direct discharges to atmosphere in plant design or 

revamps. This assures that safety valves do not discharge to the atmosphere and that 

they are linked to the flare network. Channel all process vents (even minor ones) to a 

recovery header (e.g. fuel gas) and never to atmosphere. 

 

 (A14) – Acid gas removal (e.g. amine treatment).  

See section 2.4.4.2 – Reducing the sulphur content in gaseous streams prior to emitting 

to atmosphere. 

 

 (A15) – Sulphur recovery unit (e.g. shared Claus unit).  

Reducing the sulphur content in gaseous streams prior to emitting to atmosphere. See 

the REF BREF 

 

 (A16) – Caustic scrubber.  

See section 2.4.4.2.1 – Reducing the acid content in gaseous streams prior to emitting to 

atmosphere. 

 

 (A17) – Incineration. Combustion of organic substances. 

 

 (A18) – Thermal oxidiser.  

See section 2.4.4.1.5 – Reduce content of VOC and/or hazardous pollutants. 

 

 (A19) – Catalytic oxidiser.  

See section 2.4.4.1.2 – Reduce content of VOC and/or hazardous pollutants. 

 

 (A20) – Prevention techniques for diffuse emissions of VOCs.  

See section 2.4.4.1.4 – LDAR. Minimise fugitive emissions from pumps and flanges 

according to the techniques described in the CWW BREF. 

 

 Use of canned pumps or magnetically driven pumps, whenever feasible for services 

processing streams with a high aromatics content; otherwise use pumps fitted with 

double mechanical seals. 

 

8.4.1.2 Techniques in pygas (BB1) units 
 

The technical options identified to reduce point emissions from process equipment under normal 

operating conditions of a pygas treatment unit are detailed below.  

 
8.4.1.2.1 Recover diluted H2 streams 

 

The gases separated after the hydrogenation reactors (or purged if the unit is equipped with a 

recycle compressor) have reduced concentrations of H2. However, techniques can be applied to 

recover energy or valuable feedstock and reduce emissions.  

 

i) In some cases, it is possible to use it in other hydrotreating units that could operate with 

lower hydrogen purities.  

ii) In other cases, they are used as a fuel gas on site, given the higher quantities of 

hydrocarbons such as methane and ethane.  
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iii) In some units, it is possible to reconcentrate H2 by using a PSA unit or a cold box 

(cryogenic separation). However, the latter option requires a very large investment and 

in general is not justified. 

 
8.4.1.2.2 Distillation to recover feedstock, in this case also applied to reduce 

energy usage  

 

 (A21) – Depentaniser column prior to the second step hydrogenation.   

A process integrated measure to avoid or minimise emissions. 

 

Description 

To include a fractionation column upstream of a hydrogenation unit in the plant design. 

 

Technical description 

The use of a distillation column to the hydrogenation plant feed will reduce the actual feed to 

this unit and thus reduce some usage (energy, hydrogen, etc.) 

 

Achieved environmental benefits 

This design feature may reduce the H2 flow in the second step and thus minimise the related 

vent (recycle compressor purge, stabiliser vent, etc.) flow. 

 

Environmental performance and operational data 

 

Cross-media effects 

Need to adopt an overall site energy and emissions. 

 

Technical consideration relevant to applicability 

Other factors may apply as it is an operational decision based on market as well as technical 

factors to produce different products, by use of an upstream distillation column. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 

Table 8.12 shows some examples of generic techniques' applicability to emissions streams from 

the BB1 units. 
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Table 8.12: Emission to air from BB1 units – application of techniques 

Source Recover material Recover heat Other 

Hot high-pressure 

separator downstream 

of 1st step 

A0, A2, A5 A4, A5  

Cold low-pressure 

separator downstream 

of 1st step 

A0, A3 A4 A4 

Hot high-pressure 

separator downstream 

2nd step (
1
) 

A0, A16+A2, A21 A4 A14 

Downstream stabiliser 

column /flash (
1
) 

A0, A3 A16+A4, A5 A14 

Other vents from 

overhead column 

vessels and vent from 

seal oil hydrogen 

compressor 

A6, A5 A4 Flare, atmosphere 

Hydrogen strip of 

hydrotreater feed 
A5, A6   

Purges/streams from 

gas recovery section 

(such as cold box) 

  To flare 

Recycle compressor 

purge(s) 
 A4  

(
1
) Off-gases from the second stage hydrogenation contain H2S 

 

8.4.1.3 Techniques in extraction (BB2) units 
 

The BB2-type units will have a larger aromatic composition (e.g. pure benzene product) and a 

larger volume of hazardous/toxic solvents. This will lead to somewhat more severe personnel 

exposure measures, safety procedures and environmental techniques.  

 

Process-integrated measures to avoid or minimise emission generation: these two techniques 

mentioned below will lead to lower specific energy-related emissions to air (such as NOX and 

CO). 

 

 (A22) – Single extractive distillation column.  

Extractive distillation process with a single column configuration. See the section on 

techniques applied to energy usage, in this chapter. It is an operational decision based 

on market as well as technical factors to produce different products, by use of an 

upstream distillation column, so the technique may not always be applied. 

 

 (A23) – Recover heat from the toluene column top cut.  

Use of the heat from the toluene distillation column to supply as Benzene reboiler heat. 

See the section on techniques applied to energy usage, in this chapter. 

 

Table 8.13 shows some example of generic techniques' applicability to emissions streams from 

the BB2 units and some of the potential process sources. 
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Table 8.13: Emission to air from BB2 units – application of techniques 

Source Recover material Recover/avoid heat Other 

Ext. dist. column 

overhead vent 

A6+A5  Flare 

Fractionation overhead 

vents 

A6+A5 A23 Flare, atm. 

Vents from overhead 

column vessels and 

vacuum systems 

A6+A5, A3  Atm. 

Stripper overhead vent A6+A5   

Solvent recovery 

column overhead vent 

 A4 Flare 

Clay tower 

filling/emptying 

  Flare 

Combustion for energy 

supply 

 A22  

 

8.4.1.4 Techniques in xylene (BB3) units 
 

There are some specific features of process-integrated measures to avoid or minimise emissions 

generation in the BB3 type of units. 

 
8.4.1.4.1 Gas recovery 

 

Recover diluted H2, ethane and methane streams: the gases separated after the isomerisation 

reactor (or purged if the unit is equipped with a recycle compressor) have reduced 

concentrations of H2, ethane and methane. However, they should be recovered to prevent 

emissions and to reduce hydrogen consumption. In some units, it is possible to reconcentrate H2 

by using a PSA unit or a cold box (cryogenic separation). Furthermore, separated methane could 

be used directly as a fuel gas and the ethane fraction could be sent back to upstream plants as 

feed but also used as a fuel gas as well. 

 
8.4.1.4.2 p-Xylene adsorption with high molecular sieves (A24) 

 

Description 

The most commonly used p-xylene separation technology involves isothermal, liquid phase 

adsorption with molecular sieves. 

 

Technical description 

The most commonly used p-xylene separation technology involves isothermal, liquid phase 

adsorption with molecular sieves. 

 

Achieved environmental benefits 

This technique may result in lower energy consumption in comparison with other separation 

techniques and thus lower combustion related emissions to air. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

New units 

 

Economics 

 

Driving force for implementation 

 

Example plants 
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Reference literature 

 
8.4.1.4.3 Recover heat from the o-xylene/mixed xylene column (A25) 

 

To use the heat of the o-xylene distillation column to operate a turbine. This technique will 

reduce the specific emission loads on combustion- (energy) related pollutants such as NOX or 

CO. See the section on techniques applied to energy usage, in this chapter. 

 

Table 8.14 shows some examples of the generic techniques' applicabilities to emission streams 

from the BB3 units. 

 
Table 8.14: Emission to air from BB3 units – application of techniques 

Source Recover material Recover/avoid heat Other 

Vents from overhead 

column vessels and 

vacuum systems 

A0, A6+A5  Flare 

Recycle compressor 

purges 
A24, A1,A3 A4  

Downstream stabiliser 

/flash vent 
 A4  

Fractionation A25 A4  

 

8.4.1.5 Techniques in other conversion (BB4) units 
 
8.4.1.5.1 Gas recovery 

 

Recover diluted H2, ethane and methane streams: the gases separated after the 

hydrodealkylation reactor (or purged if the unit is equipped with a recycle compressor) have 

reduced concentrations of H2, ethane and methane. However, they can be recovered to prevent 

emissions and to reduce hydrogen consumption. In some units, it is possible to reconcentrate H2 

by using a PSA unit or a cold box (cryogenic separation). Furthermore, separated methane could 

be used directly as a fuel gas and the ethane fraction could be sent back to upstream plants as 

feed but also used as a fuel gas as well.  

 

All the techniques mentioned above are described in the generic techniques to consider section 

of the LVOC BREF. Table 8.15 shows some examples of the generic techniques' applicabilities 

to emission streams from some of the process sources in the BB4 units. 

 

 
Table 8.15: Emission to air from BB4 units – application of techniques 

Source Recover material Recover/avoid heat Other 

Toluene 

disproportionation 

(TDP): Off-gas 

downstream reaction 

(upstream recycle 

compressor) 

A1,A2,A3 A4  

TDP: Stabiliser 

overhead vent 
 A4  

TDP: Fractionation 

overhead vents 
A6+A5   

Purges/streams from 

gas recovery section 
  Flare 

 

8.4.1.6 Fugitive emissions to air 
 

See the CWW BREF section on fugitives. 
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8.4.1.7 Emissions to air from storage 
 

Emissions to air can be minimised by a floating roof with vapour tight dome or fixed roof with 

vapour treatment. See also the EFS BREF. 

 

8.4.1.8 Combustion gases 
 

Emissions from combustion plants where the principal objective is the production of energy, 

e.g. as steam, heat, electricity or combined heat and power, are outside the scope of this BREF. 

Full descriptions of all the emission control techniques that can be applied can be found in the 

LCP BREF. 

 

8.4.2 Techniques to reduce emissions to water 
 

The LVOC BREF will address only effluent treatment at source and the specific pretreatment 

upstream of the (conventional) waste water treatment unit. See also CWW BREF.  

 

The majority of the techniques used in aromatic plants are horizontal or generic. All of the 

techniques shown below are fully described in the Generic chapter of the LVOC BREF or in the 

CWW BREF. These techniques will be mentioned in the aromatic chapter with their codes and 

highlighting their specific features (e.g. applicability). 

 

 (W1) – Liquid phase separation:  

See section 2.4.5.3.3 – Decantation vessels (drums) equipped with level measurement / 

interface detection allowing the control of the intermittent draining operation, thus 

enabling operators to stop hydrocarbons draining away with the water. Interface 

measurements can be applied on the decantation drum, with low hydrocarbon phase 

level alarms and associated trips. 

 

 (W2) – Oil-water separation (including emulsion management):  

See section 2.4.5.3.3 – The formation of emulsions can increase the entrainment of 

organic substances with the purged water. However, the use of certain de-emulsifiers 

can give problems with effluent toxicity.  

 

 (W3) – Stripping to recover HC:  

See section 2.4.5.3.4 – Sour waters stripping. 

 

Description 

This operation is a pretreatment operation before release to the principal waste water 

treatment. It is necessary due to the high content of NH4+ and H2S.  

 

Technical description 

This consists of acidification with a strong acid to dissociate HSNH4 into H2S and 

(NH4)2SO4 and then a vapour stripping of H2S and NH3. This operation results in sulphur 

elimination of about 90 % to 98 % and ammonium elimination of about 92 % to 97 %. 

Phenols are however not well-stripped and only 30 % of linked ammonia is stripped. 

 

Applicability 

Applied to the steam added to the process. 

 

See the CWW BREF for a complete technique description. 

 

 (W4) – Multiple use and recirculation operations (see the CWW BREF).  

Reuse effluent as boiler feed water or other application.  

 

 (W5) – Multiple use and recirculation operations (see the CWW BREF).  

Recover water to process water. 
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 (W6) – Dedicated and closed system for collection of emissions.  

Closed drain system: this is a dedicated header that enables a later separation of 

organics  and water, with a reuse for both streams (e.g. dedicated solvent sewage or 

dedicated aromatic sewage). 

 

Depending on the plant configuration and process waste stream generated, a separate 

facility may be operated to only treat streams containing high levels of benzene and 

other aromatic compounds. This process concentrates the benzene and aromatics for 

further recovery or processing either on site or off site. The recovered water is then 

routed to a central WWT unit or used elsewhere on the site. 

 

 (W7) – Neutralisation (see the CWW BREF).  

Treatment (e.g. pH adjustment) of caustic scrubber waste water prior to WWTU.  

 

 (W8) – Effluents systems above ground .  

 

 (W9) – Water-free vacuum generation (see the CWW BREF).  

 

 (W10) – Oil-water separation system (see the CWW BREF).  

Avoid oily water collection system: in some systems, waste water containing high 

levels of aromatics is treated in an oily water collection system. This system allows the 

segregation of water and hydrocarbons. The hydrocarbon phase is recovered and 

reprocessed in heavy hydrocarbon processing units, such as a Coker. The recovered 

water is then routed to a central WWT unit or used elsewhere on the site. 

 

 (W11) – Adsorption (see the CWW BREF): carbon/charcoal.  

Carbon filters may be used at the aromatics plant to limit the maximum load to the 

WWTU (ʻpeak shavingʼ). 

 

8.4.2.1 Techniques in pygas (BB1 units) 
 

The applicability of generic techniques used in the EU aromatics units of type BB1 are shown in 

Table 8.16. 

 
Table 8.16: Emission to water from BB1 units – application of techniques 

Source Recover /reuse Other 

Steam added to process W3, W4 W1,W6 

Aqueous from vacuum systems W3, W4 W1 

 

8.4.2.2 Techniques in extraction (BB2 units) 
 

The applicability of generic techniques used in the EU aromatic units of type BB2 are shown in 

Table 8.17. 

 
Table 8.17: Emission to water from BB2 units – application of techniques 

Source Recover /reuse Other 

Aqueous from process 

streams/drains (recovery column 

sour water) 

W4 Send to WWT unit 

Aqueous from raffinate water 

wash 
W1, W3 W7, W6 

Aqueous from vacuum systems  W1, W3, W4 

BTX recovery column 

consumption (the start-up) 
W1 W6 

 

The effluents from aromatic plants of type BB2 may contain solvents such as sulfolane. 
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8.4.2.2.1 Solvent monitoring 

 

Description 

Monitoring in itself it is not a technique but an important part of an operational procedure to 

reduce or avoid toxic solvents getting into the waste water treatment unit. 

 

Technical description 

Perform (periodic) measurements of solvent content in these streams to allow operators to react 

and apply measures to reduce or mitigate the content of solvents in the effluents to the collective 

streams. These measures can be as simple as: verify proper alignment of purges, equipment 

tightness, sampling point leaks, etc. 

 

Most frequent solvents are: sulfolane, diethylene glycol, triethylene glycol, tetraethylene glycol; 

dimethyl sulfoxide (DMSO), N-methyl-2-pyrrolidionone monoethylene glycol, N-

formylomorpholine. 

 
8.4.2.2.2 Solvent selection 

 

Description 

Select the process technology with lower emissions to water. This is not solely a solvent 

selection issue, as the choice of solvent can determine the design of the rest of the plant. 

 

Technical description 

Dry solvents will generate lower effluent loads. 

Some solvents (and the rest of plant design) will be more degradable than others 

 

Achieved environmental benefits 

Higher degradability in the biological reactors that operate downstream. 

 
8.4.2.2.3 Other horizontal techniques 

 

Other horizontal techniques that can also be applied here are: 

 

Solvent extraction 

 See the CWW BREF on solvent extraction. 

 Solvent extraction applies to the dark water from the working solution reversion stage. 

Dedicated and closed system for collection of emissions  

 See the LVOC BREF on generic techniques to consider.  

Dedicated sewage 

 To have an independent drain header for collecting and treating or recovering frequent 

effluents from this section, such as sampling and equipment emptying. 

 

8.4.2.3 Techniques in xylene (BB3 units) 
 

The applicability of generic techniques used in the EU aromatic units of type BB3 are shown in 

Table 8.18. 

 
Table 8.18: Emission to water from BB3 units – application of techniques 

Source Recover /reuse Other 

Aqueous stream from process 

(washing solution, liquors 

discarded, etc.) 

W4  

Water from a dedicated 

neutralisation and F+B ions 

removal unit by caustic treatment 

W3 W7 
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8.4.2.4 Techniques for emissions from vacuum systems 
 

Water-free vacuum generation (see the CWW BREF)  

 See the vacuum systems in the LVOC BREF Generic Chapter. 

 Vacuum based on pumps will not generate an effluent. 

Liquid phase separation 

 See generic techniques to consider in the LVOC BREF. 

 

8.4.3 Techniques to reduce raw material consumption 
 

8.4.3.1 BB1 type of units 
 

In order to minimise hydrogen usage, some plant designs allow the recovery of hydrogen-rich 

vents as a feed to second stage hydrogenation or other usages. 

 

8.4.3.2 BB2 type of units 
 

The techniques used to increase aromatics recovery (reduce feedstock consumption) under 

normal operating conditions of an aromatics extraction unit are as follows. 

  

 Optimise the operating conditions (solvent ratio, temperatures, pressures in columns and 

internal recirculations) for the best compromise between energy consumption and 

aromatics recovery while assuring the required products quality. 

 Use control systems that allow regulating process conditions close to optimum 

operation (product recovery and energy consumption). Advanced Process Control 

Systems may be, in some cases, adequate for this purpose 

 Minimise variations in feedstock (quality and flow rate) to enable optimising the 

extraction section (energy and recovery). 

 

The solvent–BTX feed ratio is in the order of 2:1 to 6:1, depending on the nature of solvent. 

There are two main causes of solvent loss. 

 

 Losses of solvent in improper process streams: solvent losses during normal operation 

depend on how the final separation equipment on each cut is operated (e.g. the 

raffinate/water decantation at the top of the raffinate water wash column). 

 

 Degradation of solvent due to cracking at high temperatures or other degradation 

reactions. Other losses are due to the solvent degradation over time and they depend on 

the intrinsic stability of the solvent, the operating temperature conditions and the 

various kinds of solids entering the unit (accumulating in solvent).  

 

Measures taken are to use continuous regeneration systems including small slipstreams of 

solvents to minimise its consumption. Assure tightness of the equipment operated under vacuum 

conditions to prevent air ingress that would accelerate solvent degradation and its consumption. 

 

8.4.3.3 BB3 type of units 
 

p-Xylene adsorption with molecular sieves achieves high recovery per pass. 

 

8.4.3.4  BB4 type of units 
 

In HDA  units, the feed purification or fractionation reduces hydrogen usage. In TDP units, the 

toluene can be fractionated prior to feed into the TDP, in order to minimise hydrogen usage. 

 

8.4.4 Techniques to reduce energy consumption 
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Energy usage is an indirect source of combustion-related emissions to air. This chapter 

addresses techniques applied to reduce the energy demand. For techniques applied to the 

combustion processes, i.e. on the energy supply side, see the LCP BREF and the REF BREF. 

 

8.4.4.1 Plant design 
 
8.4.4.1.1 Upstream purification of feed 

 

Description 

This technique is based on operating a distillation column upstream of the aromatic extraction 

unit. 

 

Technical description 

The aromatic extraction processes consume large amounts of energy per feed. In order to save 

energy on the operation, it is relevant to remove all compounds (lighter or heavier) other than 

the BTX to be extracted. 

 

Achieved environmental benefits 

Lower emissions to air from combustion operations (i.e. those required to provide energy). 

 
8.4.4.1.2 Selective hydrogenation 

 

Description 

This technique is applied to pygas treatment and is based on using more active catalyst in milder 

conditions. 

 

Technical description 

The reaction of hydrogen with pygas at lower temperatures and pressures in a fixed bed of 

highly active catalyst. 

 

Achieved environmental benefits 

Lower emissions to air from combustion operations (i.e. those required to provide energy). 

 
8.4.4.1.3 Low temperature liquid-liquid extraction 

 

Description 

Liquid-liquid aromatic extraction at lower operating temperatures. 

 

Technical description 

Lower emissions to air from combustion operations (i.e. those required to provide energy). 

 

Achieved environmental benefits 

Lower generation of solvent sludge. 

 
8.4.4.1.4 Single extractive distillation column 

 

Description 

Extractive distillation process with a single column configuration. 

 

Technical description 

This design integrates the extractive distillation with the stripper (of the conventional design). 

The aromatics are removed on the vaporised feed by the solvent. Residual non-aromatics are 

stripped off by the aromatics. 

 

Achieved environmental benefits 

Lower energy usage (lower emissions from the combustion processes). 
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Reference literature 

ARSOL Aromatic GmbH in Gelsenkirchen. 

 
8.4.4.1.5 Distillation column with divided wall 

 

Description 

The separation of a three-component mixture into its pure fractions in conventional systems 

requires a sequential system with at least two columns or main columns with side columns. 

With a dividing wall column this task can be solved in only one apparatus. 

 

Achieved environmental benefits 

While results, of course, vary, a DWC can typically cut capital and energy costs by 

approximately 30 % compared to a traditional two-column system. 

 

Technical consideration relevant to applicability 

Configuration involving columns which are fully thermodynamically coupled. 

 

Economics 

20 % less investment costs; 35 % lower energy costs; 40 % less space requirements. 

 

Example plants 

Ruhr Oel refinery in Munchsmuster. 

 

8.4.4.2 Revamps and plant modifications 
 

Description 

Extractor feed point optimisation. 

 

Technical description  

For each distillation configuration, the number of trays, feed location, solvent feed location, 

solvent–feed ratio and solvent temperature are considered optimisation variables. A number of 

specifications are kept as constraints in order to achieve the optimal design structure in the 

studied configurations; these constraints represented by: 1) the recycled solvent purity is equal 

to 99.99 % molar concentration; 2) the amount of n-hexane and 1-hexene at non-aromatic 

stream never exceed 0.002 mol %; 3) and the total amount of benzene, toluene and xylenes 

entering the stripper column are recovered in aromatics stream 

 

8.4.4.3 Techniques to consider on energy recovery 
 
8.4.4.3.1 Recover heat from the toluene column top cut 

 

Description 

To use the heat from the toluene distillation column to supply as benzene reboiler heat. 

 

Technical description 

It is relatively common (with a pinch analysis or other process optimisation tools) to reuse heat 

in the distillation columns' top cuts. Aromatic extraction plants will normally have a distillation 

train downstream of the aromatic extraction. 

 

Achieved environmental benefits 

Lower emissions to air related to heat generation operations (furnaces, etc.) 

 

Environmental performance and operational data 

Reduction in steam consumption: 11 860 t/yr. 

 

Cross-media effects 
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Technical consideration relevant to applicability 

New plants or major retrofits 

 

Economics 

Investment JPY 10 million; payback time of 5 years. 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

ʻCollection of energy conservation cases 1977ʼ; Japan Chemical Industry Association. 

 
8.4.4.3.2 (A25) Recover heat from the o-xylene column top cut 

 

Description 

To use the heat from the o-xylene distillation column to operate a turbine. 

 

Technical description 

It is relatively common (with a pinch analysis or other process optimisation tools) to reuse heat 

in the distillation columns top cuts. Aromatic extraction plants will normally have a distillation 

train downstream of the aromatic extraction. 

 

Achieved environmental benefits 

Lower emissions to air related to heat generation operations (furnaces, etc.) 

 

Environmental performance and operational data 

Recovered power: 41 250 MWh/yr. 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

New plants or major retrofits 

 

Economics 

Investment of JPY 720 million; payback time of 1 year. 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

ʻEnergy saving journal (1983)ʼ; Japan Chemical Industry Association. 

 

8.4.4.4 Horizontal measures 
 

Heat integration within the unit : 

 

Distillation measures to reduce energy usage 

 See the LVOC BREF Generic Chapter. 

 

Energy savings in compressors 

 See the LVOC BREF Generic Chapter. 

 

Recovery of exothermic reaction heat 

 See the LVOC BREF Generic Chapter. 
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8.4.5 Techniques to reduce waste generation 
 

8.4.5.1 Techniques on spent catalyst 
 
8.4.5.1.1 Reduce catalyst poisoning/wear 

 

Description 

Group of measures taken to reduce catalyst degradation. 

 

Technical description 

There are at least three types of measures that reduce spent catalyst generation. 

a) Feed pretreatments to reduce impurities: such as sulphur, carbonyls, chloride, water, 

sulphuric compounds. Anti-corrosion treatment can be done upstream to avoid 

corrosion products acting as a ʻcatalystʼ to polymerisation reactions in the reactor. First 

stage hydrogenation and removal of heavy fraction, as well as C5s, can reduce the 

amount of fouling-forming compounds in the feed. 

b) Feed purification: the two distillation columns' correct configurations upstream of the 

first stage hydrogenation can dramatically reduce the possibility of water, gums and O2 

formation.  

c) Lower operating temperatures to avoid oligomer or gum formation. 

d) Other means: decanter and filters for first protection from water, gums and suspended 

solids from storage. Optimise the hydrogenated recycle to the first stage. Removal of 

water in the decanter from the depentaniser upstream of the reactor. 

 

Achieved environmental benefits 

Lower generation of waste. 

 
8.4.5.1.2 Catalyst selection 

 

Catalyst selection is determined by the feedstock depending on the required activity and the 

level and type of poisons expected and on the choice of metals. In the catalyst systems, 

optimisations can be done at particle size determination, preparation and start-up procedures. 

See the Generic Chapter in the LVOC BREF. 

 

Prior to any recovery steps, the spent catalyst can be: 

 pretreated first (and then precious metals recovered); 

 cleaned: processed further to recover the precious metals. 

 

Spent catalysts are typically processed by a reclaimer to separate the valuable metal for reuse 

from an inert support usually disposed of via landfill.  For further information on catalyst 

regeneration, see section 2.4.9.1.4. 

 

Spent hydrogenation catalyst is removed from the reactors periodically and is normally returned 

to the catalyst manufacturer or specialised companies for recovery of the precious metal 

contained on the catalyst (normally nickel or palladium). This has economic reasons and 

environmental benefits. Similar to the Gasoline Hydrotreater Unit, spent catalyst from the 

second stage hydrogenation step can be returned to the supplier for reclamation of the active 

metal before the catalyst support is sent to landfill.  

 

Typically, regeneration of the catalyst is done in situ (although some plants do ex situ 

regeneration). There are two methods applied for regeneration: 

  b1- first, a hot hydrogen strip (mild regeneration mainly intended to strip off temporary 

poisons); and  

 b2 - second, a steam-air regeneration (‘full’ regeneration intended to remove coke or 

other heavier hydrocarbons trapped in the catalyst pores. 

 

The inert catalyst support is sent to landfill. 
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8.4.5.2 Techniques on spent clay 
 
8.4.5.2.1 Feed selection  

 

Description 

The generation of spent clay depends essentially on the amount and nature of the feed used as 

the source of aromatics. 

 

Technical description 

 

Achieved environmental benefits 

Lower generation of waste. 

 

Environmental performance and operational data 

(Bromine index in feed.) Spent clay consumption depends largely on the bromine index of the 

feed. A typical reformate has a bromine index of 100, leading to a clay consumption of 1 tonne 

per 10 000 Mt feedstock.  

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Applicability is restricted due to availability of different feed supplies. 

 

[Note to TWG: Due to limitation on the applicability of this technique, EIPPCB suggest it may 

be better to combine it with feed treatment]. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 
8.4.5.2.2 Feed treatment 

 

Description 

Full hydrotreatment of the extraction feed could be an option to reduce clay solid wastes. 

 

Technical description 

The main factor impacting the generation of spent clay is the amount of olefins that remain in 

the extracted aromatic product. The extraction section is capable of removing most of the 

olefins present in its feed with the non-aromatics stream. However, when non-hydrotreated 

feeds are used (such as those coming directly from naphtha reformers), some traces of olefins 

remain in the extracted aromatics. Some of the heavy boilers formed inside the clay by the 

reaction of olefins with aromatics foul its structure, which after a certain time loses its 

efficiency. When fully hydrotreated aromatics cuts are used as feedstock to the extraction 

section, clay treaters are typically not used, but in cases where they may be available, they show 

very long operating cycles. 

 

Achieved environmental benefits 

Lower generation of spent clay 

 

Environmental performance and operational data 

 

Cross-media effects 
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Technical consideration relevant to applicability 

For feeds with reduced amounts of olefins, such as those coming from reformers, this is not 

economically justified and would generate other environmental issues (higher energy 

consumption, combustion gases, etc.) 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 
8.4.5.2.3 Material selection 

 

Description 

The technique that could reduce spent clay disposal is to use clays that have better fouling 

resistance and could provide longer cycles of operation. 

 

Technical description 

There are several providers of clays that generate materials with different surface and/or 

structural properties that would impact on cycle length. In each case, it is in the operational and 

environmental interests of each aromatic producer to use a clay that lasts as long as possible for 

its given conditions. One technique that has been proposed recently to replace clay treaters is the 

use of a synthetic solid that has the same function as the clay but that can be regenerated 

(Olgone process). 

 

Achieved environmental benefits 

Lower generation of waste. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

These materials are significantly more expensive than clays and are difficult to justify 

economically, since they require investments and would affect the competitiveness of the 

producer. However, they may be an option in some cases. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 
8.4.5.2.4 Cleaning 

 

[Request to TWG: Please provide more feedback from the TWG in this alternative to reduce 

spent clay waste generation] 

 

Use other cleaning technique (clay is outmoded for disposal problems). 

 Treat with hot nitrogen (200 °C).  

Organic removal 

 Subjected to further organics removal in a waste incinerator (to enable reuse). See the 

generic chapter of the LVOC BREF. 
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End-of-pipe/management 

 Typically processed via landfill or incinerated for disposal. 

 

8.4.5.3 Techniques on sludge 
 
8.4.5.3.1 Solvent selection and optimisation 

 

Description 

This is process selection at the design/construction stage; the solvent selection determines the 

rest of the plant design. 

 

Technical description 

The quantity of sludge generated in solvent regenerators depends mainly on the fouling 

tendency of the solvent and the quality of the operation and maintenance of the extraction unit. 

 

Achieved environmental benefits 

Lower generation of waste. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

New units. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 
8.4.5.3.2 Feed selection 

 

Description 

Aromatics feeds containing heavy boilers or oligomers would tend to foul the solvent more 

quickly and would generate more sludge. 

 

Technical description 

Control the quality of the feed upstream, avoiding gums, heavies or other impurities that might 

lead to solvent degradation and increase its consumption. 

 

Achieved environmental benefits 

Lower generation of waste. 

 
8.4.5.3.3 Tightness of the extraction section 

 

Description 

Part of the unit operates under vacuum and is submitted to moderate temperatures (150–200°C). 

Therefore, if the unit is not completely tight some air will escape into the process, which will 

contribute to the degradation of the solvent. In most cases, these degradation products of the 

solvent are acidic and generate corrosion and fouling in the unit. This, of course, will impact on 

the generation of solids and waste. 

 

Technical description 
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Integrity of the extraction unit, if the unit is corroded or operated beyond design values under 

conditions that generate erosion, additional solid waste could be generated. 

 

Achieved environmental benefits 

Lower generation of waste. 

 
8.4.5.3.4 Use of chemical additives 

 

Description 

Some units require the addition of antifoam (silicon oil) or anticorrosion (amines) chemical 

additives. If these additives are added in excessive quantities, they would accumulate in the 

solvent loop and generate extra quantities of solids. 

 

Technical description 

Optimising the load of these additives by any monitoring system can result in a trade-off 

between the two goals. 

 

Achieved environmental benefits 

Lower generation of waste. 

 
8.4.5.3.5 Selection of solvent regeneration systems 

 

Description 

Dedicated systems that purify solvent. Periodic regeneration of the extraction solvent produces a 

sludge that is collected and sent to a specialist contractor for incineration. 

 

Technical description 

Solvent regeneration is typically used in many aromatics complexes to remove a more 

concentrated stream of sludge from the process. This ensure high quality solvent and reduces 

solvent losses to the environment. There are various approaches to remove degraded products. 

 

a) Filtration: some units may have filters in the solvent loop instead of solvent 

regenerators. They are typically less effective than a regenerator and also imply the 

frequent removal of solids. 

b) Ion exchange.  

c) Vacuum distillation. 

d) Stripping: a regenerator is typically a vaporiser heat exchanger where a slipstream of 

the solvent circulation loop is vaporised typically under vacuum conditions at 

temperatures below 200 °C, recondensed and returned to the solvent loop. 

 

Achieved environmental benefits 

Lower generation of waste. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Some units that do not have regenerators and that work for some periods with poor quality 

solvents may not generate solids during normal operating conditions, but could have periods of 

degraded operation impacting on extraction capacity and/or energy consumption and/or solvent 

consumption (batch replacement of larger quantities of solvent from the solvent loop). This is 

however an economical and strategic choice of the producer. 

 

Economics 

 

Driving force for implementation 
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Example plants 

 

Reference literature 

 
8.4.5.3.6 Incineration chambers 

 

See the CWW BREF. 

 

Oil-contaminated materials and oily sludge (from solvents, biotreatment and water filtration) are 

incinerated under carefully controlled conditions, with associated heat recovery. 

 

There is a certain amount of solid waste and some sludge produced during the cleaning of some 

equipment in maintenance operations (e.g. ʻgumsʼ from unsaturated cuts, filter cartridges). The 

amounts may be generally negligible, episodic and not easily related to the process conditions. 

These materials are typically sent to incineration. 

 
8.4.5.3.7 Heat recovery 

 

Sludge / solid polymerisation material - recovered from process equipment during maintenance 

activities, typically incinerated off site but can be used on site as a fuel source.  

 

8.4.5.4 Techniques on sulphur 
 

Even if included within the aromatics plant, the solid sulphur production in a Claus unit is not 

normally part of the aromatics plant. The vents or stream that may contain sulphuric compounds 

are channelled to other installations/units that already have units to recover sulphur, like 

crackers or refineries. 

 

See the emissions to air section in this chapter. 

 

8.4.5.5 Techniques on tars or high boilers 
 

In the majority of aromatic units, there is fractionation equipment, such as distillation columns. 

Some of the distillation columns may have a low cut with a continuous stream of high boilers 

(distillation heavy cut, tar, residues, oligomers, pyrolysis oil, etc.)    

 

The amount of this material ranges from 5 kg to 100 kg per tonne product. 

 
8.4.5.5.1 Feedstock recovery (by distillation or cracking) 

 

See the generic techniques to consider section in the LVOC BREF. Send this stream to other 

allocated upstream processes: e.g. steam crackers, FCC, etc. 

 
8.4.5.5.2 Recovery of energy from process streams 

 

See the generic techniques to consider section in the LVOC BREF. Send this stream to the 

furnace if sulphuric and nitrogen compounds meet appropriate limits. 

 
8.4.5.5.3 Low temperature hydrogenation to avoid gums and oligomer formation 

 

Description 

To operate hydrogenation at milder temperatures. 

 

Technical description 

Oligomer formation increases with temperature and residence time. 

 

Achieved environmental benefits 

Lower waste generation and lower spent catalyst generation. 
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8.4.5.5.4 Catalyst regeneration ex situ 

 

 To recover valuable materials; 

 See the LVOC BREF Generic chapter. 

 

Where recovery is not possible, disposal will be by landfill or incineration. Sometimes 

hazardous waste incineration is required. 

 

8.4.6 Techniques to consider reducing other than normal operations 
 

8.4.6.1 Generic measures for other than normal operations 
 

Other than normal operating conditions may generate increased, or different, emissions (types 

and values). The measures that are mentioned below are used by operators to reduce the 

frequency of occurrence and/or the impact of these events. The generic techniques to consider 

section in this BREF contains a full description of these techniques. 

 

Measures that are commonly taken to reduce the occurrence and impact of the other than normal 

operations in the aromatic plants are as below. 

 

On unplanned events, the measures can be categorised in these four groups: 

 

 corrosion avoidance best practices, 

 reliability programmes, 

 redundant vent systems, 

 safety risk assessment.  

 

• minimise PSV discharges, 

• corrosion measurements to prevent loss of containment, 

• continuous preventive maintenance, 

• continuous inspection programme, 

• safety valves discharge to flare network, 

• depressurising to intermediate storage , 

• install high integrity ‘heat-off’ systems. 

 

On planned events (start-ups, shutdowns, etc.), many of the measures provided by the operators 

fall inside the generic technique that also addresses diffuse emissions ‘Prevention techniques for 

diffuse emissions of VOCs’: 

 

• minimise PSV discharges; 

• use of closed piping systems for draining and venting; 

• use of canned pumps or magnetically driven pumps; 

• use of double seal and benzene drain pumps (when carcinogenic fluid is used); 

• use of high integrity packing materials in valves; 

• corrosion measurements to prevent loss of containment; 

• continuous preventive maintenance; 

• continuous inspection programme; 

• use of closed loop sample systems;  

• use of storage tanks with internal floating covers or double seals;  

• use of vapour recovery based absorption for tank breathing; 

• implement a LDAR programme to minimise fugitive emissions; 

• monitor cooling water systems to detect HC leaks; 

• feedstock quality analysis; 

• catalyst selection; 

• continuous training of operators; 

• safety valves discharge to flare network; 

• install high integrity ‘heat-off’ systems. 
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Other measures that are taken to minimise the occurrence of other than normal operations and 

their impact can be found in the LVOC BREF generic chapter. 

 

8.4.6.2 Specific measures for other operating conditions 
 

Certain specific events (other than normal operating conditions) that occur in aromatic plants 

have specific measures to reduce the frequency of occurrence and impact on the environment. 

These specific measures are described below. 

 

8.4.6.3 Catalyst regeneration system selection 
 

Many operators subcontract this operation to the catalyst provider or another service provider. 

Some operators will perform certain steps or even all of the catalyst regeneration in situ. 

 
8.4.6.3.1 Process optimisation 

 

Feed treatment, feed selection and process optimisation to avoid coke formation. Coke 

formation should be minimised by operating conditions control. 

 
8.4.6.3.2 Catalyst regeneration off site 

 

See the generic chapter of the LVOC BREF. Selecting an ex situ regeneration will avoid 

emissions to air from this operation at the installation. In these cases, the replacement step can 

be done with the use of filters and vacuum devices to abate/collect the dust generated. 

 
8.4.6.3.3 Decoking drum 

 

The most common way to treat in situ regeneration gas in hydrogenation processes is currently 

to apply a decoking drum. This decoking drum is basically a drum in which the gas is simply 

washed with water before being released into the atmosphere.  

 

This washing appears to not be totally efficient and pollutants are consequently released both 

into the atmosphere and in the waste water. The following tables summarise the effluents from 

each step of catalyst regeneration for each type of process. 

 
Table 8.19: Gaseous effluents during catalyst regeneration in selective hydrogenation 

 Heating Stripping Preoxidation Burning Cooling 1 Cooling 2 

Gas 

components 
N2 Steam Steam + air Steam + air Steam N2 

Pollutants 
HC and 

H2O 
HC 

CO2, HC and 

impurities (
1
) 

CO2 HC, and 

impurities (
1
) 

air, 

impurities 

(
1
) 

 

Route Flare (
2
) Flare (

2
) 

Atmosphere 

via decoking 

drum (
2
) 

Atmosphere 

via decoking 

drum (
2
) 

Atmosphere 

via 

decoking 

drum (
2
) 

Flare (
2
) 

(
1
) Impurities correspond to arsenic, mercury and other compounds present in trace amounts in raw materials and 

which are trapped on the catalyst. 

(
2
) These are the usual destinations but some units can have a special collecting drum. 

 

d) Channelling of vent gases 

 

Description 

Design, build and operate a catalyst regeneration system that provides appropriate treatment to 

the vents from regeneration operation, i.e. which does not send the vents from catalyst 

regeneration operations to air or flare. 
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Pygas catalyst regeneration: during catalyst regeneration, waste vapour is sent to the 

atmosphere. These vapours contain coke, VOCs and carbon monoxide in trace amounts and 

carbon dioxide. Before being released to the atmosphere, this gas should be treated. For 

example, it could go first through a boiler to burn carbon monoxide and VOCs, and then 

through a dust-removing apparatus, such as an electrostatic separator or a cyclone separator. 

 

Technical description 

This utilities stream can be applied to the reactor (fixed catalyst bed) once the normal operation 

has been shut down and the plant alignment (valves, pipes, etc.) has been prepared for 

regeneration mode.  

 

VOCs in the regeneration vent streams can be condensed. Liquids generated (condensers or 

similar) are sent to a nearby sewage or recovery step. 

 

The net gas stream is routed to a PSA, furnace or any other end-of-pipe device so that materials 

or energy are recovered. 

 

A scrubber removes pollutants from air to water, which still need to be cleaned. 

 

Achieved environmental benefits 

Lower emissions to air and water are generated. 

 

See the generic chapter of the LVOC BREF.  

 
8.4.6.3.4 Channel the hydrogenation start-up downstream line 

 

Some installations send the hydrogenation reaction vent to atmosphere during start-up. 

 

Description 

To channel the reactor downstream, pipe to (other than atmosphere or flare) a vent abatement 

device. 

 

Technical description 

Heat recovery will be achieved if this stream is sent to the fuel header. (Assuming normal 

operating procedures include blanketing equipment prior to start up and no oxygen will be 

present). 

 

Achieved environmental benefits 

Reduction of VOC emissions to air. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Generally applicable. 

 

Economics 

Opportunities for minor fuel savings. 

 

Driving force for implementation 

Lower environmental impact. 

 

Example plants 

 

Reference literature 
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8.5 Emerging techniques 
 

[Note to TWG: the EIPPCB has developed some contents for the emerging techniques sections 

of the BREF. Neither the data collection questionnaires nor TWG members' spontaneous 

comments have provided sufficient information for the current BREF review on this topic. 

Therefore, TWG members are invited to complete the information collected by the EIPPCB: 

 The contents are presented in a tabular format in accordance with the BREF guidelines 

((2012/119/EU) 

 In some cases the technique has been identified as emerging but there is a lack of 

information to complete the fields to describe it] 

 

8.5.1 Ion Liquid for Aromatic extraction 
 

For information on this technique, please refer to the REF BREF.  

 

[Request to TWG: please provide further information on this topic.] 

 

8.5.2 Membranes for recovery of solvents 
 

For information on this technique, please refer to the REF BREF.  

 

[Request to TWG: please provide further information on this topic.] 

  

8.5.3 Light alkane dehydrogenation technologies 
 

Description 

Dehydrogenation reaction followed by purification stage - 40% conversion - 90% selectivity 

 

Commercially developed 

Catofin; Oleflex, star; BASF’s autothermal dehydrogenation 

 

Level of environmental protection 

 

Cost savings compared to existing BAT 

Adiabatic fixed bed reactor 

Internal heat production by H2 combustion 

No external heating necessary 

Low inlet temperature 

No vacuum requirement 

 

Chance of becoming BAT in the future 

 

When it might become commercially available 

 

References 

“New raw material sources in the chemical industry”; BASF; Lippert; October 2009 

 

8.5.4 Benzene from methane 
 

Description 

Methane decomposes in H2 and benzene in a fix bed reactor or in a fluidised bed one. 

Catalyst:  

 Mo carbide: Dehydrogenation and C1 Coupling 

 Acidic Zeolite: Oligomerisation/Aromatisation 

 

Commercially developed 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 8 

SH/TS/EIPPCB/LVOC Draft 1 April 2014 379 

Level of environmental protection 

 

Cost savings compared to existing BAT 

 

Chance of becoming BAT in the future 

 

When it might become commercially available 

 

References 

“New raw material sources in the chemical industry”; BASF; Lippert; October 2009 

 

8.5.5 Bio-routes to p-Xylene 
 

[Request to TWG: please provide further information on this topic.] 
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9 ACRYLONITRILE  
 

[Request to TWG: Data collection has not been done on this chapter. Therefore the current 

BREF has simply been reworked into the new BREF format. The information presented here is 

that contained in the current BREF, reformatted to match the presentation of the other 

illustrative chapters. TWG members are asked to consider whether this chapter should be 

replaced by a thumbnail description in Section 3.2.] 

 

9.1 General information 
 

[Note to TWG: Please check the production capacity information and the detailed list of 

production sites set out in Table 9.1 and provide updates and corrections where appropriate.] 

 

Acrylonitrile (C3H3N) is produced by the catalytic ammoxidation of propylene using an excess 

of ammonia. The reaction is carried out in the vapour phase in an air-fluidised catalyst bed. 

 

Acrylonitrile is used principally as a monomer to prepare polyacrylonitrile, or several important 

copolymers, such as styrene acrylonitrile, acrylonitrile butadiene styrene (ABS). Dimerisation 

of acrylonitrile produces adiponitrile, which is used in the synthesis of certain polyamides. 

Acrylonitrile is also a precursor in the industrial manufacture of acrylamide and acrylic acid. 

 

In 20YY, the production capacity of acrylonitrile in Europe was ## million tonnes, which was 

XX % of global capacity. European production of acrylonitrile is summarised in Table 9.1 

below. 

 
Table 9.1: European producers of acrylonitrile 

Country City Operator Capacity 

Bulgaria Burgas Lukoil
*
 28 

Germany  Worringen/Cologne Ineos 280+70 

Italy Gela Enichem 
*
 105 

Assemini Enichem 
*
 85 

Netherlands Geleen DSM 275 

Spain  Tarragona Repsol
*
 125 

UK Seal Sands Ineos 300 

*: Closed. 

 

Like most commodity chemicals, the price of the feedstocks for acrylonitrile production is a 

dominant element in the overall costs and accounts for most of the variable costs.  

 

[Note to TWG: If this is to remain as an illustrative chapter in the BREF further information on 

this aspect will need to be included.] 

 

Key Environmental Issues 

 

The key environmental issues for the production of acrylonitrile are: 

 

[Note to TWG: If this is to remain as an illustrative chapter in the BREF a new summary will be 

written.] 
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9.2 Applied processes and techniques 
 

9.2.1 Process options 
 

Acrylonitrile is produced by the catalytic ammoxidation of propylene using an excess of 

ammonia. 

 

The BP/SOHIO process accounts for 95 % of worldwide acrylonitrile capacity and is used in all 

EU plants. The process is a vapour phase exothermic ammoxidation of propylene using excess 

ammonia in the presence of an air-fluidised catalyst bed. The catalyst is a mixture of heavy 

metal oxides (mainly molybdenum, bismuth, iron, antimony and tellurium) on silica. The 

process can use other catalysts based on depleted uranium, but these are not used in western 

Europe. 

 

An existing fixed bed catalyst system is no longer in use in the EU and is, in any event, less 

efficient than the BP/SOHIO process. Older processes for acrylonitrile manufacture (e.g. 

dehydration of ethylene oxide cyanohydrin or addition of hydrogen cyanide to acetylene) are no 

longer of economic importance. 

 

9.2.2 BP/SOHIO process 
 

Several secondary reactions take place and, in addition to acrylonitrile, the BP/SOHIO process 

has three main co-products, namely: 

 

 hydrogen cyanide, which is either transformed into other products on site; sold as a 

product (if a use is available); disposed of by incineration; or a combination of all three; 

 acetonitrile, which is purified and sold as a product, and/or disposed of by incineration;  

 ammonium sulphate, which is either recovered as a product (e.g. as a fertiliser), or 

destroyed elsewhere on site. 

 

The main steps of the BP/SOHIO process are described below and shown schematically in 

Figure 9.1. 

 

 

Figure 9.1: Process flow diagram for acrylonitrile production 
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9.2.2.1 Raw materials 
 

On chemical complexes with a steam cracker and ammonia plant, the propylene and ammonia 

may be supplied directly to the acrylonitrile plant by pipeline. Other raw materials are supplied 

by a combination of pipeline, rail or sea transportation. Propylene and ammonia raw materials 

are usually stored on site at atmospheric pressure (in refrigerated tanks) or under pressure (at 

ambient temperature). Sulphuric acid is stored in atmospheric storage tanks. Air is used as the 

oxygen source for the reaction, although some plants supplement this with pure oxygen. 

 

A number of auxiliary chemicals are used within the process, and these may include: 

 

 sulphuric acid (for neutralisation of unreacted ammonia) 

 catalyst (heavy metal oxides such as Mo, Bi, Fe, Sb, or Te on silica) 

 hydroquinone (as an in-process acrylonitrile stabiliser) 

 monomethyl ether of hydroquinone (as an acrylonitrile product stabiliser) 

 acetic acid (for in-process pH control, and hydrogen cyanide stabilisation) 

 soda ash (for in-process pH control) 

 sulphur dioxide (hydrogen cyanide stabiliser) 

 phosphoric acid (hydrogen cyanide stabiliser). 

 

9.2.2.2 Reaction 
 

Propylene is reacted with slight excesses of oxygen and ammonia in a fluidised bed reactor. The 

catalyst is typically bismuth-molybdenum-based but other commercially available catalysts are 

given in Table 9.2. The conversion to acrylonitrile requires operating temperatures of 400–500 

ºC, pressures of 150–250 kPa and a residence time of a few seconds. The conversion rate inside 

the reactor is high, and so recycling is not necessary. By reducing the quantity of by-products 

that have to be recovered or removed, the efficiency of acrylonitrile catalysts has increased to 

over 75 % selectivity. 

 

Large quantities of hydrogen cyanide and acetonitrile by-products are formed in the reactor, as 

are smaller quantities of acrolein, acetic acid, acrylic acid, propionitrile, and methacrylonitrile. 

The reaction also produces a large volume of ‘water of reaction’ – in total about 1.5 tonnes per 

tonne of acrylonitrile, of which about 1 tonne comes from the main reaction and about 0.5 

tonnes from side reactions. 

 

The reactor off-gas contains carbon oxides (from the total oxidation of propylene) and propane 

(due to impurities in the propylene feed). Some catalyst fines are entrained with the reaction gas 

and are returned to the reactor after capture by cyclones (either inside or outside the reactor). A 

specially formulated make-up catalyst is regularly added to acrylonitrile reactors to maintain the 

activity and selectivity of the catalyst, and to replace lost catalyst fines. 

 

9.2.2.3 Quench system 
 

The reactor off-gas must be quenched to the condensation temperature and the excess ammonia 

removed. Due to the presence of impurities, it is impossible to recycle the ammonia and it must 

be removed with sulphuric acid. The two alternatives for the quench system are: 

 

 quench and acid treatment in one step (‘acidic quench’); 

 quench and acid treatment in two separate steps (‘basic quench’). 

 

In the ‘acidic quench’, reactor off-gas is contacted with a circulating solution of sulphuric acid 

and ammonium sulphate in water. Fresh sulphuric acid is added to keep the system acidic and to 

avoid ammonia breakthrough. Water or, preferably, recycle streams from the plant are added to 

balance the evaporative losses incurred by quenching hot reactor off-gas. The catalyst is also 

removed in the quench flow and becomes entrained in the ammonium sulphate liquor thus 
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necessitating a purge to avoid over-saturation of ammonium sulphate in the circulating solution. 

The catalyst is removed from the purge by settling or/and filtration and the ammonium sulphate 

is recovered by crystallisation to produce a saleable by-product. The crystallisation stage 

generates a waste liquor stream that contains some ammonium sulphate, organics and possibly 

catalyst fines. 

 

Advantages 

 Higher recovery efficiency of acrylonitrile due to low pH 

 Lower polymer production in the quench section 

 Opportunity to reuse waste water streams 

 

Disadvantage 

 Additional energy consumption for crystallisation unit 

 

In the ‘basic quench’, the two steps can be either carried out in a single vessel with two stages, 

or in two separate vessels. In the first step, reactor off-gas is quenched with water. Water losses 

are made up by adding fresh water or recycling plant waste water streams. Only the catalyst 

fines are removed from the reactor off-gas. The addition of water causes the formation of high-

boiling organic compounds (by the process of oligomerisation) and ammonium salts (by the 

neutralisation of ammonia with organic acids). These must be purged from the system and this 

produces a waste stream containing ammonium salts, organic acids and organic polymers. 

In the second step the gas is treated isothermally with sulphuric acid to remove excess ammonia. 

Fresh acid has to be added to maintain the acidity, but no additional water is required. 

 

Advantages 

 Removal of catalyst fines and ammonia separately 

 Only a small waste stream containing ammonium sulphate is produced 

 

Disadvantages 

 Lower recovery of acrylonitrile due to high pH in the quench 

 Higher polymer production in the quench 

 

9.2.2.4 Ammonium sulphate unit 
 

The ammonium sulphate may be treated by crystallisation to form a saleable product. Some 

processes incorporate the crystallisation step in the quench section of the main process; others 

remove the ammonium sulphate solution and produce the crystal product in a separate unit. The 

effluent streams from the crystallisation process are either treated biologically, physically, 

chemically or incinerated in appropriate central facilities. 

 

9.2.2.5 Recovery section 
 

After ammonia removal in the quench, organics are normally removed from the reactor off-

gases by scrubbing with chilled water. The vent gases from the scrubber contain mainly 

nitrogen (originating from the air feed to the reactor), carbon oxides, propane, unreacted 

propylene and oxygen, and minor amounts of acrylonitrile, hydrogen cyanide and other 

organics. Depending on the plant configuration other impurities may exit the process by this 

route. 

 

The scrubber liquor is passed to an extractive distillation column (recovery column) where the 

acrylonitrile and hydrogen cyanide products are separated in the overheads from the acetonitrile. 

The acetonitrile is preferentially refined for sale as a product, but it may be stripped in a further 

column and incinerated (with energy recovery). The acetonitrile may also pass (as an aqueous 

solution) from a side-stream of the recovery column to the scrubber where it is stripped by the 

off-gas. The recovery column bottoms contain high-boiling organic compounds (for 

incineration) and some ammonium and/or sodium salts of organic acids (for waste water 

treatment). 
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9.2.2.6 Purification  
 

The overheads from the recovery column, containing acrylonitrile, hydrogen cyanide and a 

small amount of water, are distilled to produce acrylonitrile and hydrogen cyanide products. In 

some plant designs, the ‘heads column’ (to refine the hydrogen cyanide) and the ‘drying 

column’ (to remove the water) are combined to reduce energy consumption. 

 

The hydrogen cyanide may be incinerated, or transformed into other products on site, or sold (if 

a market is available). If stored, it has to be maintained at a low temperature and kept acidic, by 

the addition of acetic acid, phosphoric acid, sulphuric acid and sulphur dioxide, to prevent 

polymerisation. Due to the reactive and toxic nature of hydrogen cyanide it is not stored for 

longer than a few days. If the material cannot be sold or used, then it is burnt. All sites must 

therefore have the capability to destroy all of the hydrogen cyanide produced. 

 

The hydrogen cyanide by-product may be further reacted in separate installations (outside the 

scope of this process) to produce [InfoMil, 2000 #83]: 

 

 sodium cyanide (NaCN) by reaction with caustic soda solution, 

 acetone cyanohydrin (ACH) with acetone, 

 benzaldehyde cyanohydrin (BCH) with benzaldehyde, 

 1,4-diamino butane (DAB) with acrylonitrile and hydrogen, 

 pyrrolidine (PRD) as a by-product of DAB. 

 

The final step is the purification of the acrylonitrile that is taken as a side-stream from the 

acrylonitrile column. The bottom of the acrylonitrile column contains some high boiling-point 

nitriles that have to be purged from the purification section of the plant. In order to protect 

against possible polymerisation reactions during the storage of acrylonitrile, small quantities of 

inhibitors, such as MEHQ (monomethyl ether of hydroquinone), are added. 

 

The drying column and the acrylonitrile column may be operated at low pressure to decrease the 

distillation temperature and to reduce acrylonitrile polymer formation. 

 

9.2.2.7 Energy aspects 
 

The ammoxidation of propylene to acrylonitrile is an exothermic reaction. If the core plant 

(reactor area, quench area, recovery, purification) is considered a black box receiving enthalpy 

(boiler feed water, steam, electricity) and delivering enthalpy (steam, condensates), then the 

balance is positive (i.e. the core plant is able to export energy). The net enthalpy excess of an 

acrylonitrile core plant is in the range of 340–5700 MJ/t acrylonitrile. The reaction heat is used 

to produce steam for uses such as covering the heat needs of the acrylonitrile process; driving 

the reaction air compressor (via a turbine); and exporting high or low pressure steam to the site. 

 

After scrubbing, the off-gas is thermally oxidised with energy recovery. Heat is also recovered 

from the stripped scrubbing water to preheat the recovery column feed and vaporise ammonia 

and propylene. Latent heat of vaporisation of propylene and ammonia is recovered to chill the 

scrubbing water. 

 

9.2.3 Other than normal operating conditions 
 

[Note to TWG: If this is to remain as an illustrative chapter in the BREF further information on 

this aspect will need to be included.] 

  

9.2.4 Equipment important for environmental protection 
 

[Note to TWG: If this is to remain as an illustrative chapter in the BREF further information on 

this aspect will need to be included.] 
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9.3 Current emission and consumption levels 
 

Performance data are provided here on raw material and energy consumption, and on levels of 

gaseous and liquid effluents, co-products and wastes produced during normal operation of an 

acrylonitrile plant. Plant effluent streams are quantified, both before and after treatment. 

Streams before treatment are referred to as ‘effluent streams’ and the term ‘emissions’ describes 

streams that are (finally) discharged to the environment. 

 

The consumption of raw materials and energy in the acrylonitrile process can be influenced by 

factors such as catalyst selection, production rate and recovery plant configuration [CEFIC, 

2000 #107]. 

 

Catalyst selectivity: The stoichiometric equations for propylene ammoxidation and the main 

competing side reactions are as follows: 

 

Reaction formula Energy (ΔH) 

Acrylonitrile formation C3H6 + NH3 + 1.5O2 → CH2=CHCN + 3H2O -515 kJ/mol C3H6 

HCN formation C3H6 + 3NH3 + 3O2 → 3HCN + 6H2O -942 kJ/mol C3H6 

Acetonitrile formation C3H6 + 1.5NH3 + 1.5O2 → 1.5CH3CN + 3H2O -545 kJ/mol C3H6 

CO formation C3H6 + 3O2 → 3CO + 3H2O -1078 kJ/mol C3H6 

CO2 formation C3H6 + 4.5O2 → 3CO2 + 3H2O -1926 kJ/mol C3H6 

 

Although acrylonitrile is the principal product, hydrogen cyanide and acetonitrile are valuable 

co-products to some producers. The unwanted water and carbon oxide by-products are produced 

by the oxidation of propylene, acrylonitrile and associated by-products. 

 

Acrylonitrile yield, expressed as the number of moles of acrylonitrile produced per mol of 

propylene consumed, is a measure of reactor performance and it shows how efficiently and 

selectively the catalyst converts propylene to acrylonitrile. Some loss in selectivity to 

acrylonitrile may be offset by credits for co-products (HCN, acetonitrile), depending on their 

value to individual producers. 

 

Propylene costs dominate the production cost of acrylonitrile, accounting for about 60 % of 

these costs. Ammonia costs typically represent approximately 15 % of production costs. The 

commodity-based nature of the business and the resulting sensitivity of the process economics 

to propylene prices emphasise the importance of catalyst selectivity to valued products. 

 

Catalyst developments have enabled the acrylonitrile yield to improve from approximately  

.62 % to 77–80 % since the introduction of the SOHIO process in 1960. This has been achieved 

through a combination of improved catalyst formulations, better catalyst manufacturing 

procedures and the use of promoters and moderators. Table 9.2 gives the reaction yields 

(excluding the losses in the separation step) from commercially available catalysts. 

 
Table 9.2:  Reaction yields from acrylonitrile catalysts  

Catalyst composition Acrylonitrile yield (%)* 

Bismuth phosphomolybdate 62 

Uranium antimonate (C-21) 68 

Promoted bismuth molybdate (C-41) 70–72 

Promoted bismuth molybdate (C-49) 73–75 

Iron tellurium antimonate (NS733B/C/D) 72–77 

Uranium iron antimonate (MAC-3) 75–77 

Multi-component bismuth molybdate (C-49MC) 77–80 
*Estimates only as producers regard actual catalyst performance data as commercially confidential. 

Source: [CEFIC, 2000 #107] 
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Influence of production rate: The kinetic distribution of reaction products is dependent on a 

number of factors (e.g. feed ratios, catalyst loading, temperature and pressure). The selectivity 

to acrylonitrile is adversely affected by increases in pressure and catalyst loading (i.e. 

acrylonitrile formation is less efficient at higher production rates). 

 

Influence of recovery plant configuration: The use of raw material and energy are also 

affected by the efficiency of the product recovery and purification stages. This is a function of 

each individual plant’s configuration. 

 

9.3.1 Emissions to air 
 

The gaseous vent streams arising from the core plant are shown in Figure 9.5. In many cases the 

vent stream will be flared, oxidised (thermally or catalytically), or sent to a boiler or power plant 

(either attached to the core plant or a central site facility). This is often combined with other 

streams, making it difficult to establish the actual contribution of a specific effluent stream to 

the overall emission, but by convention the combustion efficiency is assumed to be 100 %. 

 

9.3.1.1 Absorber vent 
 

The absorbers on the reactor off-gases (after ammonia removal) have an overhead stream that 

contains mainly nitrogen, unreacted propylene, propane (impurity in the feed propylene), CO, 

CO2, argon and small amounts of reaction products. The stream is normally saturated with 

water. The VOC (propane) levels depend upon the propylene feed purity but normally the 

effluent stream prior to treatment contains pollutants in the ranges shown in Table 9.4. 

 

There is one European plant that currently vents this stream directly to atmosphere but this 

situation is being addressed by the installation of an oxidation facility. All other European plants 

already subject the stream to thermal or catalytic oxidation, either in a dedicated unit or in a 

central site facility, to give the emission ranges also shown in Table 9.3 

 

 
Table 9.3:  European absorber vent concentration ranges before and after treatment  

Parameter (all values 

as kg/t acrylonitrile) 

Pre-treatment 

(raw absorber vent stream) 

Post-treatment 

(after oxidation) 

CEFIC data EC data CEFIC data EC data 

VOC 15–80 

Exceptionally 

130(
a
) 

(
f
) 0 (

b
) (

g
) 

CO 50–100  0 (
b
) 0 

CO2 70–500  190–730 (900)(
a
)  

NOX 0.03–0.04  0.5(
c
)–2.0(

d
)  

Ammonia  0.1–0.3  0.1–0.3 

Hydrocyanic acid  0.5–1.5  0.2–0.3 

Hydrogen  0.5–1.0  0–0.8 
a. When acetonitrile is rejected from the process via the absorber vent stream. 

b. Assigned a value of 0 by convention for treatment by oxidation. 

c. When the absorber vent stream is destroyed in a central facility, separate numbers are not available. The analysis 

is further complicated as this stream is often destroyed in combination with other streams. 

d. This range includes two typical configurations: dedicated acrylonitrile off-gas thermal oxidiser, or multi-purpose 

incinerator also burning other liquid effluent streams. The lowest figure corresponds to a two-step combustion 

system intended to reduce the NOX emissions. 

e. The range excludes the European plant without vent treatment. 

f. VOC components before treatment are (in kg/t acrylonitrile): acetonitrile (1–7), acrolein (0.1–0.3), 

acrylonitrile (0.2–3.0), ethene (5–9), propane (50–70) and propene (25–40) [EC VOC Task Force, 1990 

#116].g. VOC components after treatment are (in kg/t acrylonitrile): acetonitrile (0–1.8), acrolein (0), acrylonitrile 

(0.2–0.7), ethene (0–3.8), propane (0–30) and propene (0–15) [EC VOC Task Force, 1990 #116]. 

Source:[CEFIC, 2000 #107] [EC VOC Task Force, 1990 #116] 
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9.3.1.2 Miscellaneous process vents 
 

There are a number of miscellaneous vents within the core plant (e.g. from distillation columns 

and tank vents) which are treated by flares, thermal oxidation and water scrubbing. The 

oxidation techniques will have no VOC emissions to atmosphere but there will be combustion 

gases. Scrubbing techniques will reduce the acrylonitrile emissions to less than 20 mg/m
3
.  

 

A Dutch acrylonitrile plant in 1992 was reported [EEA, 1999 #118] to have a VOC emission of 

0.44 kg/tonne of acrylonitrile production (at a production rate of 166 kt/yr). The VOC emissions 

were attributed to leakages from appendages/pumps (62 %), flaring/disruptions (35 %), storage 

and handling (2 %), combustion (0.1 %) and other process emissions (1 %). The overall VOC 

emission profile was methane (1 %), ethylene (3 %), acrylonitrile (18 %), HCFCs (1 %) and 

other hydrocarbons (77 %). 

 

Acrylonitrile is emitted from crude acrylonitrile storage tanks, acrylonitrile run tanks, product 

storage tanks, and during loading into railroad tank cars and barges. The use of internal floating 

screens may be used in place of fixed roof tanks to reduce acrylonitrile emissions by up to 95 % 

and water scrubbers have removal efficiencies of up to 99 % (see Table 9.4). 

 
Table 9.4: Emissions from acrylonitrile storage and handling  

 

Emission factor from storage vents (g/t product) 

Pre-treatment 
Post-treatment  

(water scrubber) 

Storage (crude acrylonitrile) (
1
) 48 0.5 

Storage (acrylonitrile run-down 

tanks) (
1
)  

128 1.3 

Storage (acrylonitrile) (
1
)  531 5.3 

Handling (tank car loading)  167 1.7 

Handling (barge loading)  150 1.5 

(
1
) Fixed roof tanks, half-full, 27 ºC 

Source: [Rentz, 1999 #114] 
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An example of performance data is given in Table 9.5 

 
Table 9.5: 1999 air emissions from an acrylonitrile plant in the Netherlands  

Source  Emission type Pollutant Emission/generation factor 

(kg/t acrylonitrile product) 

Absorbers (prior to 

incinerator) 

 Acetonitrile 

Propane 

Propene 

CO 

CO2 

Acrylonitrile 

HCN 

49 * 

54 * 

24 * 

67 * 

194 * 

1.30 * 

4.22 * 

Start-up heater Combustion CO 

NOX 

VOC 

Discontinuous 

Negligible emission factor 

Negligible emission factor 

Outlet flares (99 % 

efficiency) 

Point sources Acrylonitrile 

HCN 

SO2 

C3H6/C4H8 

NOX 

0.008 

0.015 

0.038 

0.0005 

1.08 

Off-gas scrubbers Point sources Acrylonitrile 

HCN 

0.004 

0.019 

Acrylonitrile plant, tank 

yard, (un)loading 

Fugitive Acrylonitrile 

HCN 

VOC total 

NH3 

0.038 

0.002 

0.022 

0.003 
* This is an effluent load, not an emission factor as the waste gas stream is prior to treatment. 

Source: [InfoMil, 2000 #83] 

 

 

9.3.2 Emissions to water 
 

The aqueous streams arising from the core plant are shown in Figure 9.5. As with the gaseous 

streams, it is difficult to quantify contributions to the central biological treatment facility. Every 

plant assigns the various streams to treatment techniques in different proportions but the 

European range for Total Carbon Flow from acrylonitrile plants is estimated at 0.4–1.0 kg/t 

acrylonitrile [CEFIC, 2000 #107]. 

 

9.3.2.1 Quench section 
 

The reaction generates water, which is purged in the form of a stripped effluent. The quench 

effluent stream(s) contain a combination of ammonium sulphate and a range of generally high-

boiling organic compounds in an aqueous solution. In most cases the ammonium sulphate is 

recovered as a crystal co-product or is treated to produce sulphuric acid. The remaining stream 

containing heavy components can be treated to remove sulphur and is then incinerated or 

biotreated. 

 

The stream containing the light components is biotreated or recycled to the acrylonitrile plant 

for rework. Table 9.6 gives the effluent data before and after treatment. 
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Table 9.6: European ranges for quench effluent before and after treatment  

 
Pre-treatment 

(raw quench effluent) 

Post-treatment* 

(final emission) 

Effluent (combined 

streams)  
Units Range Range 

Total flow  kg/t acrylonitrile  350–900 - 

Ammonium sulphate  wt %  15–37 - 

Total Carbon  ppm wt  15 000–25 000 - 

Total Carbon Flow  kg/t acrylonitrile  5.3–18 0–1** 

* Treatment may be biological or by incineration. 

** By convention at least 90 % of TOC is destroyed in biotreatment. 

Source: [CEFIC, 2000 #107] 

 

9.3.2.2 Stripper bottoms 
 

The water used to absorb the organic species in the absorbers has the acrylonitrile and hydrogen 

cyanide removed in the recovery column. The remaining water is treated in the stripper column 

where the light components rise up the column and can be recovered as crude acetonitrile. The 

heavy components and excess water produced in the reactors are removed at the bottom of the 

column as an aqueous waste stream. This stream is treated by evaporative concentration. The 

distillate is biotreated and the concentrated heavy stream burnt (with energy recovery) or 

recycled. The effluent concentrations before and after treatment are given in Table 9.7. 

 

 
Table 9.7: European ranges for stripper bottoms effluent before and after treatment  

 
Pre-treatment 

(raw stripper bottoms) 

Post-treatment * 

(final treatment) 

Effluent Units Range Range 

Total flow Kg/t acrylonitrile 500–2 000 - 

Total Carbon ppm wt 4 000–20 000 - 

Total Carbon Flow Kg/t acrylonitrile 8–15 0.1–0.4 ** 

* Treatment may be biological or by incineration. 

** By convention at least 90 % of TOC is destroyed in biotreatment 

Source: [CEFIC, 2000 #107] 

 

 

9.3.2.3 Discontinuous waste water 
 

The cleaning of process equipment for operational reasons or prior to maintenance generates 

discontinuous effluent streams. The number of such operations is highly dependent on the 

maintenance management. This effluent is typically directed to a central waste water treatment 

facility. Table 9.9 shows the pollutant load of a combined waste water stream (process water 

and cooling water) from an acrylonitrile plant both before and after treatment in a central 

WWTP. 

 
Table 9.8: 1999 water arisings and emissions from an acrylonitrile plant in the Netherlands  

Pollutant 

Pre-treatment 

pollutant load 

(kg/t acrylonitrile) 

% removal in 

WWTP 

Emission factor 

(kg/t acrylonitrile) 

COD 

Kjeldahl-N 

Cyanide 

Acrylonitrile 

Sulphate 

Molybdenum 

32 

3.0 

0.1 

0.049 

0.003 

0.005 

93 

95 

> 99 

> 99 

3 % (
1
) 

3–4 % (
1
) 

2.24 

0.15 

- 

- 

- 

- 

N.B. Acrylonitrile plant has an annual capacity of 190 kt 

(1) to waste water sludge 

Source: [InfoMil, 2000 #83] 
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9.3.3 Raw material consumption 
 

Propylene and ammonia are the major raw materials consumed in acrylonitrile manufacture, but 

‘make-up’ catalyst is also a significant consumable. Air may also be considered a raw material 

and it may be enriched with oxygen to increase the reactor capacity. Sulphuric acid is used to 

neutralise the unconverted ammonia, and its consumption is linked to the ammoxidation 

reaction performance. 

 

The unit cost and specific consumption of raw materials are kept confidential by producers due 

to their impact on the competitiveness of the manufacturing process, but Table 9.9 gives typical 

ranges. Since the consumption rates of raw materials are linked, no one unit could 

simultaneously achieve the lowest figures for all parameters. The ranges of values are dependent 

on the catalyst (type, age, ‘make-up’ catalyst addition strategy), the processing plant 

configuration and the operating conditions. The theoretical minimum consumption (of the main 

reaction only with 100 % yield) would be 0.78 t propylene and 0.33 t ammonia / tonne of 

acrylonitrile product. However, in practice 85 % of the propylene feed is converted to saleable 

products (acrylonitrile, acetonitrile, hydrogen cyanide). 

 
Table 9.9:  Typical raw material consumption  

 Consumption range * 

Propylene consumption 1.03–1.15 t C3H6 / t acrylonitrile 

Ammonia consumption 0.45–0.55 t NH3 / t acrylonitrile 

Make-up catalyst consumption 0.3–0.7 kg catalyst / t acrylonitrile 
* In-tank values taking into account losses through the quench, recovery and purification areas. 

Source:[CEFIC, 2000 #107] 

 

 

9.3.4 Energy consumption 
 

Propylene ammoxidation is a highly exothermic reaction. Acrylonitrile plants are net exporters 

of energy as the reaction heat is used to generate high-pressure steam, which in turn can be used 

to drive air compressors, be exported and provide energy to downstream separation and 

purification units. The energy export range is 340 to 5700 MJ/t acrylonitrile [CEFIC, 2000 

#107]. The range is wide because acrylonitrile plants generate a number of gaseous and liquid 

effluent streams that may be recovered as fuel in furnaces, power plants or steam boilers. 

 

Optimisation of the energy balance therefore is typically done on a site-integrated basis. In 

addition, each European acrylonitrile plant is differently integrated into the total site thus giving 

different plant configurations and energy recovery techniques. When comparing the energy 

performances of acrylonitrile units, the electricity needed to produce the oxygen (when used to 

enrich the air) should also be considered for the sake of completeness. 

 

9.3.5 Water consumption 
 

9.3.6 Co-products, by-products and waste generation 
 

Hydrogen cyanide co-product: Hydrogen cyanide is produced in the acrylonitrile reactors and 

may be recovered as the overhead product from the first column of the purification train. The 

catalyst used in the acrylonitrile reactors dictates the amount of hydrogen cyanide produced and 

it can range of 90–120 kg hydrogen cyanide / tonne of acrylonitrile production [CEFIC, 2000 

#107]. The hydrogen cyanide is either sold or converted on site to other products. 

 

Acetonitrile co-product: Acetonitrile is produced in the acrylonitrile reactors and is separated 

as an overhead product from the stripper column. Crude acetonitrile is produced in the range of 

5–32 kg/t acrylonitrile. The rate is determined by the catalyst used in the acrylonitrile reactors 

[CEFIC, 2000 #107]. Hydrogen cyanide is also present in this stream at a rate of 0.1–0.3 kg/t 

acrylonitrile [CEFIC, 2000 #107]. 
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Ammonium sulphate co-product: Ammonium sulphate is produced in the quench area of the 

process at the rate of 115–200 kg/t acrylonitrile [CEFIC, 2000 #107]. 

 

Entrained acrylonitrile catalyst waste: The ammoxidation reaction takes place in fluid bed 

reactors and the catalyst is retained in the reactors using combinations of cyclones. The cyclones 

are not 100 % efficient and some catalyst is lost from the reactors and exits the process through 

the quench system. The rate of catalyst loss is in the range 0.3–0.7 kg/t acrylonitrile, but may be 

greater in the case of upset conditions (e.g. loss of cyclone efficiency, plugging of dip legs or of 

distribution spargers) [CEFIC, 2000 #107]. Spent catalyst has the same composition as virgin 

catalyst (i.e. metal oxides on a silica support). 

 

Table 9.10 shows actual waste streams (prior to treatment) from an acrylonitrile plant. 

 

 
Table 9.10:  1999 waste arisings from an acrylonitrile plant in the Netherlands  

Type of hazardous waste 
Emission factor 

(kg/t acrylonitrile) 
Destination 

Acrylonitrile catalyst 0.4 
Small part recycled, most of it to 

ammonium sulphate plant 

ZA oil (organic and inorganic 

contaminants from crystalliser) 
70–80 * Incinerator and sulphur recovery 

Small-scale hazardous waste 0.34 
Partly incinerated, partly 

recycled, partly waste storage 

Water/oil slurry and sludge 0.65 Incineration after dewatering 

* Exact emission factor unknown; part of it comes from another plant 

Source:[InfoMil, 2000 #83] 

 

9.3.7 Example plants 
 

The collection of this information was not co-ordinated according to any pan-European protocol 

although there protocols may have existed at Member State level. The data are presented in a 

variety of formats and should be seen as real-life examples of plant performance. Accurate 

interpretation of the data may require further information from the relevant Member State. 

 
Table 9.11:  Emission / consumption data for a German acrylonitrile plant)  

 Plant 11 Internal No. B5  (capacity 240 kt/yr acrylonitrile) 

Waste gas 

Maximum emission concentrations as half-hourly averages: 

NH3 max. 1 mg/m³. CO max. 10 mg/m³. NO2 max. 374 mg/m³. Oxygen organics max 

900 mg/m³. Many different diffuse emission sources 

Waste water 

Raw data. 

stream 1 to final treatment: TOC 1800 mg/l (50 m³/h) 

stream 2 to final treatment: NH3-N 240 mg/l (5 m³/h) 

stream 3 to incineration: TOC 550000 mg/l (11.5 m³/h) 

Emissions: 

stream 1: 3.3 kg TOC/t acrylonitrile 

stream 2: 0.04 kg NH3/t acrylonitrile 

stream 3: 230 kg TOC/t acrylonitrile 

Solid wastes 

69 tpa used catalyst with Mo, Bi, Co, Cr, Ni (recycling) 

150 tpa organic distillation residuals (combustion) 

100 tpa sludges from petrochemical processes (combustion) 

Energy 
Exothermic reaction - 56 t/h of 30 bar steam and 3 t/h of 5 bar steam are sent to other 

facilities. Consumption of electricity 2.7 MW 
Source: [UBA (Germany), 2000 #91] 
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9.4 Techniques to consider in the determination of BAT 
 

This chapter does not necessarily provide an exhaustive list of techniques which could be 

applied. Other techniques may exist, or may be developed, which could be considered in the 

determination of BAT for an individual installation.  

 

Compared with its predecessors, the acrylonitrile production process based on the 

ammoxidation of propylene is cheaper, allows large units to be built (more than 100 kt/yr) and 

performs better environmentally. All acrylonitrile plants in the EU now use the propylene 

ammoxidation process in a fluidised bed reactor known as the ‘BP/SOHIO Process’. Recently, 

Monsanto-Solutia has licensed its own similar process. 

 

Pure air, or air slightly enriched with oxygen, can be used in the reaction. Enriched air allows a 

larger output in a given reactor volume, and is often used as a debottlenecking technique, but its 

environmental benefit (off-gas volume reduction) is marginal. 

 

9.4.1 Techniques to reduce emissions to air 
 

The Flemish region of Belgium has legislation requiring the incineration of waste gas from the 

reactor and absorber, and the incinerator off-gas is subject to an acrylonitrile emission limit 

value of 0.2 mg/m
3
. Waste gases from reactor product distillation and from filling operations are 

required to be scrubbed in order to meet the ʻgeneralʼ (not sector-specific) acrylonitrile ELV of 

5 mg/Nm
3
 (for mass flows of at least 25 g/h) [VITO, 1999 #53]. 

 

The Netherlands similarly has a special regulation (3.5/29.3a) relating to the production of 

acrylonitrile. This requires that waste gases from the absorber and reactor should be fed to a 

boiler or incinerator, and the concentration of acrylonitrile in the exhaust gas may not exceed 

0.5 mg/Nm
3
 (the detection limit for very good analysis techniques). The emissions from the 

distillation of reaction products and emissions released by displacement losses in the storage of 

(intermediate) products should comply with the general emission standards of their guidance 

(NeR) (5 mg acrylonitrile /Nm
3
 if the raw gas stream contains 25 g acrylonitrile /h or more). 

 

German reference documents (VDI 3862, Blt. I of 4/87 and Blt. II of 2/91) set minimum 

detection limits for the analysis of acrylonitrile. With FID, the detection limit is 0.5 mg/m
3
 or 

0.3 mg/m
3
 (dependent on the type of sampling). With PND (phosphorus nitrogen selective 

detectors), the detection limit is 0.05 mg/m
3
. 

 

9.4.1.1 Absorber vent off-gas 
 

The reaction off-gases in the stream leaving the process absorber contain non-condensable 

components (nitrogen, oxygen, carbon monoxide, carbon dioxide, propylene, propane and 

argon) as well as vaporised water and traces of organic contaminants. In some cases, the 

acetonitrile produced at the reaction is entrained in this stream. 

 

The volume of the stream can be reduced by the use of enriched air, instead of normal air for the 

reactions, but this may not always be economically viable. The off-gas stream can also be 

reduced by improved catalyst efficiency. 

 

Thermal or catalytic oxidation can be used to treat this stream, leading to almost total 

destruction of organic pollutants (99.9 % destruction is quoted in [InfoMil, 2000 #83] and 

CEFIC have, by convention, assumed 100 % destruction efficiency). Usually a heat recovery 

unit (steam generation) is associated with the oxidiser. The high destruction temperature of 

acrylonitrile, however, may necessitate a support fuel especially if the tank is nitrogen blanketed 

instead of atmospheric [Environment Agency (E&W), 1999 #7]. 
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Autothermal incineration, dispensing with the need for support fuel, is also under consideration 

in one plant and was expected to cost under GBP 10 million but an alternative technology will 

be implemented [ENDS Report, June 2000 #119]. 

 

9.4.1.2 Residues incineration 
 

An acrylonitrile plant may have facilities to incinerate process residues and also to burn 

hydrogen cyanide. Such facilities will generate combustion flue-gases. The magnitude and 

composition of flue-gases will depend on the use of external facilities and the availability of 

hydrogen cyanide consumers. 

 

Techniques to minimise this stream include reducing the formation of residues at the reaction 

step (through reaction monitoring) and ensuring proper operating conditions (to reduce the loss 

of valuable products in the residue streams and to avoid degradation of valuable products 

throughout the unit). 

 

There is usually no specific treatment of the flue-gas (except for heat recovery), except when 

catalyst fines are present in a residue and then an electrostatic precipitator is usually used to 

collect particulates. 

 

9.4.1.3 Storage tanks 
 

The release of acrylonitrile to atmosphere during storage can be significant and storage tanks 

must be vented to a safe location. In order to protect against possible polymerisation reactions 

occurring during storage, small quantities of inhibitors are added. One of these, MEHQ 

(monomethyl ether of hydroquinone) requires small quantities of dissolved oxygen in order to 

be effective. Tank breathing losses are often minimised by a suitable method (e.g. an internal 

floating roof structure for storage tanks) followed by scrubbing. 

 

Detailed guidance on the storage and handling of acrylonitrile can be found in a regularly 

updated note that is widely used within the industrial sector [CEFIC - Acrylonitrile Sector 

Group, 1995 #145]. The note can be accessed from the CEFIC website (http://www.cefic.org). 

Key points of the note are as follows. 

 

 Storage tanks should be the smallest compatible with shipping and receiving 

requirements. 

 Storage times in excess of six months should be avoided to minimise degradation of 

acrylonitrile quality. 

 Acrylonitrile storage tanks do not require insulation or refrigeration. White paint should 

be considered for outside storage tank exterior surfaces in hot climates, to minimise 

temperature increases. 

 Agitation of storage tanks on production units is recommended both for uniformity of 

sampling and for the addition of inhibitors. Agitation is best achieved by pumping a 

recirculating stream through eductors maintained near the bottom of the tank. 

 Acrylonitrile should be stored under a nitrogen blanket in order to avoid explosive 

vapour mixtures. 

 For prolonged storage periods of AN, it is recommended that the oxygen concentration 

is monitored to ensure that the inhibitors remain effective. 

 Acrylonitrile must be handled in a closed system. This can be achieved by using vapour 

return lines when loading or unloading. In the absence of a vapour return system, the 

displaced vapours in the tank must then be routed to a vapour treatment unit. 

 

9.4.1.4 Miscellaneous vent streams 
 

There are a number of other diverse origins for vents, including: process vessels, loading 

facilities, process analysers, sampling connections, safety valves and maintenance vents. The 

vents usually contain valuable products (acrylonitrile, hydrogen cyanide or acetonitrile) diluted 
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by non-condensable gases (propylene, carbon dioxide, nitrogen, oxygen). Some of the 

techniques to minimise these streams include: 

 

 vapour phase equilibrium during transfer and loading operations; 

 closed sampling systems; 

 proper operating procedures to clean the unit prior to maintenance. 

 

The vents are usually treated in water scrubbers. When large quantities of propane or propylene 

are likely to be present, the stream may be flared. 

 

9.4.1.5 Fugitive emissions 
 

Fugitive emissions from acrylonitrile processes are generally low because the process pressure 

is moderate. Fugitives will mainly consist of acrylonitrile, hydrogen cyanide, acetonitrile, 

propylene and propane. Due to their toxic nature, the permitted emission limit values for 

acrylonitrile and hydrogen cyanide in ambient air are very low (2 ppm and 10 ppm respectively 

in most of Europe). For occupational health reasons, and with consequential environmental 

benefit, extensive measures have been taken to prevent releases, and to detect them at an early 

stage such that remedial measures can be taken promptly. Prevention techniques are described 

in Chapter 5.3.1.3. 

 

9.4.1.6 Combustion gases 
 

Emissions from combustion plants where the principal objective is the production of energy, 

e.g. as steam, heat, electricity or combined heat and power, are outside the scope of this BREF. 

Full descriptions of all the emission control techniques that can be applied can be found in the 

LCP BREF. 

 

9.4.2 Techniques to reduce emissions to water 
 

The acrylonitrile process produces water in the reaction step and the rejection of water from the 

process is a critical part in the design of all acrylonitrile plants. Many differing techniques are 

used depending upon the individual circumstances and location of the production unit. Key 

steps normally involve concentrating the contaminant in the water stream using evaporation 

(either single or multiple effect). The concentrated contaminated stream is handled in a number 

of different ways depending on the design of the plant; these include burning the stream or 

recycling to other parts of the process to maximise recovery of saleable products before burning 

the contaminated stream. The ‘clean’ water stream recovered from these concentration 

processes is further treated, normally in biological waste water treatment plants, prior to 

discharge to water bodies. The biological treatment units can either be a central site facility or 

specific to the acrylonitrile plant. 

 

There are also reports of wet air oxidation of waste water from the waste water stripping 

column, followed by ammonium sulphate recovery; and also powdered activated carbon 

treatment of acrylonitrile stripping and treated waste water stripping column effluents 

[Environment Agency (E&W), 1999 #7]. Waste water columns are also reported for the 

removal of hydrogen cyanide and acrylonitrile [InfoMil, 2000 #83]. 

 

The removal efficiency of a central waste water treatment plant treating acrylonitrile effluents 

has been reported as [InfoMil, 2000 #83]: 

 

COD: 93 % Acrylonitrile ≥ 99 % 

KJ-N: 95 % SO4 

2-: 3 % to waste water sludge 

CN-: ≥ 99 % Mo: 3–4 % to waste water sludge 
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[Note to TWG: If this chapter is to remain, then the following paragraph will need to be brought 

up to date.] 

  

At the BASF site on Teesside, England a liquid waste gasification unit is being built to treat 

process liquid effluent streams from a number of different processes, including an acrylonitrile 

plant. The unit has a capital cost of GBP 16 million. The gasifier will operate at a pressure of 29 

bar and a temperature of 1200–1400 ºC, and will deal with 13 tonnes of waste per hour. The 

reducing atmosphere of the reactor will produce a syngas of 35 % hydrogen and 27 % carbon 

monoxide along with carbon dioxide and nitrogen. The gasifier exhaust gas will be cooled and 

cleaned and passed to two-stage heat recovery. The cleaned syngas will be combusted in 

existing boilers and the effluent discharged. The unit is expected to significantly reduce the 

discharge of COD and ammonia to the River Tees, as well as emissions of nitrogen oxides, 

sulphur oxides and particulates to air. Energy consumption will also reduce. The technology 

could be of interest for other processes that combust organic wastes with a high nitrogenous 

content [ENDS Report, June 2000 #119]. 

 

 

9.4.3 Techniques to reduce raw material consumption 
 

By far the most important factor causing raw material consumption to be higher than 

stoichiometric is the limited activity and selectivity of the acrylonitrile catalyst. Significant 

progress has been made in reducing raw material losses through catalyst performance and 

further efforts are continuing, mainly driven by economic factors. The selection of the catalyst is 

intended to maximise the output of saleable acrylonitrile, but also of hydrogen cyanide and 

acetonitrile. Once the catalyst is selected, the reaction is monitored carefully to: 

 

i) optimise the yields, by adjusting the temperature, the proportion of reactants and 

particularly the oxygen content; 

ii) to maintain the high yields through frequent (even continuous) reaction gas analysis; 

iii) to protect the catalysts against process upsets through measures like automatic 

shutdown and reliable interlock systems. 

 

The reaction performances also depend on the efficacy of fluidisation since poor fluidisation 

leads to high-temperature spots where propylene is combusted. Some of the important factors to 

consider are: the gas distribution; the proper design/maintenance of cyclones and dip legs; the 

operating instructions; facilities to avoid sparger plugging at shutdown or to blow the dip legs in 

case of plugging; catalyst consumption, and the monitoring of temperatures. 

 

Raw material losses are also reduced by a properly designed acrylonitrile recovery system 

downstream of the reaction and the selection of optimum conditions throughout the plant (i.e. 

pH, temperatures, nature, concentration and method of injection of inhibitors) to avoid side 

reactions or degradation of the desired products. 

 

Losses of valuable products with the organic wastes or the aqueous effluents can be minimised 

by optimisation of the recovery conditions, but these represent a minor amount compared to the 

other loss factors mentioned above. 

 

Pure hydrogen cyanide is obtained in all acrylonitrile units as part of the standard design. It is 

desirable to upgrade the hydrogen cyanide, often into acetone cyanohydrin that can be used as a 

chemical feedstock. As hydrogen cyanide storage is undesirable, the aim is to maximise the 

reliability of the downstream processes, and to control the hydrogen cyanide distillation process 

to maintain hydrogen cyanide quality. 

 

Pure acetonitrile can be obtained as a by-product but it requires a dedicated recovery system. As 

only small quantities of acetonitrile are co-produced (depending on the catalyst type), 

acetonitrile recovery is not profitable for all producers. The options are either to burn the 

acetonitrile, sometimes with the absorber off-gas, or to purify it. 
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9.4.4 Techniques to reduce energy consumption 
 

The use of electricity and steam represents a significant share of the production cost of 

acrylonitrile. Raw water may be a source of significant environmental problems (particularly in 

hot, dry locations) and its consumption is a consequence of process and energy management 

choices. 

 

The acrylonitrile catalyst selectivity and the heat balance are linked. An efficient catalyst has a 

high propylene conversion into valuable products, and a low propylene combustion. The more 

efficient the catalyst is the less steam is produced during the reaction and in the heat recovery 

section downstream of the reactor. The plant energy balance also depends on local factors like 

the presence of acetonitrile or ammonium sulphate recovery units, but acrylonitrile units are 

generally net steam exporters. 

 

The reuse of this energy in the complex is a key issue and a proper energy management system 

at site level is an essential tool to ensure the good performance of an acrylonitrile unit. High-

pressure steam (at more than 30 bar) is generated at the reaction step and is either sent to 

turbine-driven air compressors, or used to produce electricity outside of the acrylonitrile unit, or 

exported as steam to a site network. 

 

The steam consumptions inside the core acrylonitrile plant are mainly for distillation. The steam 

consumption of new distillation columns can be optimised using standard design methods. 

Existing columns can use retraying and repacking techniques, but the reduced steam 

consumption is often secondary to debottlenecking of the plant capacity. 

 

The major power consumers of an acrylonitrile unit are the air compressors. The usual ways to 

reduce the energy consumption of compressors are applicable (i.e. efficient design, or reduction 

of pressure drops) and some minor improvements can also be obtained through the use of gas 

seals. In hot climates in particular, significant electric power is consumed in refrigeration units 

necessary to condense and cool hydrogen cyanide. 

 

9.4.5 Techniques to reduce waste generation 
 

9.4.5.1 Co-products recovery 
 

Pure hydrogen cyanide is recovered from the process, ideally for reuse and/or sale, but this 

depends on market demand. Even where markets exist, facilities must be provided to enable the 

continuous burning of all the hydrogen cyanide that is recovered. 

 

Acetonitrile can be purified to a commercial-grade product. Purification needs investment and 

energy, and is only justified when a profitable market exists; otherwise, unpurified acetonitrile 

will be burnt as fuel. 

 

Excess ammonia, which is unconverted in the reaction, is reacted with sulphuric acid, producing 

an ammonium sulphate solution that can be sold as fertiliser. Crystallisation is the only way to 

obtain solid reusable ammonium sulphate. The ammonium sulphate recovery section also 

includes facilities to allow the removal of organics and catalyst fines. Alternatively, the 

ammonium sulphate can be converted into sulphuric acid in a dedicated unit. 

 

9.4.5.2 Storage and loading facilities 
 

Owing to the hazardous properties of acrylonitrile and hydrogen cyanide, safety considerations 

are very important in their storage and handling. Acrylonitrile has the ability to self-polymerise 

if initiators are present and are flammable. Stabilising agents may therefore be added to the 

product, and measures taken to prevent the accidental ingress of impurities that could either 

strongly react or catalyse a runaway reaction. 
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Acrylonitrile is typically stored in tanks under nitrogen at atmospheric pressure. Care is taken to 

cope with the flammable properties of acrylonitrile. Also, a minimum amount of oxygen has to 

be present in the solution to ensure acrylonitrile stability. Tank vents are typically routed to 

water scrubbers that ensure very low acrylonitrile emissions to air. 

 

Systems for loading acrylonitrile into trucks or railcars are typically equipped with vapour 

return systems in order to minimise the releases, or pass them to an appropriate treatment 

technique (e.g. water scrubbing). Emissions of acrylonitrile during loading operations are 

minimised by properly purging relevant piping and coupling connections before decoupling. 

Purge vents are subsequently sent to a vapour return system or treated. 

 

Pure hydrogen cyanide is not stored in large volumes, but a small volume buffer tank is 

typically used to aid its continuous reuse or destruction. When hydrogen cyanide is sold, storage 

capacity is minimised, consistent with shipping requirements. 

 

9.4.5.3 Liquid residues 
 

Heavy residues are recovered from the quench system (catalyst fines and heavy organics) and 

from the bottom of stripper columns (heavy organic compounds/polymers). The arisings can be 

minimised by such techniques as: 

 

 reducing the formation of fines and catalyst losses; 

 avoiding degradation of products by using mild operating conditions and addition of 

stabilisers; 

 maximisation of the recovery of valuable product from waste streams; 

 selection of catalyst. 

 

The heavy residue streams can be first concentrated and then incinerated (either on site or 

offsite), preferably with heat recovery. 

 

When hydrogen cyanide co-product cannot be reused or sold, it has to be continually destroyed 

to avoid storage. The destruction method is either flaring in a dedicated flare, or burning in a 

local incinerator. Where a plant has no outlet to reuse hydrogen cyanide the stream can be 

minimised, to a certain extent, by the optimisation of reaction conditions. Where there is a 

hydrogen cyanide reuse unit, the residue stream is minimised by ensuring a constant distilled 

hydrogen cyanide quality and ensuring the reliability of the hydrogen cyanide downstream reuse 

unit. 

 

When acetonitrile by-product cannot be sold for any reason, then crude acetonitrile is normally 

incinerated with energy recovery. The acetonitrile may also be routed with the absorber off-gas, 

but this provision must be included at the design stage. 

 

9.4.5.4 Solid wastes 
 

The fluidised catalyst undergoes attrition, creating fines, and they cannot all be captured by the 

reactor cyclones. The fines are entrained outside of the reactor and are collected in the quench 

system. The arising of catalyst fines can be minimised by selecting a catalyst that is resistant to 

attrition. Further attention should be paid to the proper monitoring of reaction temperature and 

frequent assessment of the amount of recovered fines as these are good measures of reactor 

operation. 

 

Whatever the quench technique, the spent catalyst is recovered from an aqueous liquid phase 

where it is separated by settling and/or filtration. Recovered spent catalyst is usually burnt or 

disposed of to a licensed landfill site. The condition of the recovered catalyst makes it 

unsuitable for reuse in the reactors, but in certain circumstances the recovered catalyst can be 

treated for metal recovery. 
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9.5 Best available techniques conclusions 
 

[Note to TWG: If this is to remain as an illustrative chapter in the BREF these conclusions will 

need to be recast into IED terms. The old conclusions are presented here for information only, 

and do not currently form part of Chapter 17. 

 

As explained in Chapter 6, BAT for a particular LVOC process is determined by considering the 

three levels of BAT in the following order of precedence: illustrative process BAT (where it 

exists); LVOC Generic BAT; and finally any relevant Horizontal BAT. The following 

techniques are BAT for the illustrative process of acrylonitrile production. 

 

9.5.1 Process selection 
 

The old acrylonitrile production process based on the addition of hydrogen cyanide to acetylene 

is no longer practised and is not BAT. The BAT process is based on the ammoxidation of 

propylene in a fluid bed reactor, with subsequent recovery of acrylonitrile. Recovery for sale of 

the main co-products, hydrogen cyanide, acetonitrile, and ammonium sulphate may be BAT 

depending on local circumstances. The BAT process may also make a choice between 

atmospheric air and oxygen-enriched air, and between chemical-grade and polymerisation-grade 

propylene feedstock. 

 

9.5.2 Plant design 
 

BAT for acetonitrile is to recover and purify it when a market is available, or to burn it with heat 

recovery (the current world market for acetonitrile is significantly smaller than its production 

during acrylonitrile manufacture). 

 

Regardless of the presence of reliable downstream sinks, BAT for the pure, recovered hydrogen 

cyanide is to: 

 

 reuse hydrogen cyanide on site or to sell it' 

 provide adequately sized flare and/or incineration facilities to destroy hydrogen cyanide 

when it cannot be reused; 

 minimise the amount and duration of hydrogen cyanide storage (consistent with the 

requirements of any downstream process or transportation). 

 

BAT for the ammonium sulphate resulting from the neutralisation of excess ammonia is either 

crystallisation and sale to the fertiliser industry, or treatment in a dedicated unit where sulphuric 

acid is regenerated. 

 

BAT for vent streams from normal operation that contain organics is: 

 

 First, minimisation by, inter alia, vapour phase equilibrium during transfer and loading 

operations, closed sampling systems and proper operating procedures to clean the unit 

prior to maintenance. 

 And subsequently, connection to a recovery system or to a vent gas treatment system 

(e.g. incinerator, thermal oxidiser, flare or scrubber). Emergency relief vents that, due to 

their large flow, would overload the pollution control equipment are not limited to the 

same emission limits as routine venting. 

 

For BAT concerning storage and loading facilities reference is made to Chapter 6.3. Because of 

the hazardous nature of acrylonitrile and hydrogen cyanide, the following specific BAT 

measures are required in the design of storage and loading facilities for acrylonitrile production: 

 

 avoid the ingress of impurities likely to react dangerously with acrylonitrile; 
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 avoid the risks of fire in the gaseous phase of tanks and in shipping by considering the 

flammability of acrylonitrile, hydrogen cyanide, acetonitrile and any stored intermediate 

streams in the design of barges, road tankers or railcars used to transport these products 

(e.g. nitrogen blanketing); 

 minimise the amount and duration of hydrogen cyanide storage (consistent with 

requirements of any downstream process or transportation) and monitor for 

temperature, inhibitors and colour on any stored material; 

 bund storage facilities to prevent soil and water pollution in the event of spillage; 

 equip the acrylonitrile, acetonitrile and hydrogen cyanide (railcars only) loading 

systems for trucks or railcars with a vapour return system to minimise the gaseous vents 

that require further treatment in an appropriate system (e.g. a water scrubber). 

 

9.5.3 Air emissions 
 

The following vent streams should be considered: 

 

 adsorber off-gas 

 flue-gas from process waste oxidation 

 miscellaneous vent streams 

 fugitive emissions. 

 

BAT for the adsorber off-gas is minimisation followed by treatment. 

 

Minimisation of adsorber off-gas volume and pollutant load: 

 

 The priority consists of reducing the amount of the adsorber off-gas per tonne of 

acrylonitrile by means of a more efficient catalyst and optimised reaction/operating 

conditions. The use of enriched air and/or of polymerisation-grade propylene complies 

with this prerequisite, but must be judged after a full cost/benefit analysis (i.e. including 

the costs/benefits of oxygen generation). Although oxygen enrichment of the reaction 

air can reduce the off-gas volume, air-based and enriched-air-based processes are both 

BAT. 

 Catalysts are selected to maximise the yield of valuable products (i.e. acrylonitrile, 

hydrogen cyanide and acetonitrile) and minimise waste production. Where acrylonitrile 

is the sole product, then the BAT choice of catalyst can give a yield of > 75 % 

(acrylonitrile). 

 

Treatment of adsorber off-gas: 

 

BAT for the remaining adsorber off-gas is the destruction of the organics in a dedicated thermal 

or catalytic oxidiser, or in a common purpose incinerator or in a boiler plant. In all cases, BAT 

will include heat recovery (normally steam production). 

 

BAT for the miscellaneous vent streams is treatment in either the absorber off-gas treatment 

system or a common flare system for total destruction of the organics. Other vent streams may 

be treated by other techniques, such as scrubbing, which will allow the recycling of the 

recovered components. 

 

The performance of the vent stream treatment systems should target acrylonitrile concentrations 

(as hourly averages) of < 0.5 mg/Nm
3
 (the detection limit in vents) for oxidation systems and 

< 5mg/Nm
3
 for scrubbing systems. 

 

BAT for fugitive emissions is concomitant with minimising operator exposure to acrylonitrile. 

This is demonstrated by observing threshold limits in ambient air of less than 2 ppm 

acrylonitrile for an 8 hours/day exposure. The measures to minimise fugitive emissions are 

covered generically in Chapter 6.3. 
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9.5.4 Water emissions 
 

Contaminated aqueous effluent streams include: 

 

 effluent from the quench section (containing ammonium sulphate); 

 stripper bottoms stream; 

 discontinuous streams (e.g. cleaning water prior to maintenance operation). 

 

BAT includes either the crystallisation of ammonium sulphate for sale as fertilisers, or its 

treatment in a dedicated unit for sulphuric acid regeneration. 

 

BAT for the water streams is pretreatment by distillation to reduce the light hydrocarbon content 

and to concentrate or separate heavy hydrocarbons, with the aim of reducing the organics load 

prior to final treatment. BAT for the recovered light and heavy hydrocarbon streams is further 

treatment to recover useful components (e.g. acetonitrile) prior to combustion with energy 

recovery. 

 

BAT consists of transferring the contaminated effluent stream to a dedicated, central or external 

waste water treatment plant including biotreatment, to take advantage of the high 

biodegradability of the organic contaminants. When biotreatment facilities are not available at a 

location, equivalent quality effluent can be produced using distillation techniques. The 

application of BAT allows an emission level of 0.4 kg Total Organic Carbon /t acrylonitrile to 

be achieved (based on an organics destruction rate of 90 %). 

 

9.5.5 By-products and wastes 
 

BAT is to maximise the reuse of hydrogen cyanide, acetonitrile and ammonium sulphate by-

products, although local circumstances and markets may, at times, prevent this. 

 

Where the pure hydrogen cyanide cannot be recovered for any reason, then BAT is destruction 

in a flare or incinerator that has a capacity for all the hydrogen cyanide production (even when a 

reliable downstream reuse unit exists). 

 

When provided for at the design step, BAT for the crude acetonitrile is recovery from the core 

unit, for further purification. Otherwise BAT for acetonitrile is burning the crude liquid 

acetonitrile stream (with energy recovery), or mixing the crude acetonitrile with the absorber 

vent stream for burning (with energy recovery). 

 

BAT for ammonium sulphate is recovery as crystal, or, where recovery is not possible, 

conversion to sulphuric acid. 

 

BAT for the catalyst fines is separation by settling or filtration, and treatment by combustion or 

landfill disposal.  

 

BAT for heavy residues is firstly minimisation by: 

 

 reducing the formation of fines and catalyst losses; 

 avoiding degradation of products by using mild operating conditions and addition of 

stabilisers; 

 maximising the recovery of valuable product from waste streams; 

 selection of catalyst. 

 

BAT for the heavy residues that cannot be avoided by minimisation techniques is recovery from 

the stripper column bottoms and/or from the quench system (basic quench) together with the 

catalyst fines, followed by on-site or off-site incineration. 
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9.6 Emerging techniques 
 

[Request to TWG: TWG members are invited to contribute information for emerging techniques 

here or in Section 2.5.. Emerging techniques for acrylonitriles have not been included in this 

draft.] 

 

Recent announcements have described a new development in acrylonitrile manufacturing where 

propane is used as the C3 source instead of propylene. This process has only been demonstrated 

at pilot plant scale and no experience is available in commercial scale plants [CEFIC, 2000 

#86]. Despite the cost advantage of propane over propylene, there is unlikely to be a change in 

the near future [Ullmann, 1998 #80]. 

 

Developments in C1 chemistry are reported to offer a new, two-step route to acrylonitrile 

[Weissermel & Arpe, 1993 #59]. Synthesis gas is first reacted with ammonia at 350–600 ºC and 

pressure up to 35 bar to produce acetonitrile that is then converted to acrylonitrile in an 

oxidative methylation with methane. The acetonitrile by-product from the ammoxidation of 

propene could be also converted to acrylonitrile by this route. 

 

High conversions to acrylonitrile have also been obtained on a laboratory scale from ethylene, 

hydrogen cyanide and oxygen using a palladium-based catalyst [Ullmann, 1998 #80]. 
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10 FORMALDEHYDE 
 

10.1 General information 
 

[Request to TWG: please check the production capacity information and the detailed list of 

production sites set out in Table 10.1 and provide updates and corrections where appropriate.] 

 

Formaldehyde is ordinarily produced as a solution in water, which is often referred to simply as 

ʻformalinʼ. Formaldehyde (FA) occurs naturally and is an essential intermediate in mammalian 

cell metabolism. It is released to the atmosphere as a result of combustion and decomposition of 

organic materials. Formaldehyde gas is a strong irritant of the eyes, nose and mucous 

membranes at very low concentrations. Operational practices have therefore been developed to 

limit the occupational exposure of workers. Formaldehyde is toxic and a suspected carcinogenic 

at high concentrations, but the strong irritating effect means that human exposure to high 

concentrations is self-limiting. Formaldehyde poses a moderate fire risk and is explosive in air 

in the range 7–72 %v/v [Ullmann, 1998 #80]. Formaldehyde is soluble in water and most 

organic solvents. 

 

Formaldehyde CH2O is an important organic base chemical and is widely used for the 

manufacture of numerous products, either as 100 % polymers of formaldehyde or a reaction 

product together with other chemicals. Formaldehyde is used to produce the following [CEFIC, 

2000 #81]. 

 

 A huge variety of resins from the reaction of formaldehyde with phenol, urea, 

melamine, furfuryl alcohol or resorcinol. Resin products are used as adhesives, bonding 

agents, glues, paints, coatings, insulators and sealants. 

 Formaldehyde is one of the feedstocks in the production of MDI (methyl diisocyanate) 

used to produce polyurethanes (for foams, synthetic leather, and engineering plastics). 

 Polyoxymethylene is a 100 % formaldehyde polymer used as an engineering plastic 

(e.g. for ski bindings, toothed wheels, kitchen articles). 

 Water-soluble paints and coatings use formaldehyde polyols. 

 Hydraulic fluids and lubricants based on polyol-esters are used in the aircraft industry. 

 Pharmaceuticals, food and feed use formaldehyde intermediates (e.g. provitamin B3). 

 Chelating agents that are used in agricultural products, detergents, soaps, cleaners, food 

industry, mining industry, metal plating, pulp and paper, and textiles. 

 

Formaldehyde is produced by the catalytic oxidation of methanol and is ordinarily produced as a 

solution in water, which is often referred to simply as ʻformalinʼ.  

 

In 20YY, the production capacity of formaldehyde in Europe was ## million tonnes, which was 

XX % of global capacity. European production of formaldehyde is summarised in Table 10.1 

below. 
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Table 10.1: European producers of formaldehyde  

Country City Operator Capacity 

Austria Krems Dynea  

Belgium Hautrage ADVACHEM   

Belgium Antwerp BASF 75 

Belgium Genk Sadepan   

Belgium Ghent Spano   

Bulgaria Dimitrovgrad Neochim PLC  

Czech Republic Ostrava Kronospan  

Denmark Aarhus Dynea  

Finland Hamina Dynea  

Finland Kitee (Puhos) Momentive  

France Ambares et Lagave FORESA  

Germany Ludwigshafen BASF SE 535 

Germany Krefeld Bayer  

Germany Erkner Dynea  

Germany Frankfurt am Main INEOS 15 

Germany Mainz INEOS 35 

Germany Marl ISP Marl   

Germany Lampertswalde Kronospan  

Germany Krefeld Lanxess 59 

Germany Arnsberg Perstorp  

Germany Springe Sapemus Chemie  

Germany Frankfurt Ticona 160 

Greece Komotini Hadjilucas SA  

Hungary Kazincbarcika Dynea  

Ireland Cork Dynea  

Italy Trieste ALDER S.p.A. 25 

Italy Pomponesco (Mantova) Chimica Pomponesco S.p.A.  

Italy Osoppo Fantoni SpA  

Italy Viadana Sadepan Chimica S.r.l.  

Latvia Olaine Biolar  

Lithuania Jonavos Achema AB  

Netherlands Botlek (Rotterdam) Momentive   

Netherlands Dordrecht Perstorp   

Norway Lilleström Dynea 44 

Poland Szczecinek Kronospan  

Poland Putskow Lerg  

Poland Kedzierzyn-Kozle Pfleiderer  

Portugal Gafanha de Nazare FORESA 150 

Portugal Sines Euroresinas  

Romania Radauti EGGER  

Romania Sebes Kronospan  

Romania Victoria Viromet SA  

Slovakia Strážske Diakol Straske  

Slovakia Straszke Kronospan  

Slovenia Lendava Nafta Petrochem  

Spain Tortosa ERCROS   

Spain Almusafes ERCROS   

Spain Pontevedra FORESA 160 

Spain Burgos Kronospan  

Sweden Kristinehamn Casco   

Sweden Perstorp Perstorp   

The Netherlands Rotterdam Caldic Chemie BV  

The Netherlands Dordrecht DuPont de Nemours  

The Netherlands Delfzijl Dynea BV  

UK Exham EGGER  

UK Wrexham Kronospan  

UK Peterlee Momentive   

UK Cowie Momentive   

UK Mold Synthite Ltd 75 
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The cost of formaldehyde production is dominated by the cost of the methanol raw material. 

Methanol prices do not necessarily follow the same business cycle as the petrochemical 

industry, so the economics shows some decoupling from the rest of the industry. 

 

Key Environmental Issues 

 

The key environmental issues for the production of formaldehyde are as follows. 

 

 The emissions to air from the reaction section and the related abatement devices. The 

main pollutants from these streams are VOCs (FA, methanol) and combustion-related 

emissions such as CO, CO2 and NOX. 

 The major solid waste generated is the spent catalyst and there are no continuous 

process effluents to waste water treatment systems but the high FA load is a challenge 

for biological reactors. 
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10.2 Applied processes and techniques 
 

10.2.1 Process options 
 

Historically, propane, butane, ethylene, propylene, butylene and ethers have all been used as 

starting materials for formaldehyde manufacture but none are used today [Wells, 1991 #60]. 

Today, formaldehyde is produced from methanol, either by catalytic oxidation under air 

deficiency (‘the silver process’) or air excess (‘oxide process’). There are further options to 

design the silver process for either total or partial methanol conversion. European formaldehyde 

production capacity is split roughly equally between the silver and oxide routes. Both of these 

processes are described in detail in the subsequent sections of this chapter.  

 

Methanol is the main raw material for both process routes and is either produced on site or 

imported (by ship, barge, rail or road tank). Because of its flammability, methanol is stored in 

tanks at atmospheric pressure under air or nitrogen. The only other auxiliary raw materials are: 

 

 air used to oxidise the methanol (in both processes); 

 demineralised process water to absorb formaldehyde (this leaves with the commercial 

product) and to generate steam; 

 optionally, very small quantities of sodium hydroxide are injected in the absorption step 

of the oxide process and leave with the commercial product. 

 

Both production routes share the same sequence of basic unit operations, namely: 

 

 vaporisation of (aqueous) methanol in air, 

 catalytic conversion of vaporised methanol to formaldehyde, and 

 absorption of formaldehyde into water to produce formalin (sometimes formaldehyde 

might be contacted with a urea solution in order to produce urea formaldehyde within 

the process for subsequent conversion into resins). 

 

Formaldehyde is normally produced commercially as 37–50 % aqueous solutions (‘formalin’). 

The various concentrations of formaldehyde product are stored in tanks under atmospheric 

pressure. 

 

The response to the 2013 EIPPCB questionnaire shows that in the EU: 

 

 most installations have a 97 % conversion target; 

 none use hot oil to recover energy, but some do use condensate/steam; 

 methanol purity typically ranges from 99.5 % to 99.9 %, although in some cases it can 

be as low as 97 %; 

 some sites have a dedicated or shared oxidation device to abate vent gases; 

 the product is typically sold as a 30–55 % solution, but in some cases it can be as high 

as 70 %; 

 residual methanol in the product ranges from 1 % to 3 %, although in some cases it can 

be as high as 5 %; the remainder of the impurities are around 0.1 %. 

 

10.2.2 Catalytic oxidation of methanol 
 

10.2.2.1 Silver catalyst process 
 

The silver process is an oxidative dehydrogenation of methanol with air over a crystalline silver 

catalyst. In the initial step, methanol is dehydrogenated (Equation 1) and there is a secondary 

combustion of hydrogen (Equation 2) resulting in the overall reaction shown in Equation 3.  

 

CH3OH  CH2O + H2   H = + 84 kJ/mol   (Equation 1) 

H2 + ½ O2  H2O   H = - 243 kJ/mol  (Equation 2) 
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CH3OH + ½ O2  CH2O + H2O  H = - 159 kJ/mol  (Equation 3) 

 

The process for total methanol conversion consists of four main unit operations, namely: 

  

 methanol vaporisation,  

 catalytic methanol conversion to formaldehyde,  

 formaldehyde absorption, and  

 emission control. 

 

Methanol vaporisation 

Methanol is fed into the bottom of a vaporiser column and diluted by a methanol/water mixture. 

The methanol/water mixture is heated and passes to the top of the vaporiser column together 

with water from the scrubber on top of the absorption column. The heat required to evaporate 

the methanol/water mixture is provided by heat exchangers that are linked to the absorption and 

catalytic conversion system. Overall the feed to the vaporiser column is about 40 % water and 

60 % methanol.  

 

Fresh process air enters the bottom of the vaporiser column and passes counter-current to the 

descending liquid methanol/water mixture. A gaseous mixture of methanol in air is formed by 

the actions of stripping and vaporisation. The methanol-rich gas mixture contains enough 

methanol, nitrogen and water to be safely above the upper explosion limit. After passing 

through a demister, the gaseous mixture is superheated with steam in order to avoid any partial 

condensation above the silver catalyst bed. 

 

Catalytic methanol conversion 

The catalytic reactor contains a silver catalyst bed with layers of silver crystals of a defined 

range of particle sizes supported on a perforated tray. The catalyst lifetime, typically three to 

nine months, is influenced by a number of operating conditions. Depleted catalyst can be 

completely recycled. Immediately below the catalyst bed is a water boiler that produces steam 

and simultaneously cools the hot reaction gases to a temperature corresponding to that of the 

pressurised steam. An additional gas cooler rapidly reduces the reaction gas temperature to 

about 85 ºC. 

 

Formaldehyde absorption 

The cooled reaction gas enters a multistage packed absorption column and is contacted counter-

current with aqueous formaldehyde solutions whose concentrations decrease from stage to 

stage. The excess heat from the first absorption circuit is often used to preheat the 

methanol/water feed in the methanol evaporation column in a recuperative heat exchanger. In 

the final absorption stage, the gas is scrubbed counter-current with demineralised water. The 

concentration in the first absorption stage can be controlled at a concentration of 40–60 % w/w 

formaldehyde as required by the final product specification. The formaldehyde product contains 

up to 1.5 %w/w methanol and this acts as a stabiliser to prevent polymerisation. 

 

Emission control 

The reaction off-gas contains about 18–23 % hydrogen and has a calorific value that makes it 

suitable for thermal incineration with energy recovery, either in a dedicated thermal oxidiser, a 

gas engine (with the production of electricity) or a conventional boiler.  

 

The silver catalyst process can be summarised as shown in the diagram below. 
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Figure 10.1: Process flow diagram for formaldehyde production using the silver oxide process 

(total methanol conversion) 

 

The silver process may also be operated to give partial (about 80 %) methanol conversion using 

methanol with only small amounts of water. The reaction over the silver catalyst takes place at 

the slightly lower temperature of 590–650 °C but again with methanol significantly above the 

upper explosion limit. The main difference is that the process solution from the absorber 

contains excess methanol and is fed to a vacuum distillation column where methanol is 

separated off and recycled to the vaporiser. At the bottom of the distillation column a product is 

obtained with about 62 % formaldehyde and up to 1.5 % methanol. The off-gas from the process 

is combusted to generate steam (about 1.5 t steam/ t formaldehyde) either in a dedicated 

incinerator or in a power plant. 

 

The silver catalyst process using partial methanol conversion can be summarised as shown in 

Figure 10.2. 

 

 

Figure 10.2: Process flow diagram for formaldehyde production using the silver oxide process 

(partial methanol conversion) 

 

10.2.2.2 Metal oxide catalyst process 
 

In the oxide (‘Formox’) process, the formation of formaldehyde is accomplished by the direct 

oxidation of methanol with excess air over a metal oxide catalyst according to the formula: 

 

CH3OH +
1
/2 O2    HCHO + H2O H = -159 kJ/mol 

 

The process gives a high yield of formaldehyde on a single pass, and also a methanol 

conversion above 99 mol%, making the recovery of methanol from the final product 

unnecessary. The actual formaldehyde yield is in the range of 91–94 mol% of the theoretical 

amount. The process can be divided into four unit operations: methanol vaporisation, catalytic 

conversion of methanol to formaldehyde, formaldehyde absorption, and catalytic incineration of 

emissions.  

 

Methanol vaporisation 

Fresh air is mixed with recycled gas from the absorption tower and fed to the 

vaporiser/preheater. Pure methanol is flash-vaporised into the gas stream, most often using heat 

generated in the process. The methanol–air ratio is controlled to maintain a safe and accurate 
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feed of the desired oxidation atmosphere. A high content of methanol is possible, as the recycle 

gas is high in nitrogen, thereby ensuring an atmosphere with excess air and below the lower 

explosion limit (in contrast to the silver process, which is operated above the upper explosion 

limit). 

 

Catalytic conversion of methanol to formaldehyde 

The methanol oxidation is an exothermic reaction that takes place over a solid oxide catalyst at 

atmospheric pressure and 300–400 ºC. The catalyst is an intimate mixture of ferric molybdate 

and molybdenum trioxide, but performance may be enhanced by small amounts of other metal 

oxides. Chromium oxide promoters are no longer used in Europe for catalyst enhancement 

because of their carcinogenic nature. The catalyst is simultaneously regenerated with 

atmospheric oxygen and has a typical lifetime of 10 to 18 months. The gas mixture entering the 

reactor tubes is preheated by heat transfer fluid (HTF). The HTF system may be molten salt or a 

boiling HTF (in which case the system functions as a thermo-siphon through the reactor shell/ 

steam generator and there is no need for forced circulation). 

 

As the gas reaches the catalyst, the reaction starts and heat is evolved. The reaction by-products 

are very small amounts of dimethyl ether, carbon monoxide, and formic acid. To promote good 

heat transfer, the upper part (and sometimes the lower part) of the tubes are loaded with inert 

rings. HTF fills the reactor shell and removes the heat of reaction. Before the reaction gas enters 

the absorption tower, the gas is heat exchanged to reduce the inlet gas temperature to the 

absorber and to produce steam. 

 

Formaldehyde absorption 

The cooled reaction gas enters the bottom of an absorption tower that consists of several 

different sections to obtain maximum absorption efficiency. Process water is fed to the top of 

the absorber and flows counter-current to the gas flow at a rate that depends on the desired 

formaldehyde concentration of the final product. The heat of absorption is removed by both 

internal and external cooling. Part of the heat is utilised in the process in order to optimise the 

energy utilisation in the plant. Dependent on application, formaldehyde solutions of 37–

60 % w/w are produced. As the conversion of methanol is highly efficient, the levels of 

methanol in formaldehyde product can be as low as 0.2–0.3 %w/w. As with all formaldehyde 

processes, the methanol content can be further reduced by distillation (with the methanol being 

recycled to the reactor). 

 

The off-gas from the absorber contains traces of unreacted methanol, carbon monoxide, 

dimethyl ether and formaldehyde. Part of the off-gas stream is recycled to the process and the 

rest is sent to a catalytic incinerator. 

 

Catalytic incineration of emissions 

The absorber exhaust gas is not directly combustible in an incinerator as the oxide process is a 

full oxidation reaction and the waste gases have a low concentration of organics. The exhaust 

gas is therefore oxidised over a catalytic bed of noble-metal catalyst. The exothermic reaction 

can produce steam in an integrated steam generator and also preheats the absorber off-gas 

before it enters the incinerator. The profitability of producing steam is checked on a case-by-

case basis. The metal oxide catalyst process can be summarised as follows. 
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Figure 10.3: Process flow diagram for formaldehyde production using the metal oxide process 

 

10.2.3 Other than normal operating conditions 
 

10.2.3.1 Specific other than normal operating conditions 
 

The following operations deviate from the stable and normal operating procedures. 

 

 Start-up: filling the plant could result in displaced gases that need to be vented. If the 

off-gases cannot be burnt in the off-gas treatment system, VOC emissions can be 

expected during start-up before burning the gas is permitted. Permission is given when 

oxygen in the off-gas after start-up is below 3 % for a short period of time. 

  

Formaldehyde emissions also occur during plant start-up. Various start-up procedures 

are used, but the reaction gases are routed to the absorption column. The reactor feed 

rate varies as the start-up proceeds. Initially, the reactor produces mainly CO and water 

vapour, but as the temperature rises, the formaldehyde yield increases, increasing the 

amount of formaldehyde in the vent gas [Rentz, 1999 #114].  

 

The oxide process operates below the explosive limit of methanol with an excess of air 

resulting in stable reactor conditions during start-up, and so venting is not required and 

there are no intermittent start-up emissions. 

 

 Shutdown: the silver process is allowed to vent process tail gas to atmosphere at 

shutdown for a short time as a safety requirement if no off-gas treatment is possible.  

 

 Overheating during reaction: if problems removing the heat of reaction result in too 

high a temperature rise, the amount of methanol that is converted to CO, etc. will rise. 

The process control system could constantly monitor the temperature, and make an 

appropriate intervention in the event of a problem, possibly including shutting down the 

process.  

 

 Overheating during absorption: heat is generated during the absorption step. 

Consequently, if there is a problem with the removal of this heat the efficiency of the 

absorption process may reduce due to an increase in temperature. It is therefore 

expected that the plant's control system would constantly monitor the temperature, and 

make an appropriate intervention in the event of a problem, possibly including shutting 

down the process. 

 

 Malfunction of the absorber: any problem with the supply of water to the absorption 

columns might result in a reduction in absorption efficiency. It is therefore expected that 

the plant's control system would constantly monitor the water feed rate, and make an 

appropriate intervention in the event of a problem, possibly including making use of a 

separate supply, e.g. in a dump tank.  
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 Other examples of malfunctions include: catalyst poisoning, malfunction of the off-gas 

treatment system (thermal oxidiser, catalytic oxidiser, combustion plant, etc.)   

 

10.2.3.2 Generic other than normal operating conditions 
 

See Generic Chapter in LVOC BREF. 

 

The following operations deviate from standard operating procedures in formaldehyde 

manufacturing plants. 

 

 Shutdown for maintenance preparation: when the plant is shut down its inventory will 

need to be removed, and a process of purging may be employed in order to eliminate 

hazardous substances (and ethylene oxide in particular), particularly where maintenance 

activities are anticipated. Equipment flushing, higher load to WWT, potential emission 

to surface water (rain water) header.  

 Malfunction of pressure control: a problem with a storage tank’s pressure control 

system (possibly the nitrogen supply valve, or a terminal PSV) could result in ongoing 

emissions. This could be a particular issue where pressurised nitrogen filling operations 

are practised. 

 Malfunction of temperature control: a problem with the supply of chilled cooling 

service (due to a stuck valve, pump failure, control loop issue, etc.) could lead to 

ʻboilingʼ and therefore an over-pressurisation that might lead to an emission. 

 Malfunction of abatement: a problem with any scrubber or oxidiser whose duty is to 

abate emissions from storage. 

 Containment losses greater than normal in systems that operate under vacuum. This will 

increase ejector water/steam usage, net emissions to water or air. 

 Plant idle due to loss of containment: corrosion or rupture disk. 

 Service or utility failure: malfunction of cooling water and/or chilled water; power, 

DCS, instrument air. 

 

The frequency of all these events is set out in the table below; the information is based on data 

over a five-year period. 
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Table 10.2: Frequency of other than normal operating conditions in formaldehyde plants 

Event 
Frequency (year

-1
) 

Min Max Ave 

Routine start-up 2.0 33.0 6.4 

Shutdown  1.0 34.0 5.3 

Low plant rate due to force 

majeure 

0.0 20.0 2.1 

Malfunction of utility 

(such as CW) 

0.0 20.0 1.9 

Technical maintenance of 

shared off-gas treatment 

system 

0.0 4.0 2.0 

Malfunction of shared off-

gas treatment system 

2.0 3.0 2.3 

Trips/interlock for safety 

shutdown of the plant 

0.0 8.0 1.4 

Corrosion event leading to 

loss of containment 

0.0 0.4 0.0 

Catalyst aging: changes in 

operating conditions to 

overcome it 

0.0 30.0 4.3 

Plugging due to oligomers, 

tars or catalyst 

0.0 3.0 0.2 

Catalyst regeneration 

operations 

0.0 1.0 0.1 

Local government 

maintenance 

0.0 10.0 1.1 

Catalyst replacement 0.2 2.0 1.2 

 

10.2.4 Equipment important for environmental protection 
 

The following systems perform important operations for environmental protection and require 

the longest uptime possible. 

 

 Air 

o shared oxidiser for vent treatment; 

o recycled gas control in oxidation loop; 

o CO2 system. 

 Water 

o stripping. 

 Waste 

o catalyst management system/procedures. 
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10.3 Current emission and consumption levels 
 

10.3.1 Emissions to air 
 

In the silver process, the primary source of formaldehyde process emissions is the purging of 

gases from the secondary absorber. The product fractionator (distillation column) is another 

possible formaldehyde emission source, but most producers feed the fractionator gases to the 

absorber before venting.  

 

The oxide process operates below the explosive limit of methanol with an excess of air 

resulting in stable reactor conditions during start-up, and so venting is not required and there are 

no intermittent start-up emissions. Formaldehyde process emissions result from venting gases 

from the product absorber. The emission composition and flow rates are affected by the 

percentage of absorber gas recycled. By recycling a portion of the oxygen-lean vent gas, the 

oxygen concentration in the reactor feed mixture can be reduced, making it possible for the 

concentration of methanol to be increased without forming an explosive mixture. This reduces 

the volume of reaction gases and thus reduces the emission rate of formaldehyde from the 

absorber [Rentz, 1999 #114]. 

 

For both the silver and oxide processes, the off-gas from the formaldehyde absorption column is 

the only continuous waste gas stream. Its' composition before and after treatment (thermal or 

catalytic incineration) is given in Table 10.3. 
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Table 10.3: Waste air streams before and after treatment 

 Silver process Oxide process 

Before 

Treatment 

Gas volume (Nm
3
/t 

100 % formaldehyde) 

1 500–1 700 2 300–2 400 

Nitrogen and argon (% 

v/v) 

65–75 91–93 

Hydrogen (% v/v) 18–23 - 

Oxygen (% v/v) - 5–7 

Carbon dioxide (% v/v) 4 - 

Formaldehyde  0.04–1.6 kg/t 

formaldehyde 

150–700 mg/Nm
3
  

(9 % of all VOCs) 

Methanol  

(kg/t formaldehyde) 

6–8 500–2000 

(18 % of all VOCs) 

Carbon monoxide 10–14 kg/t 

formaldehyde 

 10–20 000 (
1
) mg/Nm

3
 

Dimethyl ether (DME)  6–10 000 

(73 % of all VOCs) 

Other components water, methyl formate carbon dioxide 

After 

Treatment (
2
) 

Gas volume (Nm
3
 dry 

basis/t 100 % 

formaldehyde) 

2200 2300–2400 

CO (mg/Nm
3
)  50–150 20–50 

CO (kg/t 100 % 

formaldehyde) 

0.1–0.3 0.05–0.1 

NOX (as NO2)  150–200 mg /Nm³ 

0.3–0.45 kg/t 100 % 

formaldehyde 

Virtually none 

(max. 50 mg/m³) 

Formaldehyde 

 

0.0004 kg/t product. 

0.15 mg/m³ (TA Luft 

limit value is < 5 

mg/Nm
3
 

Dimethyl ether (DME)  < 50 mg/Nm
3
 

Methanol  < 15 mg/Nm
3
 

VOC as total carbon 
 

0.6 mg/m³ 

0.0016 kg/t product 

Dust 
 

0.2 mg/m³, 

0.0005 kg/t 
General: CEFIC data do not quote reference conditions for gas concentrations but assumed to be on a dry basis at 

normal temperature and pressure. Sampling intervals and oxygen concentration after oxidation are unknown. 

(1) High CO content may be an indication of catalyst poisoning. Although the figure is extreme, the emission control 

system (e.g. incinerator) may have to handle it. 

(2) Treatment is thermally in the case of the silver process and catalytically in the case of the oxide process. 

Source: [CEFIC, 2000 #87] [EC VOC Task Force, 1990 #116] [Environment Agency (E&W), 1998 #1]  

[UBA (Germany), 2000 #91] 

 

 
Table 10.4: Emissions from a Swedish formaldehyde plant in 1998 

Variable Emission in 1998 (tonnes) Specific emission (kg/tonne 

feedstock) * 

VOC 11 0.11 

CO 25 0.25 

TOC 7.7 0.08 
* Based on methanol consumption of 101 000 tonnes 

Source: [SEPA, 2000 #76] 

 

The lean gas from an Austrian formaldehyde plant (silver process) has a calorific value of 

approximately 2 000 kJ/m³. Approximately two thirds of the produced lean gas is used for the 

production of electricity in gas engines. The rest is used for steam production in two steam 

boilers.  
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The combustion of the lean gas in the gas engines produces electrical energy (2 352 kW at an 

electrical efficiency 34 %). The exhaust gas of these gas engines is led to catalytic converters to 

oxidise the CO of the exhaust gas. Steam boilers use the waste heat of the gas engines exhaust 

to produce 1 300 kg/h steam at 10 bar (855 kW). Further energy is recovered by preheating the 

boiler feed water with the cooling water of the gas engines (12 000 kg/h,  T = 60 °C, 835 kW). 

The remaining energy is lost via the mixture cooler, oil- and water cooler and by radiation of the 

engines. The overall energy utilisation is 57–67 % and the heat utilisation is 23–33 %. Due to 

the low combustion temperatures the formation of NOX is low. The amount of CO and unburnt 

H2 in the exhaust gases is reduced due to the use of catalytic converters. The emission limits and 

the actual emissions of the gas engines can be found in line 2 of Table 10.5. The costs for the 

power plant, the steam storage tank and the additional waste heat boiler were approximately 

EUR 3.63 million. 

 

The rest of the lean gas (approximately one third), which is not used for electricity production in 

the gas engines, is used for steam production in two flame tube boilers. The emission limits and 

the current emission levels of these two steam boilers are also presented in Table 10.5 (lines 3 

and 4). The influence of the use of natural gas as additional fuel in the steam boilers can also be 

seen in this table. Natural gas addition produces higher NOX but lower CO emissions (see line 3 

of Table 10.5) [Austria UBA, 1999 #64]. 

 

 
Table 10.5: Air emissions from gas engines and steam boilers on an Austrian formaldehyde 

plant  

Source 
CO NOX Total carbon Dust 

Limit Actual Limit Actual Limit Actual Limit Actual 

Gas engine 

(
1
) 

150 55 100 12 - 10   

Steam boiler 

3 (
2
) (

3
) 

100 < 2 200 21 20 < 2 10 < 2 

Steam boiler 

2 (
2
) (

4
) 

100 79 200 4 20 < 2 10  

All values as half hour mean values in mg/m³ 

Note 1: oxygen content 5 Vol %, dry exhaust gas at normal state (0 ºC and 1 013 mbar) 

Note 2: oxygen content 3 Vol %, dry exhaust gas at normal state (0 ºC, 1 013 mbar) 

Note 3: on feed of natural gas (126–128 m³/h) and lean gas (4 578–4 825 m³/h). Boiler 3 built in 1998. 

Note 4: on feed of natural gas (1–2 m³/h) and lean gas (2 800–3 600 m³/h). Boiler 2 built in 1962. 
Source: [Austria UBA, 1999 #64] 

 

Table 10.6 gives a summary of emission factors (derived from a literature search) for 

formaldehyde plants and demonstrates the impact of some techniques. 
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Table 10.6: Review of air emission factors for formaldehyde plants  

 NMVOC (g/t product) VOC (g/t product) 

Oxide process 

Absorber – prior to treatment 

Absorber – thermal oxidation 

470 

0.9 
 

Fugitives – uncontrolled 

Fugitives – quarterly I/M of 

pumps and valves 

Fugitives – monthly I/M of 

pumps and valves 

Fugitives – monthly I/M of 

pumps and valves and use of 

mechanical seal pumps and 

rupture disks 

470 g/h 

220 g/h 

 

130 g/h 

 

63 g/h 

 

Start-up  0 

Overall  3 000–5 000 8 000 

Silver process 

Absorber – prior to treatment 

Absorber – thermal incinerator 

Absorber – flare 

380 

7.6 

76 

 

Product fractionator – 

uncontrolled 

Product fractionator – recycling 

to absorber 

Product fractionator – water 

scrubber 

330 

 

0 

 

17 

50 

Fugitives – uncontrolled 

Fugitives – quarterly I/M of 

pumps and valves 

Fugitives – monthly I/M of 

pumps and valves 

Fugitives – monthly I/M of 

pumps and valves and use of 

mechanical seal pumps and 

rupture disks 

700 g/h 

300 g/h 

 

220 g/h 

 

63 g/h 

 

Start-up 100 100 

Overall 3 000–5 000 6 500 
N.B. The fugitive emissions will depend not only on the Inspection and Maintenance (I/M) routine, but also factors 

such as the plant status, the quality of the equipment used, the products handled, and the efficiency of the leak repair. 

Source: [Rentz, 1999 #114] 

 

10.3.1.1 Emissions to air from the reaction section 
 

 Some of the process gases leaving the final stage of the formaldehyde absorption step in 

both the total and partial methanol conversion routes may be recycled to the initial feed 

vaporisation step.  

 The process gases leaving the absorber section that are not handled in this way will be 

routed to a commonly used abatement devices or be reused for beneficial combustion 

for the total and partial conversion routes respectively. 

 

The compounds that can be found in these vent streams are detailed below.  

 

Inerts 

 As air is employed in the process, the majority component of the process gases that 

leave the process will be nitrogen. Argon, etc. introduced in the air feed will also be 

present in the vented process gases in small quantities. 

 

VOCs 

 The process gases will have the potential to contain some unreacted methanol, 

particularly where the partial methanol conversion route is employed.  
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 They also have the potential to contain only residual levels of formaldehyde.  

 Silver process: the by-products are methyl formate and formic acid. The total by-

product generation is below 10 mole%. As both methyl formate and formic acid are 

soluble in water, it is expected that these would be at least partially removed during the 

formaldehyde absorption step within the process.  

 Metal Oxide process: some dimethyl ether will be formed as a reaction by-product, 

although this should be present in only relatively small quantities under normal 

operating conditions. 

 

Hydrogen 

 Silver is a reaction co-product, so the process gases will contain significant levels of 

hydrogen (possibly as high as 20–25 vol % H2).  

 Unlike the silver catalyst process, the process gases from the metal oxide catalyst 

process will contain little or no H2, and the levels of combustible substances such CO, 

formaldehyde, methanol and dimethyl ether should be low under normal operating 

conditions. It is therefore much less certain that the process gases will be thermally 

oxidised, and alternative strategies (such as catalytic oxidation) may therefore be 

employed instead 

 

CO2 from the reaction  

 The inevitable full oxidation of some methanol will result in the formation of carbon 

dioxide, which will be present in the process gases. Also, the process gases may be 

combusted in one way or another, which may ultimately give rise to combustion gases 

that will contain CO2 that has arisen from a mixture of sources, i.e. the process and 

either abatement or energy generation where a carbon-containing support fuel is used.  

 

NOX from the reaction 

NOX can be formed in the reaction and from cross-media effect of the abatement devices based 

on combustion. There is also the potential for the formation of NOX whenever thermal oxidation 

is practised, particularly given the potential effect of the hydrogen in the process gases on flame 

temperature, although the mode of combustion will be another factor that will influence the 

amount of NOX that will be generated during any combustion. 

 

 The concentration of 50 mg NO2/Nm
3
 (indicated to be equivalent to 0.3 kg NO2/tonne 

of 100 % formaldehyde). 

 Metal Oxide process: the concentration of < 10 mg NO2/Nm
3
.  

 

CO from the reaction abatement unit 

 The concentration of 150 mg CO/Nm
3
 (indicated to be equivalent to 0.1 kg CO/tonne 

100 % formaldehyde).  

 MO process: the concentration of < 20 mg CO/Nm
3
 (indicated to be equivalent to 0.05 

kg CO/tonne 100 % formaldehyde).  

 

10.3.1.2 2013 EIPPCB questionnaire 
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Information from the 2013 EIPPCB questionnaire is shown in the tables below.  Tables 10.8 and 

10.9 show current emission values downstream of the abatement plant. 

 
Table 10.7: Emissions monitoring methods 

Parameter Monitoring Method Frequency Ave Sampling Period 

CO 
NS-EN 15058 

ASTM-D-6522_00 

Periodical (yr) to 

continuous 
3 x 30 mins 

NMVOC 
NIOSH 1610:2003 

UNE-EN 12619 

Periodical (yr) to 

continuous 
3 x 20 mins 

Methanol 
UNI EN 13649:2002 

NIOSH 2000:1998 
monthly or bimonthly 3 x 20/30 mins 

FA  monthly or bimonthly 3 x 20/30 mins 

NOX ASTM-D-6522_00 yearly 1 hour 

SO2 ASTM-D-6522_00 yearly  

Dust UNE-EN13284 yearly  

Data from 2013 EIPPCB questionnaire 

 

 
Table 10.8: Emissions to air (concentration) 

Conc 

(mg/Nm
3
) 

Plant 

#10 #22 #26 #32 #63 #25 #12 

CO 1.2–41.2 5 ÷ 50 4–22 41–120  19.5 

(11 % O2) 

 

other    25–27    

NOX   45–54 18–40  0.69 

(11 % O2) 

 

NMVOC 2.7–9.8 3 ÷ 20  3–5    

Methanol < 0.1–1.5 0.1 ÷ 1      

PM        

FA 0.1–4.3 2 ÷ 15  0.3–4   0.8–1.14 
N.B. 1: plant 22 has a dedicated catalytic oxidation unit with noble metal catalyst using air preheat 

N.B. 2: plant 25 has a 6-section absorber with temperature control and the emission stream is burnt in furnace with 

low-NOX burners and air monitoring 

Data from 2013 EIPPCB questionnaire 

 

 
Table 10.9: Emissions to air (load) 

Load (kg/t 

FA) 

Plant 

#10 #22 #26 #32 #63 #25 #12 

CO 0.122 10 ÷ 100 0.05–

0.30 

0.5–3 0.01–0.04   

other    0.4–0.6    

NOX   0.4–0.7 0.3–1 0.06–0.1   

NMVOC 0.025 0.006 ÷ 

0.040. 

 0.05–0.12    

Methanol 0.0044       

PM        

FA 0.011 0.004 ÷ 

0.030 

 < 0.1    

N.B. 1: plant 22 has a dedicated catalytic oxidation unit with noble metal catalyst using air preheat 

N.B. 2: plant 25 has a 6-section absorber with temperature control and the emission stream is burnt in furnace with 

low-NOX burners and air monitoring 

Data from 2013 EIPPCB questionnaire 
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10.3.1.3 Other sources 
 

Fugitives 

See the CWW BREF on fugitive emissions. The VOCs include substances such as 

formaldehyde, methanol, dimethyl ether (for the metal oxide catalyst process) and methyl 

formate. 

The silver and oxide processes both run close to atmospheric pressure and so there is little 

pressure gradient to force fugitive emissions. Emissions from maintenance activities are 

negligible because it is easy to rinse residues from process equipment (both formaldehyde and 

methanol are water-soluble), but minor emissions do occur for infrequent, short periods (e.g. 

during filter cleaning). VOC releases mainly consist of methanol and formaldehyde.  

 

VOC emissions to air from storage  

See the EFS BREF. Vents containing VOCs may occur from loading and unloading operations 

or from the purge of the equipment prior to a maintenance operation. Emissions during 

methanol and formaldehyde handling can occur from the decoupling of pipe connections, when 

the connections are not properly emptied before decoupling.  

 

Emissions to air from combustion processes  

See the LCP BREF. Steam boilers or hot oil furnaces that supply heating fluid utilities can be 

dedicated to the EO plant or shared with nearby installations. These emissions may also include 

the combustion of non-conventional (non-commercial) fuel such as the tar stream generated in 

fractionation section. Pollutants are obviously SOX, NOX, COX, dust, etc. 

 

Other than normal operations: dust emitted in shut blowing. 

 

Further emissions may arise from storage breathing and fugitives. Emissions data are given in 

Table 10.10 and 10.10 for Swedish and Dutch formaldehyde plants, respectively. 

 

 
Table 10.10: VOC emissions from formaldehyde storage and handling  

 
Emission factor from storage vents (g/t product) 

Prior to treatment After treatment 

Storage – silver process  30 3 (with scrubber) 

0.6 (with thermal oxidation) 

Storage – oxide process 30 3 (with scrubber) 

Handling – both processes 10 0.4 (vapour recovery) 
Source:[Rentz, 1999 #114] 
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Table 10.11: Air emissions from Dutch formaldehyde plants  

 
Source Type  Emission factor 

(kg/tonne of product) 

Concentration 

(mg/Nm
3
) 

Silver 

Process 

 

Thermal 

incinerator 

Point 

(combustion) 

CO2 

CO 

NOX 

108 

0.070 

0.043 (
3
) 

  

Storage, 

loading/ 

unloading 

Point 

CH2O 0 or 0.007 

  

Various 

sources 

(flanges, 

pumps) 

Fugitives of 

formaldehyde, 

methanol, hot 

oil (
2
) 

NOX 
CH2O 

MeOH 

  

Oxide 

Process 

Catalytic 

incinerator 

Point 

(combustion) 

CH2O 

MeOH 

DME 

0.0028 

0.0017 

0.0022 

CH2O 

MeOH 

DME 

3.2 

2.0 

2.5 

Various 

sources, 

(flanges, 

pumps) 

Fugitive 

emissions of 

formaldehyde, 

methanol, hot 

oil (
1
, 

2
) 

CH2O 

MeOH 

DME 

hot oil 

0.0006 

0.0007 

2 x 10
-6

 

4 x 10
-6

 

  

(1) Fugitive emissions are measured based on emission factors and now show much lower levels (3 to 80 times). The 

calculation of fugitive emissions by emission factors gives rather exaggerated results. 

(2) Fugitive emissions are relatively independent of throughput so figures expressed in kg per tonne production have 

little significance. The figures given are based on 100 kt/yr capacity. 

(3) NOX emission is much lower than the CEFIC data, probably due to low combustion temperatures in the thermal 

incinerator. 

Source: [InfoMil, 2000 #83] 

 

 

10.3.2 Emissions to water 
 

Under routine operating conditions, the silver and oxide processes do not produce any 

significant continuous liquid waste streams. Effluents may arise from spills, vessel wash water 

and contaminated condensate (boiler purges and cooling water blowdown that are contaminated 

by upset conditions such as equipment failure). Many of these streams can be reworked into the 

process to dilute the formaldehyde product. Arisings may occur because of incidents or from the 

rinsing of equipment prior to maintenance activity. It is good practice to place installations on a 

kerbed concrete floor, and to collect any spills in a tank.  

 

In some cases: Due to the high inhibition effect of formalin to biodegradation, for biological 

treatment of wastes containing formaldehyde, it was found essential to apply on-site 

pretreatment for these constituents at their sources, before being collected with other wastes and 

before entering biological treatment.  

 

In many cases: The aqueous effluent streams are treated in central facilities together with other 

streams, and this makes it difficult to establish the true contribution to the overall emissions. 

Discontinuous waste water streams are also present. The rinsing of process equipment, for 

example prior to maintenance, creates a weak stream of hydrocarbons. The number of cleaning 

operations is highly dependent on the maintenance regime, and the frequency of discharge may 

range from ten per year to once every five years.  

 

A German oxide plant is reported [UBA (Germany), 2000 #91] to have untreated effluent with a 

COD of 8 720 mg/l (0.5 kg COD/tonne product). Biological treatment reduces the COD to 100 

mg/l, (0.008 kg COD/tonne product) in a waste water volume of 0.07 m
3
/tonne product. 

 

The typical characteristics of these process effluents are: 
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 purge in process to reduce water impurities, corrosion: algicide, biocide, descaling 

agent, FA, MeOH, N, DCO, DBO and diluted formalin; 

 effluent from resin regeneration: FA, sodium formate, sodium hydroxide. 

 

10.3.3 Raw material consumption 
 

All the formaldehyde process routes are net producers of steam due to the exothermic reaction. 

There is a strong link between the consumption of methanol and the rate of steam production. 

The main losses of methanol are from over-oxidation reactions (that produce carbon monoxide 

and carbon dioxide) but these reactions are far more exothermic than the reaction producing 

formaldehyde. Therefore, when more methanol is combusted to carbon monoxide and/or carbon 

dioxide, more heat is generated and more steam is produced, but the methanol yield is lower 

[CEFIC, 2000 #87]. This trade-off is shown in Table 10.12 for the production of one tonne of 

100 % formaldehyde by different routes. 

 

 
Table 10.12: Trade-off between yield, steam export and electricity consumption  

 Silver process - Total 

methanol conversion 

Silver process - Partial 

methanol conversion 

Oxide process 

Methanol yield (%) 87–90 87–90 91–94 

Methanol consumption 

(kg/ tonne of 100 % 

formaldehyde) 

1 185–1 226 1 185–1 226 1 135–1 170 

Net steam export (t/t of 

100 % formaldehyde) 

2.6(
1
) 0.4 2.0 

Electricity consumption 

(incl. off-gas 

combustion)  

100 100 200–225 

(
1
): Roughly 45 % of this figure is due to off-gas combustion 

Source:[CEFIC, 2000 #87] 

 

The silver process typically consumes more methanol than the oxide process. The significance 

of this difference will depend on the methanol price and is partly offset by the higher rate of 

steam production. In terms of energy use, the silver process has moderate electricity 

consumption, because the process operates close to atmospheric pressure and the smaller gas 

volumes allow the use of smaller blowers. Electricity consumption in the oxide process is higher 

because the process gas is lean in methanol and the air content of the circulating gas is higher, 

which results in higher gas volumes. 

 

Although the dehydrogenation reaction that is at the heart of the silver catalyst process is 

endothermic it can proceed because of the exothermic oxidation of some of the hydrogen that is 

produced from the dehydrogenation reaction. This mode of heat liberation does not result in the 

wastage of any of the methanol raw material. However, other oxidation reactions can occur, 

notably of methanol and formaldehyde. These also liberate heat, but result in the direct or 

indirect consumption of methanol. This additional heat is therefore obtained at the expense of an 

increased specific methanol consumption rate.  

 

In the metal oxide process, the conversion of methanol to formaldehyde is exothermic in overall 

terms. However, some of the formaldehyde that is produced can be further oxidised, liberating 

more heat as a result. This heat is obtained at the expense of an indirect increase in the specific 

methanol consumption. 

 

The issue of specific methanol consumption is therefore closely related to the net energy 

consumption/export of the process. This is because the major factor influencing the proportion 

of methanol that is converted into formaldehyde is generally the extent to which methanol is 

over-oxidised. 
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10.3.4 Energy consumption 
 

The formaldehyde production process is both a consumer and a producer of energy. 

 

These are the values of energy-related utilities per tonne of 100 % FA: 

 

 electricity (kWh)               x-y 

 steam (kWh)                 x-y 

 total (kWh)                   x-y 

 energy recovery (kWh)   x-y 

 

[Request to TWG: EIPPCB request additional data to populate the bullet points above.] 

 

10.3.5 Co-products, by-products and waste generation 
 

Almost all of the spent catalyst from reactors and off-gas oxidation can be regenerated and as a 

result there are minimal catalyst wastes for disposal.  

 

A small build-up of solid para-formaldehyde may occur (principally at cold spots in equipment 

and pipes) and is removed during maintenance activities. Filters may also be used in the 

purification of formaldehyde product and this generates spent catalyst. 

 

In the oxide process, the heat transfer fluid is periodically checked and in rare cases is changed. 

Spent fluid is most frequently sent to a reclaimer (for recycling) or incineration. 

 

Waste arisings from Dutch and German formaldehyde plants are given in Table 10.13. 

 

 
Table 10.13: Waste arisings from Dutch and German formaldehyde plants  

Source  Destination Emission factor (kg/tonne product) 

The Netherlands Germany 

Reactor catalyst (Silver) Recycling 0.04–0.1  

Reactor catalyst (Fe/Mo 

oxide on carrier) 

Recycling 0.06 0.01 

Catalyst from off-gas 

incinerator (Pt on carrier) 

Recycling 0.002 (
1
)  

Oil/filters Disposal 0.06 0.5082 

Domestic, sewer sludge Disposal - 
(1) CEFIC give a figure of 0.015 kg/t 100 %, with the spent platinum catalyst being recycled. 

Source:[InfoMil, 2000 #83] [UBA (Germany), 2000 #91] 

 

Spent ion exchange resins are generated at a rate of 0.03–0.06 kg/t of FA; they are replaced 

approximately every six years. 

 

Some sites also operate an integrated para-formaldehyde plant producing up to 300 kg/t of FA. 
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10.4 Techniques to consider in the determination of BAT 
 

This section describes techniques (or combinations thereof), and associated monitoring, 

considered to have the potential for achieving a high level of environmental protection in the 

activities within the scope of this chapter. The techniques described will include both the 

technology used and the way in which the installations are designed, built, maintained, operated 

and decommissioned. 

 

It covers process-integrated techniques and end-of-pipe measures. Waste prevention and 

management, including waste minimisation and recycling procedures are also considered, as 

well as techniques that reduce the consumption of raw materials, water and energy by 

optimising use and reuse. The techniques described also cover measures used to prevent or to 

limit the environmental consequences of accidents and incidents, as well as site remediation 

measures. They also cover measures taken to prevent or reduce emissions under other than 

normal operating conditions (such as start-up and shutdown operations, leaks, malfunctions, 

momentary stoppages and the definitive cessation of operations). Cross references to other 

chapters are used, where relevant to avoid repetition. 

 

Annex III to the Directive lists a number of criteria for determining BAT, and the information 

within this chapter will address these considerations. As far as possible, the standard structure in 

Table 2.3 is used to outline the information on each technique, to enable a comparison of 

techniques and the assessment against the definition of BAT in the Directive. 

 

This chapter does not necessarily provide an exhaustive list of techniques which could be 

applied. Other techniques may exist, or may be developed, which could be considered in the 

determination of BAT for an individual installation.  

 

10.4.1 Techniques to reduce emissions to air 
 

10.4.1.1 VOC-related measures in the reaction off-gas 
 

Once formaldehyde has been absorbed from the reaction gas, a wet off-gas remains. This 

resulting stream contains small amounts of VOCs (methanol, formaldehyde). Further 

components are typically carbon monoxide, carbon dioxide, nitrogen; 

  

 and oxygen in the case of the oxide process,  

 and hydrogen in the case of the silver process.  

 

As this stream is the major individual source of emissions to air, whatever abatement device 

selected is normally shared with the rest of the vents from the installation.  

 

See the end-of-pipe section in this chapter. 

 

10.4.1.2 NOX-related measures in the reaction off-gas 
 

NOX emissions can potentially be reduced by the use of one or more of the techniques in the 

LVOC BREF generic techniques to consider section. 

 

Selection of process route 

 [Request TWG feedback on this technique.] Data show that each process route is more 

efficient for certain pollutants to air. 

Catalytic oxidation and thermal oxidation 

 The catalytic oxidation abatement device will lead to less cross-media effects 

(emissions of COX and NOX) than thermal oxidation. 
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10.4.1.3 CO from the reaction abatement 
 

CO emissions can potentially be reduced by the use of one or more of the techniques in the 

LVOC BREF generic techniques to consider section. 

 

Selection of process route 

 [Request TWG feedback on this technique.] Data show that each process route is more 

efficient for certain pollutants to air. 

Catalytic oxidation and thermal oxidation 

 The catalytic oxidation abatement device will lead to lower cross-media effects 

(emissions of COX and NOX) than thermal oxidation. 

 

10.4.1.4 Emissions to air from fractionation 
 

See the LVOC BREF Generic Chapter. 

 

10.4.1.5 End-of-pipe techniques 
 

Condenser and cryogenic condensers 

 See the CWW BREF. 

 

Thermal oxidation 

See the CWW BREF. The off-gas is combusted to prevent emissions to air and to recover the 

calorific value, but the type of combustion depends on its heating value. 

 

In the silver process, the off-gas has high heating value (typically 2 200 kJ/Nm
3
 or 4 700 MJ/t 

100 % formaldehyde) because it contains excess hydrogen. This is due to the fact that the silver 

process operates under air deficit and this leads to free hydrogen resulting from the methanol 

dehydrogenation reaction. The off-gas is therefore amenable to thermal combustion. The 

combustion can be in a dedicated thermal oxidiser with steam production or in a central boiler 

plant. The emission performance of a dedicated thermal oxidiser is given in previous sections. 

Thermal incineration has an estimated efficiency of 99.8 % [InfoMil, 2000 #83]. The stack 

exhaust gas contains nitrogen, water, carbon dioxide, carbon monoxide and nitrogen oxides. 

 

Catalytic oxidation 

In the oxide process, the off-gas has a low heating value (typically 500 kJ/Nm
3
 or 1 100 MJ/t 

100 % formaldehyde). Off-gas from the oxide process can be burnt in an existing central boiler 

plant but this tends to reduce the steam production capacity. More efficient combustion is 

provided by catalytic oxidation. Catalytic oxidisers have typical operating temperatures of 300–

500 ºC and a conversion efficiency to carbon dioxide and water of 99.7–99.8 %. Typical Pd/Pt 

wire catalysts on a A12O3 support have a four to six-year lifetime. Running costs are very low as 

manpower and maintenance are usually accounted for on the formaldehyde plant. 

 

The heat transfer fluid used in the oxide process has a vapour pressure and will incur breathing 

losses. Vents from the heat transfer fluid circuit in the oxide process are oxidised in the catalytic 

oxidiser. 

 

Steam production from catalytic oxidisers is small and the feasibility of raising steam this way 

is determined by local circumstances. However, it is estimated that a catalytic unit can produce 

5 000 tonnes of steam per year and if this is charged out at, a conservative, GBP 6 per tonne, 

then this yields an income of GBP 30 000 per year [Environment Agency (E&W), 1998 #1].  

 

The emission performance of a dedicated catalytic oxidiser was given in previous tables. It is 

reported [Environment Agency (E&W), 1998 #1] that the German emission limit of 5 mg/Nm
3
 

formaldehyde is just achievable. Other limits are typically 100 mg/Nm
3
 carbon monoxide and a 

total of 75 mg/Nm
3
 for other organic compounds such as DME (dimethyl ether). Compared to 

thermal oxidation, catalytic oxidation leads to virtually no NOX and lower CO emissions. 
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Recover energy from vent stream (calorific values) 

Given the likely high hydrogen content (and therefore probable high calorific value) of the 

process gas purge stream, it could be combusted beneficially alone or along with commercial 

and/or other non-commercial fuels in order to recover energy.  

 

Wet gas scrubber 

A suitable combination of absorbers will have the dual effect of satisfying a process objective 

(i.e. maximising formaldehyde and possibly methanol recovery) and reducing emissions to air – 

this is therefore arguably at least partly a process-integrated, rather than an end-of-pipe 

abatement, technique.  

 

10.4.1.6 Fugitive emissions 
 

See the CWW BREF on fugitive emissions techniques and the LVOC BREF generic techniques 

to consider on ʻPrevention techniques for diffuse emissions of VOCsʼ. 

 

Targeted monitoring of pollutants in ambient air 

 See the LVOC BREF Generic Chapter. 

 The strong odour of formaldehyde (detection limit in the range of 1 ppm) warns 

operators of abnormal situations. For occupational health reasons, extensive measures 

have been taken by formaldehyde plants to prevent VOC releases (including fugitives). 

Formaldehyde leaks can be detected without a sophisticated monitoring system because 

of the strong odour.  

Corrosion avoidance best practices 

 See the LVOC BREF Generic chapter. 

Best practices in formaldehyde leaks 

 Formaldehyde solutions with high concentrations solidify when spilt. Vapour emissions 

from spills are therefore low and the resulting solid material can be easily removed. If 

vapours do escape from liquid formaldehyde spills then foams can be used to reduce the 

loss and water can be sprayed over the vapour cloud. 

LDAR 

 See the CWW BREF. Although it is difficult to predict the exact reductions in fugitive 

emissions that can be achieved by LDAR, it is reported that a quarterly inspection and 

maintenance programme (I/M) for pumps and valves has an overall efficiency for 

formaldehyde emissions of about 57 % (see Table 10.13). Monthly I/M for pumps and 

valves has an overall efficiency of about 69 %. The use of double sealed pumps, 

application of a rupture disk to relief valves, and monthly I/M for other valves has an 

overall efficiency of about 91 %. Double mechanical seals and rupture disks are 

virtually 100 % efficient in reducing emissions from pumps and relief valves [Rentz, 

1999 #114].  

Fugitive emissions are monitored indirectly through tests on the workspace formaldehyde 

concentrations to which operators may be exposed. The Occupational Exposure Limits (OEL) 

depend on national regulations, and  

 Table 10.14 shows data for a selection of European countries. 

 
Table 10.14: Occupational Exposure Limits for formaldehyde in Europe (March 1999) 

Country 
Formaldehyde Occupational Exposure Limit 

8-hour (as ppm) Short-term (as ppm) 

Belgium 1.0 2.0 

Denmark 0.3 0.3 

France 0.5 1.0 

Germany 0.5 0.5 

The Netherlands 1.0 2.0 

Sweden 0.5 1.0 

United Kingdom 2.0 2.0 
Source:[CEFIC, 2000 #138] 
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10.4.1.7 Storage 
 

See the EFS BREF. The storage tanks for methanol raw material and the various concentrations 

of aqueous formaldehyde product have emissions from breathing and from loading/unloading 

activities. The techniques that are available for reducing emissions of VOCs from storage under 

normal operating conditions, most if not all of which are described in the EFS BREF, include 

the following (among others). 

 

 The methanol storage vents are treated by thermal or catalytic oxidation over a noble 

metal, adsorption on activated carbon, or connection to the suction of the process air 

blower.  

 The formaldehyde storage vents are treated by thermal or catalytic oxidation, absorption 

in water or connection to the suction of the process air blower. 

 

Recover energy from vent stream (calorific values) 

Connection to the suction of the process air blower (only for formaldehyde storage vents), and 

provided the necessary safety precautions are in place. See the LVOC BREF generic chapter. 

 

Vapour return 

The back-venting of displaced gases, e.g. during tank filling, would help avoid emissions, 

although such an approach would not be feasible where pressurised nitrogen transfers are 

practised.  

 

Scrubbing 

Formaldehyde and methanol can be effectively removed from displaced gases in a scrubber. The 

effluent quantity could be reduced by employing a recirculating acidic scrubbing medium, 

although there would obviously be a need to purge the circuit. This purge stream is unlikely to 

be suitable for recovery, but it could be easily treated in any biological effluent treatment plant.  

 

Thermal or catalytic oxidation 

See the CWW BREF. This may be ordinarily employed.  

 

(Activated carbon) adsorption 

This may be ordinarily employed, although the cross-media consequence could be the need to 

handle/dispose of waste-activated carbon or another adsorbent.  

 

An appropriate formaldehyde storage temperature must be maintained as low temperatures 

(and/or concentration increase) cause the precipitation of para-formaldehyde, whilst formic acid 

tends to form at high temperatures. Stabilisers may be added to enhance storage but they should 

not interfere with further processing. Stabilisers are selected to be compatible with end-user 

requirements and examples are lower alcohols, urea and melamine [Ullmann, 1998 #80].  

 

In general terms, the size of storage tanks should be minimised but cognisance should be taken 

of the dynamics between the supply of methanol and use of formaldehyde so that interruptions 

to the continuous process are minimised. Storage capacity should consider the rate of usage of 

downstream processes and recognised downtime for maintenance. The storage of formaldehyde 

and methanol may also invoke the requirements of the Seveso Directive. 

 

10.4.1.8 Combustion gases 
 

Emissions from combustion plants where the principal objective is the production of energy, 

e.g. as steam, heat, electricity or combined heat and power, are outside the scope of this BREF. 

Full descriptions of all the emission control techniques that can be applied can be found in the 

LCP BREF. 
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10.4.2 Techniques to reduce emissions to water 
 

The LVOC BREF will address only effluent treatment at source and specific pretreatments. 

Most FA plants have a collective effluent header to a waste water treatment unit, e.g. recovery 

at source in collective effluent by stripping to remove formaldehyde upstream of WWT unit. 

 

Biological treatment in an on-site or off-site waste water treatment facility, taking necessary 

measures to ensure that the formaldehyde concentration does not inhibit biological degradation. 

 

Chemical precipitation 

See the CWW BREF. Due to the high inhibition effect of formalin to biodegradation, for 

biological treatment of wastes containing either formaldehyde, it is essential to apply on-site 

pretreatment for these constituents at their sources, before being collected with other wastes and 

before entering biological treatment  

 

For formaldehyde, addition of a calculated amount of sodium sulphite to the waste water reacts 

with formaldehyde forming sodium formaldehyde bisulphite, which is not only non-toxic to 

microorganisms but also a biodegradable substance; this allowed the microbial biodegradation 

to take place without inhibition when entering biological treatment. 

 

Reference: CONCEPTUAL DESIGN APPROACH FOR TREATING HIGH STRENGTH 

PHENOL AND FORMALIN WASTEWATER A. EL-Morsy Ahmed Water Eng. Dept., 

Faculty of Engineering, Tanta University, Tanta, Egypt Seventh International Water 

Technology Conference IWTC7 Egypt 1-3 April 2003 

 

Storage or retention/buffer capacity  

See the CWW BREF. Plants typically have retention tanks or sumps to collect the waste water 

streams and rainwater (with possible contamination).  

 

Rework formaldehyde effluents to process 

Most of the effluent arisings can be reworked into the process to dilute the formaldehyde 

product. Where this is not possible, effluents containing formaldehyde are readily degraded by 

biological treatment in an on-site or off-site WWTP.  

 

10.4.3 Techniques to reduce raw material consumption 
 

Process losses of methanol and/or formaldehyde occur through miscellaneous vents to air and 

water, flushing of the process unit, and incidental spillages, but the main losses are due to the 

reaction selectivity.  

 

The selectivity of the formaldehyde production reaction depends on closely interrelated factors 

such as the following. 

 

Reactor design 

 Group of engineering measures to optimise usage. 

 Reaction equipment: heat transfer capabilities, mechanical design. 

 Wall effects in the reactor can be responsible for poor product selectivity and are an 

important part of reactor design. If the throughput and reaction temperature have been 

optimised, then the formaldehyde production capacity increases in proportion to the 

reactor diameter. The largest known reactor (BASF in Germany) has a diameter of 3.2 

metres and a production capacity of 72 kt/yr (as 100 % formaldehyde) [Ullmann, 1998 

#80]. 

 In order to minimise the over-oxidation of methanol and the decomposition of 

formaldehyde to carbon monoxide, carbon dioxide and hydrogen, the residence time is 

very short (< 0.1 seconds). The reaction occurs at slightly elevated pressure and 

temperatures of 650–700 ºC.  
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Techniques to prevent/reduce VOC emissions related to the process and plant design  

 See the LVOC BREF generic chapter.  

 Flanges can be a significant source of fugitive losses and, to minimise losses, a 

European plant has installed a 50 m, one-piece (i.e. flange-less) absorption column that 

reduces maintenance and fugitive losses; (source: CEFIC subgroup meeting 26/01/00). 

 Process equipment is designed to operate either above or below the explosive range but 

is also protected with relief devices such as bursting discs and pressure relief valves. 

These devices require periodic inspection and replacement. 

 

Corrosion avoidance best practices 

 See the LVOC BREF generic chapter. 

 Formaldehyde solutions corrode carbon steel and so all exposed equipment must be 

made of corrosion-resistant alloy (e.g. stainless steel). Pipes that convey water or gases 

must be made of alloys that do not cause metal poisoning of the silver catalyst 

[Ullmann, 1998 #80].  

 

Catalyst selection, development 

 Catalyst: nature, age, activity/selectivity. 

 As changing a catalyst requires a total reactor shutdown lasting 12 hours (every 3 to 9 

months) for the silver process and 3–4 days (every 10 to 18 months) for the oxide 

process, this operation is carried out on a scheduled basis. Significant improvements 

have been made to the selectivity, activity, lifetime and structural stability of catalysts 

through research and development. In general, good catalysts provide improved yield, 

improved production capacity and product quality, have a reasonable lifetime and have 

a good price-to-performance ratio. 

 

Process optimisation: operating conditions 

 Temperature, gas flow rate and composition. 

 The methanol consumption rate can be reduced by reducing the proportion of methanol 

that is over-oxidised. Cross-media effect: However, doing so will reduce the amount of 

steam that is generated from the process, and this may cause problems with heat 

integration measures, particularly where formaldehyde production is combined with the 

manufacture of other processes with a net energy demand 

 

Distillation to recycle feedstock 

 Dependent on application, formaldehyde solutions of 37–60 %w/w are produced. As the 

conversion of methanol is highly efficient, the levels of methanol in formaldehyde 

product can be as low as 0.2–0.3 %w/w. As with all formaldehyde processes, the 

methanol content can be further reduced by distillation (with the methanol being 

recycled to the reactor). 

 

10.4.4 Techniques to reduce energy consumption 
 

Trade-off selectivity and energy generation 

 Electricity and steam are the two main utilities in formaldehyde production and their 

consumption is directly linked to process selectivity. The process selectivity is, in turn, 

a function of the carbon loss (as carbon monoxide and carbon dioxide) in the reactors. 

The lower the carbon loss, the higher the selectivity (i.e. less methanol is needed to 

produce each tonne of formaldehyde). However, the full oxidation of carbon is very 

exothermic (compared to the reactions producing formaldehyde) so high carbon loss 

produces more steam. A poor catalyst therefore produces large quantities of steam but is 

detrimental to methanol consumption. 

 

 As all formaldehyde units produce more steam than they consume it is important that 

there is efficient energy management at the overall site level. As long as the industrial 

site is able to consume the excess steam delivered by the formaldehyde unit, then the 
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steam excess can be maximised through heat recovery techniques from the hot process 

streams. 

Best practice gas compressors 

 The major electricity consumer of a formaldehyde unit is the process air blower. The 

usual ways to reduce the energy consumption of blowers are applied; i.e. choice and 

efficient design of the blower, reduction of pressure drops (particularly over the 

catalytic bed) and recycling of the process gas (in the case of the oxide process). 

 

Beneficial energy recovery 

 The energy efficiency of formaldehyde production can also be improved by using the 

lean gas to produce electricity in gas engines and steam in steam boilers. A fuller 

description of this technique is given in Chapter 10.3.2 and in [Austria UBA, 1999 #64]. 

 

Heat transfer optimisation 

 As the gas reaches the catalyst, the reaction starts and heat is evolved. The reaction by-

products are very small amounts of dimethyl ether, carbon monoxide and formic acid. 

To promote good heat transfer, the upper part (and sometimes the lower part) of the 

tubes are loaded with inert rings. HTF fills the reactor shell and removes the heat of 

reaction. Before the reaction gas enters the absorption tower, the gas is heat exchanged 

to reduce the inlet gas temperature to the absorber and to produce steam. 

 

10.4.5 Techniques to reduce waste generation 
 

10.4.5.1 Techniques to consider on hydrogen 
 

Hydrogen in silver process 

 

 used beneficially in a furnace to recover heat; 

 recover hydrogen in PSA; 

 see the LVOC BREF generic techniques. 

 

10.4.5.2 Techniques to consider on spent catalyst 
 
10.4.5.2.1 Optimise reaction conditions 

 

The life of both the silver and oxide catalysts is adversely affected by long exposure to 

excessively high reaction temperatures and high throughput rates. This causes the catalyst to 

become irreversibly matted with carbon deposits that cause an excessive pressure loss across the 

catalyst bed [Ullmann, 1998 #80]. The main preventative technique is therefore to optimise 

reaction conditions and hence catalyst life. Conceptually, the consumption of formaldehyde 

catalyst (in terms of t/t formaldehyde produced) could be minimised by running the catalyst for 

a longer time before replacement with a fresh batch. However, an ageing catalyst gradually 

loses its activity and selectivity, and eventually the continued catalyst operation is not justified.  

One way of reducing the frequency is to carefully control the reaction conditions, and primarily 

the temperature. This can be assisted by careful control of the air (oxygen) levels, and the 

addition of water can also help.  

 
10.4.5.2.2 Temperature regulation by water injection 

 

Description 

Water is injected to regulate the reaction temperature and extend catalyst life.  

 

Environmental performance and operational data 

The yield of formaldehyde is within the range 87–90 mol% and is highly temperature-

dependent. Methanol conversion and formaldehyde selectivity are optimised by the careful 

selection and control of temperature, catalyst, methanol/oxygen ratio, water addition and 

reaction gas quenching. 
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Cross-media effects 

Traces of methyl formate and formic acid are also formed but the side reactions are minimised 

by the use of rapid cooling. The process is operated above the upper explosion limit (in contrast 

to the oxide process).  

 

Applicability 

Plants producing higher concentrations of formaldehyde cannot inject water to regulate 

temperature because of dilution of the final product, and the temperature is instead controlled by 

the air/methanol ratio.  

 
10.4.5.2.3 Other techniques 

 

Improving catalyst systems 

 See the LVOC BREF generic chapter. 

 Reduced catalyst consumption is expected to continue as catalyst development work 

brings advances in catalyst deactivation rate and hence catalyst lifetime.  

Catalyst regeneration off site to recover valuable compounds 

 See the LVOC BREF generic chapter. 

 Deactivated formaldehyde catalyst is usually sent to a reclaimer for recovery of the 

valuable metals - either by recycling in a metallurgical processes, or electrolytic 

regeneration to produce new catalyst. More than 99 % of the silver is typically 

recovered from spent silver catalyst. Iron and molybdenum can also be reclaimed from 

spent oxide catalyst. After metal reclamation, the inert catalyst carrier requires disposal 

by the reclaimer, probably to landfill.  

Catalyst regeneration 

 The silver catalyst will need to be periodically replaced, due to a drop in selectivity 

and/or due to an increased pressure drop across the catalyst bed. Catalyst that is 

removed from the process can be recycled after being regenerated electrolytically.  

Feedstock quality control 

 The catalyst can be poisoned by (inorganic) contaminants that are introduced with the 

feedstock. 

Environmental conditions 

 Air quality, especially regarding catalyst poisons, will influence the replacement 

frequency. The off-gases of plants in the periphery might contain catalyst poisons that 

are taken in via the air. If a catalyst is poisoned it might be reasonable to exchange it 

due to an increased conversion factor. 

 

Metal oxide catalyst 

The metal oxide catalyst will also need to be periodically replaced. 

 

10.4.5.3 Techniques on solid FA by-product 
 
10.4.5.3.1 Best practices in formaldehyde solid waste 

 

Description 

Group of measures to reduce waste generation of FA solids. 

 

Technical description 

Avoid: 

 Solid para-formaldehyde has a tendency to form in cold spots of pipes, in storage tanks 

and where liquid formaldehyde leaks from equipment (e.g. drips from pumps). Internal 

deposits of solids can be prevented by improved heating, insulation and flow 

circulation.  

Collect and treat: 

 Para-formaldehyde is also recovered during maintenance operations, for example from 

filters installed upstream of the pumps.  

 External solid deposits can be swept up or dissolved in hot water.  
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 Where possible the solid is redissolved either in hot water (for recycling into the 

process) or in ammonia (for reuse, for example, in a hexamethylene tetramine unit). 

Otherwise, the solid is drained into containers and incinerated. 

 

10.4.6 Techniques to reduce other than normal operations 
 

Other than normal operations may lead to higher or different emission types and values. The 

measures that are mentioned below are used by operators to reduce the frequency of occurrence, 

as well as the impact of these events. 

 

See chapter Generic chapter in LVOC BREF. 
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10.5 Emerging techniques 
 

[Note to TWG: the EIPPCB has developed some contents for the emerging techniques sections 

of the BREF. Neither the data collection questionnaires nor TWG members' spontaneous 

comments have provided sufficient information for the current BREF review on this topic. 

Therefore, TWG members are invited to complete the information collected by the EIPPCB: 

 The contents are presented in a tabular format in accordance with the BREF guidelines 

((2012/119/EU) 

 In some cases the technique has been identified as emerging but there is a lack of 

information to complete the fields to describe it] 

 

10.5.1 High pressure route 
 

Description 

A high pressure version of the Formox process that can be retrofitted to existing plants to boost 

capacity. The high conversion rate of the Johnson Matthey process eliminates the need for 

methanol recovery via distillation and it can produce formaldehyde at concentrations of up to 

57%. 

 

Commercially developed 

Johnson Matthey offers a high pressure version of the Formox process 

 

Level of environmental protection 

 

Cost savings compared to existing BAT 

 

Chance of becoming BAT in the future 

 

When it might become commercially available 

 

References 

http://www.icis.com/v2/chemicals/9076014/formaldehyde/process.html 

 

10.5.2 Bio-based formaldehyde 
 

[Request to TWG: please provide further information on this topic.] 

 

http://www.icis.com/v2/chemicals/9076014/formaldehyde/process.html
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11 PHENOL 
 

11.1 General information 
 

[Request to TWG: please check the production capacity information and the detailed list of 

production sites set out in Table 11.1 and provide updates and corrections where appropriate.] 

 

Phenol (C6H5-OH) is an important chemical intermediate for many industrial products including 

phenol resins, aniline, caprolactam, bisphenol A, epoxy resins and polycarbonates. All these 

products have considerable economic importance because they are used for the production of a 

wide range of consumer goods and process materials: e.g. adhesives, laminates, impregnating 

resins, raw materials for varnishes, emulsifiers and detergents, plasticisers, herbicides, 

insecticides and rubber chemicals.  

 

Phenol is mainly produced by the three-step cumene process. This involves the oxidation of 

cumene to cumene hydroperoxide, which is then cleaved to produce phenol. The yield from this 

process is strongly influenced by the price of the by-product acetone, which varies considerably.  

 

In 20YY, the production capacity of phenol in Europe was ## million tonnes, which was XX % 

of global capacity. European production of phenol is summarised in Table 11.1 below. 

 
Table 11.1: European producers of phenol  

Country City Operator Process Capacity  

(kt/y) 

Finland Porvoo Borealis (SF) Cumene Ox 185 

Spain Huelva CEPSA Quimica Cumene Ox 600 

Germany Leuna DOMO Caproleuna Cumene Ox 180 

Belgium Antwerp INEOS Phenol Cumene Ox 680 

Germany Gladbeck INEOS Phenol Cumene Ox 650 

France Roussillon NOVAPEX S.A.S. Cumene Ox 186 

Italy Mantova Versalis Cumene Ox 300 

Germany Duisburg Rütgerswerke Coal Tar 10 

 

Global phenol demand has been growing at an average annual growth rate of 4.2 % since 1999 

and it is projected to grow at an average annual growth rate of 4.8 %. The utilisation of phenol 

capacity is expected to increase gradually, increasing from the high 80s % to the low 90s %.  

 

Key Environmental Issues 

 

The key environmental issues for the production of phenols are: 

 

The key emission to air is from the spent air downstream the cumene oxidisers. Cumene and 

other VOCs may be present in this stream. There are numerous sources of emissions to water. 

The aqueous emissions are normally treated collectively to recover phenol, cumene and acetone. 

The largest by-product is a stream of tars (residue or acetophenone fraction) that are separated 

in a fractionation section but generated in reaction sections that are upstream. Reaction 

selectivity is a key parameter to minimise tar at source. Salts (e.g. sodium sulphate) generated in 

neutralization and other sections need to be addressed also. Fugitive emissions and emissions 

from storage are also relevant. 
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11.2 Applied processes and techniques 
 

11.2.1 Process options 
 

The principal options for the production of phenol are: 

 

 oxidation of cumene; 

 direct oxidation of benzene with O2 or H2O2; 

 direct oxidation of benzene with N2O; 

 phenol from coal tar; 

 oxidation of toluene with benzoic acid; 

 benzene sulphonation; 

 hydrolysis of chlorobenzene. 

 

Of these, the most commonly applied process is the oxidation of cumene and this is the only 

process described in detail in the subsequent sections of this chapter. The other processes are 

reviewed briefly below. 

 

Within Europe, the predominant process for the production of phenol involves the oxidation of 

cumene to cumene hydroperoxide (CHP), which is then cleaved to produce phenol. Acetone is a 

co-product of the cleavage reaction, alpha-methylstyrene (AMS) and/or acetophenone can also 

be isolated as a desirable by-product from this process.  

 

From a business perspective, a process route without the generation of acetone co-product is 

desirable to avoid cyclic acetone price sensitivities. There are a number of alternative processes 

that avoid the co-production of acetone. However, the oxidation of toluene in two steps via 

benzoic acid accounts for less than 5 % of production in Europe and is no longer a commercial 

route. The direct oxidation of benzene to phenol has not yet been exploited commercially. 

Previously exploited processes for the production of phenol via either sodium benzene 

sulphonate or chlorobenzene are no longer employed. Phenol can also be recovered from coal.  

 

11.2.2 Cumene oxidation process  
 

Cumene is produced by the alkylation of benzene with propylene, using either an acid or 

zeolite-based catalyst (see cumene thumbnail description). Phenol production plants employing 

the cumene oxidation route generally include the following main process elements.  

 

Oxidation: Oxidation of cumene with air to cumene hydroperoxide (CHP). As many as two to 

six or more reactors can be used in multiple reaction trains depending on the capacity of the 

unit, location, processing objectives, and the capability to stagger the investment over time as 

capacity increases are needed. Recycled cumene streams from other sections of the plant are 

combined with fresh cumene feed. Cumene is also used for various utility-like purposes through 

the plant. For example, cumene is sent from the day tank to the phenol recovery section on a 

batch basis as make-up solvent. It is also used as pump seal flush in various sections of the 

plant. The cumene oxidisers operate in series with respect to liquid flow but in parallel with 

respect to airflow. The oxygen requirement for the oxidisers is supplied from atmospheric air. 

The air is first filtered and then compressed before going into the oxidisers through a sparger. 

 

Concentration: This section increases the CHP concentration from 17 % to 30 % at the 

oxidation outlet to 65 % to 75 % at the cleavage inlet. Conceptual designs seek low hold-up. 

This can be achieved with thin film evaporators or flash columns. The oxidate from the last 

oxidiser flows to the concentration section to recover unreacted cumene. For large phenol units, 

it is economic to use a two-column concentration system, in which the heat of reaction from the 

last oxidiser and very low-pressure steam are used to vaporise cumene in the first (pre-flash) 

column, reducing the size of the main flash column. The pre-flash drum and flash column 

operate under vacuum to minimise the temperature needed to concentrate the CHP. The vacuum 
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is typically generated by an ejector system. Under vacuum in the pre-flash drum, cumene 

vaporises in the upper vaporiser. Additional cumene vaporises in the lower vaporiser with heat 

supplied by very low-pressure steam. The final CHP concentration is achieved in the flash 

column vaporiser and flash column, both of which operate under deeper vacuum than the pre-

flash drum. The pre-flash drum bottom stream flows through the flash column vaporiser, where 

additional cumene vaporises using heat from low-pressure steam. 

 

Cleavage: This involves the decomposition of the concentrated cumene hydroperoxide (CHP) to 

produce phenol and acetone (subsequent neutralisation is required when an acid catalyst is 

employed for the cleavage reaction). There are several approaches and the selection of these 

will affect the overall yields and selectivity of the manufacturing plant. Most plants now have a 

two-step reaction. 

 

Neutralisation: Here the acid catalyst added in the decomposition section must be neutralised to 

prevent yield loss, due to side reactions, and to protect against corrosion in the fractionation 

section. Several approaches will affect the usage of water and other consumables like ion 

exchange resins or filters. The most common neutralisation techniques used are with sodium 

phenate or ion exchange resins that need regeneration cycles. 

 

Fractionation/purification: Distillation operations are performed to isolate the different reaction 

products: phenol, acetone, unreacted cumene and other by-products. Techniques like filtration 

and ion exchange resins or key reactions are required in some designs to deliver high purity 

products. The AMS generated will require either purification (distillation) or hydrogenation to 

recover cumene. 

 

11.2.3 Other than normal operating conditions 
 

11.2.3.1 Specific other than normal operating conditions 
 

The following operations deviate from the stable and normal operating procedures. 

 

Some frequencies reported in the BREF review data collection, via questionnaires, are included 

below (in days/yr.) 

 

Operations with potentially larger emissions to air of VOCs: 

 malfunction or failure of spent air oxidiser post condensers (0 to 15 days/yr); 

 charcoal absorbers end of run and malfunction (0 to 40 days/yr); 

 trip/interlock to prevent accidents may shut down cleavage and concentration, leaving 

oxidation idle; 

 start-up at low CHP content in oxidisers, more cumene content (0 to 16 days/yr); 

 start-up of AMS hydrogenation plant (3 to 54 days/yr). 

 

Operations with potentially larger emissions to water: 

 

 charcoal decanter malfunction; 

 neutralisation decanter malfunction; 

 malfunction of phenol recovery treatment; 

 CHP initial seeding required in oxidisers, hoses or temporary pipes; 

 larger emissions to water from fractionation upon azeotrope equilibrium changes 

(complex azeotrope with water, phenol, 2MBF, etc.) 

 

11.2.3.2 Generic other than normal operating conditions 
 

See Generic Section in the LVOC BREF. 
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The following operations can arise and deviate from the standard operating procedures in 

phenol manufacturing plants. 

 

 Routine start-up. 

 Shutdown for maintenance preparation: equipment flushing, higher load to WWT, 

potential emission to surface water (rainwater) header. 

 Low plant rate due to force majeure in final product consumption or in raw material 

supply.  

 Containment losses greater than normal in systems that operate under vacuum (CHP 

concentration, fractionation or AMS distillation). This will increase ejector water/steam 

usage, and net emissions to water or air. 

 Plant being idle due to loss of containment: corrosion or rupture disk. 

 Service or utility failure: malfunction of cooling water and/or chilled water; power, 

DCS, instrument air. 

 

Frequency of all these events: 15 to 35 days per year (not taking into account lower plant rate 

events). There are outlier / exceptional values of 57 and 167 days for shutdowns. 

 

Source: BREF review data collection via questionnaires. 

 

11.2.4 Equipment important for environmental protection 
 

The following assets perform important operations for the protection of the environment and 

should have as high a level of reliability and availability as possible: 

 

 air: charcoal adsorber outlet periodic sampling; chilled water TIC (oxidiser condensers); 

charcoal adsorber regeneration programme; 

 water: phenol recovery unit (PRU) interphase level instruments; PRU aqueous stream 

periodic sampling; 

 waste: % O2 at oxidiser outlet; cleavage TIC control loop. 
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11.3 Current emission and consumption levels 
 

The key emission to air is from the spent air downstream of the cumene oxidisers. Cumene and 

other VOCs may be present in this stream. There are numerous sources of emissions to water. 

The aqueous emissions are normally treated collectively to recover phenol, cumene and acetone. 

The largest by-product is a stream of tars, which are separated in a fractionation section but are 

generated in reaction sections that are upstream. Reaction selectivity is a key parameter to 

minimise tar production at source. Salts (e.g. sodium sulphate) formed in the neutralisation 

section and other sections also need to be addressed. Fugitive emissions and emissions from 

storage are also important. 

 

Figure 11.1 shows the main emission streams from the phenol manufacturing process. The 

diagram corresponds to one of the design options for the cumene oxidation process. 

 

 

Figure 11.1: Phenol production process block flow diagram 

 

11.3.1 Emissions to air 
 

11.3.1.1 VOC emissions from oxidiser spent air  
 

The spent air stream from the oxidation reactors comprises warm, wet air with a depleted 

oxygen level and containing a range of VOCs. This stream cannot be sent to flare due to its low 

oxygen content. Every plant design will include condensers with cooling water (and/or chilled 

water) to minimise the VOC content of the spent air.  

 

Process-integrated techniques: entrainment separators or knock out drums can be used. 

Condensers and chilled water post condensers are normally in place. Operating at lower O2 

levels in the spent air will reduce the volumetric airflow and so the level of entrainment. 

Operating at lower reactor liquid levels will also reduce emissions. 

 

Pollutants: the VOC is mainly cumene; however, other pollutants present are benzene, methyl 

hydroperoxide (to methanol) and acetone. Ammonia (coded 2.2) could also be released if 

operators apply a novel high selectivity technique that adds a nitrogen-based catalyst to the 

oxidisers. However, this technique is not used in EU installations. 

 

Other than normal operating conditions: the cumene content of the VOCs will be higher at start-

up. Special attention must be paid to determine the operating life of the adsorber (where used) to 

prevent breakthrough of the VOCs. 

Monitoring methods: EN 13526 and EN 12619 are available. They both measure the mass 

concentration of total gaseous organic carbon by FID, FTIR or NIR. 

 

Monitoring format: the emission pattern is normally ʻsawtoothedʼ as a result of using adsorbers 

for abatement. This is important to remember when considering averaging periods. Some plants 

have continuous monitoring of TOC (or VOCs). 

 

Data downstream of the adsorber (source BREF review questionnaires): 

total organic compounds:  6–150 mgC/Nm
3
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methanol:    10–200 mgC/Nm
3
 

benzene:    0–3 mgC/Nm
3
 

 

There may also be ammonia emissions to air if nitric compounds are added to the oxidiser (in 

order to improve selectivity). US EPA reports 1.81 g of benzene emitted per tonne of phenol 

downstream of condensers and 0.05 g per tonne downstream of the thermal oxidiser. 

 

11.3.1.2 VOC emissions from CHP concentration 
 

The gas flow rates from the vacuum system in the CHP concentration step are small compared 

to the gas flow rates coming from the oxidisers. This stream can be routed to a vent header with 

a shared treatment or abatement (options: flare, furnace, catalytic oxidiser, absorber, etc.) 

 

Process-integrated techniques: condensers are used on the top cuts of process distillation and 

concentration equipment. The vacuum off-gas is then channelled to a shared vent treatment 

system 

 

Pollutants: cumene mainly (others such as acetone). 

 

Monitoring: data are normally not available from this individual stream. 

 

11.3.1.3 VOC emissions from fractionation 
 

The fractionation processes involve multiple distillations, some of which are conducted under 

vacuum in order to reduce product degradation and colour. Plant design and arrangements have 

numerous variations.  

 

Process-integrated techniques: condensers in distillation columns and ejector systems. 

 

Pollutants: methanol, acetone, benzene, cumene, phenol. 

 

Other than normal operating conditions:  vacuum leaks may lead to larger condenser workload 

(flow of non-condensables plus air intake) and thus lower the condensing efficiency, resulting in 

a larger load to the final abatement device. 

 

Monitoring: data are normally not available from this individual stream. Contents are not 

measured individually but after a shared device at end-of-pipe. 

 

11.3.1.4 VOC emissions from hydrogenation of AMS 
 

Most installations have a hydrogenation unit to enable the reconversion of the AMS by-product 

to cumene. Downstream of the hydrogenation reactor there will be a flash separator or flash 

drum to split the product (cumene, AMS, etc.) from the flue-gas. 

 

Process-integrated techniques: condensers in distillation columns and ejector systems. Lower 

excess ratios in the hydrogenation reaction will normally lead to lower emission values. 

 

Pollutants: cumene, acetone, AMS. 

 

Other than normal operating conditions: hydrogenation start-up may require a limited period of 

emission to air. 

 

Monitoring: EN 13526 and EN 12619 are available. They both measure the mass concentration 

of total gaseous organic carbon by FID, FTIR or NIR. 

 

11.3.1.5 Emissions from shared end-of-pipe abatement 
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Incinerators, tail gas oxidisers, adsorbers, absorbers and other end-of-pipe measures can be 

applied to a collective stream of various gaseous vents. 

 

Pollutants: VOCs, NOX, COX, SOX, dust. 

 

Other than normal operating conditions: inadequate oxygen or temperature control. End of 

catalyst life (catalytic oxidiser). 

 

11.3.1.6 VOC emissions from fugitive emissions 
 

Many assets operate under pressure. 

 

Pollutants: benzene, cumene, acetone, phenol, etc. 

 

Other than normal operating conditions: maintenance turnarounds lead to equipment opening 

and larger emission values. 

 

Monitoring: kg per year, or per tonne of product (yearly basis). See the CWW BREF. 

Data collected/available: 70 t/yr per plant including storage (SF6 sniffing method twice a year). 

 

11.3.1.7 VOC emissions from storage 
 

Tanks, spheres and other storage assets are used for raw materials, consumable end-products 

and intermediates. These may be geographically far apart in the plant layout in order to share 

abatement techniques with main process streams. See the EFS BREF. 

 

Pollutants: benzene, cumene, acetone, phenol, etc. 

 

Other than normal operating conditions: maintenance turnarounds lead to equipment opening 

and larger emission values. 

 

Monitoring: kg per year or per tonne of product (yearly basis). 

 

11.3.1.8 Emissions to air from combustion processes 
 

Steam boilers or hot oil furnaces that supply heating fluid utilities can be dedicated to a phenol 

plant or shared with nearby installations. These emissions will also include the combustion of 

non-conventional (non-commercial) fuel, such as the tar stream generated in the fractionation 

section. See the LCP BREF. 

 

Pollutants: VOCs, NOX, COX, SOX, dust. 

 

Other than normal operating conditions: dust is emitted in shut blowing routines. 

 

11.3.2 Emissions to water 
 

Phenol plants normally gather every waste water stream together and treat them collectively 

(see Chapter 11.4.2). Data available on individual streams are therefore scarce. The paragraphs 

below describe how effluents are generated by each process step. 

 

a)  Aqueous caustic used in the oxidation section 

 

If the ʻwetʼ oxidation route is used, water will be introduced at the beginning of the process in 

the form of caustic solution and will need to be removed at a later stage. The low pressure 

oxidation route also generates an aqueous stream from the scrubbing of the oxidation feed (air 

and cumene). This stream contains cumene, organic salts and organic acids. Analytical control 

(on washing performance) should reduce this flow. 
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b)  Water from charcoal regeneration 

 

The steam desorption of VOCs from an activated carbon abatement plant will result in an 

aqueous stream from a decanter. Although a decanter will be in place this stream contains 

cumene, methanol, hydroperoxides and acetone. 

 

c)  Water used in cleavage to improve selectivity 

 

Water or steam may be introduced in the second cleavage step to improve selectivity towards 

phenol, acetone and AMS. This stream will be withdrawn in fractionation. 

 

d)  Neutralisation effluent 

 

Sodium phenate option: water will be introduced into the process in the form of the caustic 

solution that is used to neutralise the acid catalyst and/or remove phenol from the recycled 

cumene. The aqueous phase removed from the neutralisation decanter will contain salts (e.g. 

sodium phenate). 

 

Ion exchange option: the regeneration of the ion exchange resin used for neutralisation will give 

rise to an effluent. 

 

e)  Improve crude acetone distillation efficiency  

 

Water is injected into the crude acetone column to increase the volatility of the acetone and 

maintain the bottom temperature. The overhead of the column (acetone, water and cumene) 

flows to the finished acetone column.  

 

f)  Caustic washes in acetone finishing column 

 

An aqueous stream results from the final pure acetone distillation column as a result of caustic 

scrubbing to remove aldehydes. 

 

g)  Azeotrope on 2-MBF  

 

Aqueous stream(s) arise from phenol purification systems, and these may contain impurities 

such as 2-methylbenzofuran. 

 

h)  Vacuum systems 

 

The use of steam ejectors will give rise to water emissions. Water also arises from both the 

process and the steam ejectors' condensate. 

 

i)  Phenol recovery unit (PRU) 

 

This unit is the most common treatment at source that every phenol plant has prior to sending 

aqueous emission to a shared WWT unit. This unit collects different streams, many of them 

from caustic washes. The PRU's oil extraction column bottom stream is the net emission from 

this key treatment unit to a shared WWT. This aqueous stream will contain phenol, 

acetophenone and salts. 

 

The effluents that arise could contain the below pollutants and quantities at the WWT unit inlet. 
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Table 11.2: Collective effluent composition upstream of the waste water treatment unit (
1
) 

Parameter Unit Average Min–max Method 

Phenol (mg/l) 124 18–425 ASTM-D1783; 

DIN38409-16 

Acetone (mg/l) 314 15-1000  

Cumene (mg/l) 20 0.6–50  

SO4 (mg/l) 14 676 34–29 319  

Total HP(
2
) (mg/l)  10–15  

COD (mg/l) 5 550 2 000–12 200 DIN 38409-41 
(1) Source: BREF review data collection via questionnaires to operators 

(2) Total hydroperoxides 

 

 Phenol: Phenol is partially soluble in water, and it may be present as a discrete organic 

phase. Phenol in high concentrations in waste water could have deleterious 

consequences for any downstream biological effluent treatment plants, and may even 

cause a sufficient toxic shock to render the effluent treatment plant ineffective for days. 

Phenol in low concentrations may become feedstock for the bacteria.  

 Phenolate: Phenolate arises due to the fact that sodium hydroxide may be used as a 

neutralising agent following the cleavage reaction, and because it is used to remove 

phenol from various process streams, including the recycled cumene. Phenolates are 

highly soluble in water, and free phenol can be liberated in the event of a change in the 

pH of the effluent, which could occur if/when the effluent is mixed with other effluents, 

or subjected to treatment.  

 Methyl hydroperoxide: The oxidation reaction results in the formation of some methyl 

hydroperoxide (MHP). This is collected along with the cumene. MHP is toxic to fish.  

 Cumene: Cumene is insoluble in water. It is toxic to aquatic organisms and may cause 

long-term adverse effects in the aquatic environment. 

 Acetone: Acetone is miscible with water. 

 Sulphuric acid. 

 Sodium sulphate: The neutralisation of the sulphuric acid and/or SO2 catalyst with 

sodium hydroxide/phenolate will result in the formation of sodium sulphate. 

 Sodium hydroxide: This is used to remove phenol from recycled cumene, and neutralise 

the cleavage reaction mixture. 

 COD levels can be high at the phenol plant outlet. 

 

11.3.3 Raw material consumption 
 

a) Feedstock 

 

Cumene consumption is dependent on the quantity of waste and/or by-product generated and is 

a key parameter that influences profitability. Some producers hydrogenate AMS to recover 

cumene feedstock but others recover and purify it. Cumene consumption is expressed per total 

production of acetone, phenol and AMS. Cumene consumption is typically in the range 1.31–

1.38 tonnes per tonne of phenol. 

 

Table 11.3 shows how some parameters impact on feedstock usage. 
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Table 11.3: Parameters that affect feedstock usage 

Aspects Impact on 

feedstock 

Applicable Cross-media Reference 

Raw material 

quality 

Small reduction Fully applicable None  

Low pressure 

oxidation 

Medium reduction New plants Larger water 

usage 

11.4.1.1 

High pressure 

oxidation 

Medium increase New plants Larger energy 11.4.1.2 

Ammonia addition Medium reduction Fully applicable Ammonia to air  

Oxidation control 

at low  temp and 

low CHP % 

Medium reduction Fully applicable Lower conversion. 

Higher energy 

usage 

 

Cleavage two-step 

design 

Large reduction New plants None  

Calorimeters in 

cleavage control 

Medium Fully applicable None UOP 

PRU recovery 

efficiency 

Medium reduction New plants None  

Fractionation 

recovery 

efficiency 

Large reduction New plants None  

  

b) Acid consumption 

 

An acid catalyst is employed for the cleavage reaction. Sulphuric acid is normally used, 

although SO2 gas may sometimes be used. New techniques now employ a second catalyst 

molecule. The concentration of acid in the process mixture required to catalyse the cleavage 

reaction is very low. Acid is also used to separate at source any phenol carried over into the 

main aqueous emissions stream. 

 

c) Caustic consumption 

 

Caustic can be used at various points in the process, including the below. 

 

 Oxidation: Caustic can be introduced into the process where ʻwetʼ oxidation is 

employed directly as catalyst feed. Caustic is used as a preventive measurement in low 

pressure oxidation, and is required to remove phenol from recycled cumene, and to 

possibly neutralise the acid catalyst.  

 Caustic is also used in the neutralisation of cleavage product when exchange resins are 

not used. 

 Fractionation: Caustic is injected into the acetone purification column (FAC) to catalyse 

the condensation of trace aldehydes. The heavier condensation products are less volatile 

and leave with the FAC bottoms. High-purity acetone flows by gravity from the acetone 

purification column side cut, near the top of the column, to the acetone product day 

tank. 

 The AMS stream is recovered from the fractionation section with some cumene content. 

Caustic scrubbing is applied to avoid phenol content. 

 Effluent treatment at source: Use in the Phenol Recovery Unit (PRU). 

 

Table 11.4 shows aspects that impact on caustic usage. 
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Table 11.4: Parameters that affect acid usage 

Aspects Impact Applicable Cross media Reference 

Low pressure 

oxidation 

Medium reduction New plants Larger water 

usage 

11.4.1.1 

Improve 

separation 

efficiency in 

fractionation 

Medium reduction Fully Higher energy 

used to separate 

(reflux ratio) 

 

Limit usage of 

acid catalyst 

Medium Fully None 11.4.7 

 

d) Hydrogen consumption 

 

If AMS is hydrogenated to cumene, the process will consume hydrogen. Any hydrogen that 

might be consumed can be offset against reduced cumene consumption, as not hydrogenating 

the AMS would necessitate a higher make-up of cumene, all other things being equal. However, 

AMS is a valuable product.  

 

e) Hydrogenation catalyst consumption 

 

Where a process incorporates the hydrogenation of AMS it will be necessary to periodically 

replenish the catalyst (normally palladium-based). However, it is believed that this will be an 

infrequent operation.  

 

f) Ammonia consumption 

 

Ammonia will be consumed only if it is fed to the oxidation reactors in an effort to reduce by-

product formation. 

 

g) Spent ion exchange resins 

 

The use of resin guard beds is a design option for both the neutralisation step and the phenol 

purification step: Spent resin is typically ~80 kg/t. 

 

11.3.4 Energy consumption 
 

Data availability and confidentiality limits the analysis of energy consumption versus 

techniques. 

 
Table 11.5: Energy usage in phenol plants 

Source Steam Electrical Compressors Heat recovery Total 

(t/t) (kW/t) (kW/t) (kW/t) (GJ/t) 

(
1
) 2.6–2.7 235–246 70–80 0.08–28 6.3–8.1 

(
2
) 2.8–6.3 190    

(
1
) Data from bibliographic references: KBR, Enichem, International process plants 

(
2
) Data from BREF review questionnaires 

 

a) Concentration and fractionation 

 

The concentration of CHP and the separation and purification of the various co-products (and 

possible by-products) is achieved by distillation. The number of columns involved, and the 

nature of the separations required, mean that the energy consumed for the fractionation 

processes is likely to be a major influence on energy use. The fractionation energy will be 

reduced by applying those techniques that reduce the generation of by-products. 

 

 

 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 11 

444 April 2014 SH/TS/EIPPCB/LVOC Draft 1 

b) Oxidation reactor air compressors 

 

The oxidation reactors are supplied by compressed ambient air. The energy consumed by the 

compressors will therefore be significant. 

 

c) Vacuum systems 

 

In order to reduce by-product formation (and therefore possibly reduce cumene consumption, 

fractionation energy consumption, etc.), the temperature of the CHP concentration step is 

reduced by operating under vacuum. The energy consumption will depend upon the degree of 

vacuum desired.  

 

11.3.5 Water consumption 
 

Total water usage: typically one to four tonnes of water per tonne of phenol are used. Water is 

introduced into the process as part of some raw materials (e.g. sodium hydroxide solution, 

sulphuric acid). See Chapter 11.3.2. 

 

Process water may also be added to the fractionation and purification activities in order to 

modify a column's composition and temperature profile, to make the achievement of the desired 

outcome easier. The nature of the fractionation/purification activities could therefore have an 

impact on process water consumption. Water consumption will also include water that is needed 

for the washing of process streams (e.g. to remove salts), any ion exchange columns (used for 

neutralisation after the cleavage reaction), etc. Water that is used in the operation of vacuum 

pumps could be reused as process water. 

 

11.3.6 Co-products, by-products and waste generation 
 

a) Acetone and AMS 

 

These are co-products from the process. Both need to be purified prior to isolation. AMS may 

be reconverted into cumene by hydrogenation; this normally depends on the product market 

price. 

 

b) Tar 

 

The crude phenol isolation step results in a high-boiling distillation residue including 

degradation products (also called tar). The tar can be used in the furnace to recover heat but may 

include a number of sulphur-containing compounds. The tar used can also be cracked to recover 

feedstock. Tar generated: 20-200 kg per tonne of phenol. 

 

Source: The Cumene Process for Phenol–Acetone Production; 2007; V. Zakoshansky 

Data from questionnaires fall inside that range mentioned above. 

  

c) Methanol/MHP 

 

Methanol/MHP is generated in the oxidation reaction.  

 

d) Acetophenone 

 

Some units will recover ACP as a commercial product. Others will recover its heat in a furnace. 

 

e) Spent catalyst from the hydrogenation reactor 

 

If AMS is hydrogenated back to cumene, this will involve the use of a catalyst, and this will 

need to be replaced from time to time.  
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f) The adsorbent  

 

The adsorbent used to recover VOCs from the oxidation off-gases will need to be replaced 

periodically due to a loss of efficiency. Zeolites can be used but most EU operators use 

charcoal. They last three to six years. The amount generated is approximately 0.02 kg/t. 

 

g) Ion exchange resins 

 

Ion exchange resin beds are used both in the neutralisation unit and in the phenol purification 

steps. They last two to four years. The amount generated is approximately 0.02 kg/t. 
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11.4 Techniques to consider in the determination of BAT 
 

This section describes techniques (or combinations thereof), and associated monitoring, 

considered to have the potential for achieving a high level of environmental protection in the 

activities within the scope of this chapter. The techniques described will include both the 

technology used and the way in which the installations are designed, built, maintained, operated 

and decommissioned. 

 

It covers process-integrated techniques and end-of-pipe measures. Waste prevention and 

management, including waste minimisation and recycling procedures are also considered, as 

well as techniques that reduce the consumption of raw materials, water and energy by 

optimising use and reuse. The techniques described also cover measures used to prevent or to 

limit the environmental consequences of accidents and incidents, as well as site remediation 

measures. They also cover measures taken to prevent or reduce emissions under other than 

normal operating conditions (such as start-up and shutdown operations, leaks, malfunctions, 

momentary stoppages and the definitive cessation of operations). Cross references to other 

chapters are used, where relevant to avoid repetition. 

 

Annex III to the Directive lists a number of criteria for determining BAT, and the information 

within this chapter will address these considerations. As far as possible, the standard structure in 

Table 2.3 is used to outline the information on each technique, to enable a comparison of 

techniques and the assessment against the definition of BAT in the Directive. 

 

This chapter does not necessarily provide an exhaustive list of techniques which could be 

applied. Other techniques may exist, or may be developed, which could be considered in the 

determination of BAT for an individual installation.  

 

11.4.1 Techniques to reduce emissions to air 
 

Emissions to air from the process to produce phenol by the oxidation of cumene can include 

some or all of the following substances: 

 

 volatile organic compounds, 

 combustion gases. 

 

Techniques considered in this section are: 

 

 adsorption, 

 catalytic oxidation, 

 extractive removal of methanol in vent gas, 

 preventative techniques for diffuse emissions, 

 thermal oxidation, 

 use of low pressure oxidation system. 

 

11.4.1.1 Reduction of VOC emissions from oxidation section 
 

The following table is an extract of the information gathered by the BREF review data 

collection, via questionnaires. 
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Table 11.6: Emission information from phenol plant oxidation sections 

 TOC (mgC/Nm
3
) Benzene (mgC/Nm

3
) Condensers Adsorber Other 

average worst average worst 

Plant #1 34.6 (
1
) 112(

1
)    Yes  

Plant #2 6      Thermal 

oxidiser 

Plant #3  150  3 Yes Yes  

Plant #4 24 33.6 1.6 4  Yes Thermal 

oxidiser 

Plant #5 (
2
)    Yes Yes  

Plant #6 15.8 (
1
)     Yes Thermal 

oxidiser 
(1) Non-methane VOCs 

(2) Reported emission load: 0.8 kg of TOC per tonne of product 

Source: EIPPCB questionnaires 2012 

 
11.4.1.1.1 Use of low pressure oxidation process  

 

Description 

To use the low pressure approach in oxidation unit. Also called ʻdryʼ process. 

 

Technical description 

Oxidation reaction unit with a prewash on acid molecules present in feedstock (with caustic 

wash). No NaOH catalyst required in reaction. 

 

Achieved environmental benefits 

Lower energy and raw material usage and lower emissions to air. 

 

Environmental performance and operational data 

Data from questionnaires were not sufficient to derive differences. 

 

Cross-media effects 

Higher water usage and higher aqueous effluent load emissions to water. 

 

Technical consideration relevant to applicability 

Applicable to new plants. A more pure cumene feedstock (coming from zeolites alkylation 

process) is desirable. 

 

Economics 

(See driving force.) 

 

Driving force for implementation 

Lower capital investment due to lower design pressure. Lower operational cost due to higher 

reaction selectivity and cumene yield. 

 

Example plants 

Ineos plant  

 

Reference literature 

Phenol #1, 5, 8 & 9 
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Figure 11.2: Low pressure oxidation process block flow diagram 

 
11.4.1.1.2 Adsorption  

 

A detailed description of adsorption can be found in the CWW BREF and this is summarised in 

Chapter 2.4.2 of this document. This section elaborates further on its application in phenol 

production. 

 

In phenol production, adsorption can be applied to the spent air stream from the cumene 

oxidation unit in order to reduce the cumene content of this gaseous stream and recover it for 

reuse.  

 

The cumene recovery efficiency from the spent air stream will depend on: 

 

 size of chambers per volumetric flow; 

 type of material selected; 

 regeneration sequence, fluid, etc.; 

 whether or not cooling is done prior to realigning the regenerated chamber. 

 

Zeolite adsorbents are considered preferable to carbon. Zeolites' total sorption capacity and 

degree of removal is equal to that of carbon; however, zeolites will also adsorb methanol and 

have an operational lifetime of between three and seven years, eliminating the need for annual 

adsorbent recharging. 

 

Regeneration is normally done with steam. This raises the bed temperature and if the chamber is 

not cooled prior to bringing it back into use, then the initial adsorption performance will be 

poor. 

 

Continuous VOC monitoring should be used to optimise the performance of the adsorption unit, 

i.e. frequency of regeneration. 

 

This technique is considered generally applicable and retrofit is possible. This will result in 

more efficient use of raw materials and lower VOC emissions. 
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A shared adsorption unit may also be used to abate emissions from other parts of the phenol 

process, e.g. fractionation and hydrogenation. The use of adsorption units in this way is 

considered in the CWW BREF. 

 

Environmental performance and operational data 

15–150 mg/Nm
3 

- (source: questionnaires for BREF review on worst case under normal 

operating conditions). See the extensive data collected for the charcoal adsorber systems used in 

the hydrogen peroxide chapter (where values of TOC in 75 % of the installations were below 16 

mg C/Nm
3
). 

 

Example plants 

Various in Europe. UOP process licence. 

 

 

Figure 11.3: VOC emissions downstream of adsorber systems in hydrogen peroxide production 

 

Adsorption chamber cooling prior to alignment 

 

Cross-media effects 

(Slightly) higher energy usage or higher capital cost. 

 

Technical consideration relevant to applicability  

Generally applicable to new plants. A more pure cumene feedstock (coming from zeolites 

alkylation process) is desirable. 

 

Zeolite as adsorbent material 

 

Example plants 

ILLA articles and process brochures. 

• Phenol Process Celebrates Its 60th Anniversary: the role of chemical principles in 

technological breakthroughs; 2009; V. Zakoshansky. 

• The Cumene Process for Phenol–Acetone Production; 2007; V. Zakoshansky. 

 
11.4.1.1.3 Longer uptime for condensing capacity   

 

Description 
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This technique ensures short downtime of the abatement devices for this emission stream. This 

is a group of structured measures that seek to deliver maximum availability of utilities (at design 

conditions) on condensers. 

 

Technical description 

• Redundant cooling water pumps.  

• Condensers duties are over designed by an additional factor.  

• Higher level of process control and alarms on these utility systems (CW and chilled 

water); e.g. process interlock to avoid oxidation operation in case of lower condensing 

capacity, etc. 

 

Achieved environmental benefits 

Reduced yearly emissions of VOCs to air are achieved. 

 

Environmental performance and operational data 

 

Cross-media effects 

 (Slightly) higher energy usage or higher capital cost. 

 

Technical consideration relevant to applicability 

Generally applicable. 

 

Economics 

 

Driving force for implementation 

Larger raw material recovery, larger yields. 

 

Example plants 

Operators have reported (in the data collection for this BREF review) this technique as a 

measure to reduce emissions from other than normal operating conditions and as a critical 

environmental asset. 

 

Reference literature 

Phenol 8 & 9 

 
11.4.1.1.4 Extractive removal of methanol in vent gas 

 

Description 

Injection of supplemental water to spent air upstream heat exchangers (condensers) to allow 

these devices to act as condensers and extractors of methanol and water condensate. 

 

Technical description 

Methanol in spent air represents a large amount of total organic compounds but it neither 

condenses nor adsorbs on charcoal in standard overhead designs. Adding water upstream of 

condensers facilitates its condensation. 

 

Achieved environmental benefits 

Reduces the amount of methanol in oxidiser (net stream) and thus emissions of organic 

compounds to air. 

 

Environmental performance and operational data 

Reaction takes place in the oxidiser at 80–100 ºC and 2 to 5 bar. Residual oxygen ranges from 

1 % to 8 %. Upstream of condensers there could be 800 ppm cumene and 300 ppm methanol. 

With this technique, condensers reduce methanol content downstream of the condensers by 

60 %. 

 

Cross-media effects 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 11 

SH/TS/EIPPCB/LVOC Draft 1 April 2014 451 

None, because every plant design includes a two-phase decanter after the condensers. The 

organic phase remains the same, i.e. cumene with the aqueous phase following the same path to 

the WWT unit. 

 

Technical consideration relevant to applicability 

Generally applicable. 

 

Economics 

Very low amount of water, negligible operating and construction costs. 

 

Driving force for implementation 

Avoid expensive end-of-pipe devices, such as thermal oxidisers. 

 

Example plants 

Mt Vernon (USA) phenol plant (Sabic). 

 

Reference literature 

Phenol #13 

 
11.4.1.1.5 Recovery and use of spent air 

 

Description 

The spent air from oxidiser has been purified by condensation and/or adsorption. The usage of 

this low purity nitrogen can reduce VOC emissions to air. 

 

Technical description 

Oxygen is consumed by oxidation and VOCs are removed by certain abatement techniques. 

This leads to a nitrogen-rich stream that can be further purified or used. 

 

Achieved environmental benefits 

This stream will have a lower load to air and the nitrogen usage of the manufacturing plant will 

be reduced. 

 

Environmental performance and operational data 

 

Cross-media effects 

Safety: Several layers of defence and safety measurements are required in order to avoid the 

entrance of oxygen into a nitrogen header, (e.g. continuous monitoring and trips for oxygen 

content). Quality: this lower purity nitrogen cannot be used in finished product tanks. 

 

Technical consideration relevant to applicability 

Payback time may be too long. The safety requirements to operate such a system may have a 

higher investment cost than the operation cost of normal nitrogen production. 

 

Economics 

See above. 

 

Driving force for implementation 

Marginal reduction of operational costs. 

 

Example plants 

Various across EU. 

 

Reference literature 

Phenol #1. 
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11.4.1.1.6 Other horizontal techniques 

 

Other horizontal techniques that might be applied at individual streams: 

Condensation and cryogenic condensation 

 See the CWW BREF. 

Thermal oxidation 

 See the CWW BREF.  

 

Other horizontal techniques that might be shared at end-of-pipe: 

Catalytic oxidisation  

 See the CWW BREF. 

Incineration chambers  

 See the CWW BREF. 

 

References: Industrial catalytic processes—phenol production; 2004; Robert J. Schmidt. 

 

11.4.1.2 VOC emissions from the fractionation processes 
 

CHP concentration, final products fractionation, AMS purification and/or hydrogenation units 

will normally involve basic unit operations to achieve product purification or isolation by 

distillation columns. Vacuum systems' net vents could be sent to atmosphere or treated. 

 

Leak management for vacuum systems 

 See the CWW BREF. This will normally reduce air ingress and thus lead to better 

condensing efficiency and lower emissions to air. 

 

Horizontal techniques that might be applied at end-of-pipe: 

 

Recover energy in furnace 

 See the CWW BREF section on energy recovery from waste gas or process vents. 

Thermal oxidiser  

 See the CWW BREF. 

Catalytic oxidiser 

 See the CWW BREF. 

 

11.4.1.3 AMS hydrogenation reaction off-gas 
 

Recover hydrogen by PSA 

 This is not currently applied in EU phenol installations. (Source: BREF review data 

collection via questionnaires). 

 See the CWW BREF. 

Recover energy from process streams  

 See the CWW BREF.  

 
11.4.1.3.1 Recycle excess hydrogen 

 

Description 

The fresh AMS/cumene feed is mixed with reactor effluent (that has been recycled) and 

hydrogen. 

 

Technical description 

This can be applied either in a one- or two-step reaction. Reactors normally operate at moderate 

pressure with a Pd catalyst. A recycle compressor might be required. 

 

Achieved environmental benefits 

Lower VOC emissions to air are achieved by sending a smaller workload for the final separator 

(flash/other that splits off-gas from cumene). 
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Environmental performance and operational data 

 

Cross-media effects 

Higher energy consumption is required; this is due to both the recycling compressor and the 

cooler. Higher capital investment cost. 

 

Technical consideration relevant to applicability 

Fully applicable to all types of AMS hydrogenation units. 

 

Economics 

Recovery of excess feed. 

 

Driving force for implementation 

Lower operating cost is a driver to implement this option. 

 

Example plants 

More than 50 % of the installations in the EU have reported this technique in the BREF review 

data collection exercise. 

 

Reference literature 

Phenol #7 

 

11.4.1.4 Emissions from shared end-of-pipe abatement 
 

Shared gas oxidiser  

 See the CWW BREF. 

 Catalytic oxidation: 100 mg/Nm
3
. 

 Thermal oxidiser 6 mg/Nm
3
 (share for all vents in plant). 

 (Source: data collection for BREF review). 

Shared incinerator  

 See the CWW BREF. 

 

11.4.1.5 Fugitive emissions 
 

Values for frequency, monitoring techniques, etc. were collected for this BREF review. 

 

 Reporting units: kg/year or kg/t of phenol. 

 Method: SF6 or UNE EN 15446. 

 Frequency: depending on site and/or permit requirements, from 1 sample/year up to 

3 600 samples/year. Other units perform periodic emission measurements outside fence; 

gas detectors at specific locations with highest risk (e.g. acetone). 

 Values: 0.5–200 tonnes per year (not sufficient data to make a robust data analysis). 

 See the CWW BREF. 

 

11.4.1.6 Storage 
 

The techniques that are generally considered to have the potential for achieving a high level of 

environmental protection in phenol production for the storage, transfer and handling of liquids 

and solids are those described in the EFS BREF. 

 

11.4.1.7 Combustion gases 
 

Emissions from combustion plants where the principal objective is the production of energy, 

e.g. as steam, heat, electricity or combined heat and power, are outside the scope of this BREF. 

Full descriptions of all the emission control techniques that can be applied can be found in the 

LCP BREF. 
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11.4.2 Techniques to reduce emissions to water 
 

11.4.2.1 Design techniques to reduce the generation of process effluents 
 

a) Use of high pressure oxidation process 

 

See emissions to air section. 

Lower pressure oxidation approaches uses caustic washes on feeds and this generates effluent. 

A higher pressure approach does not generate this stream to the WWT unit. 

 

b) Use of diamine salt process 

 

[Note to TWG: According to BREF review data collection, this design option has not yet been 

implemented in EU installations and thus might be moved from here to the emerging techniques 

chapter.] 
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Table 11.7 Trade-off between neutralisation options 

Techniques Ion exchange  chamber Sodium Phenate + Decanter Diamine salt 

Description The net outlet stream from cleavage 

arrives with no additives to a series of ion 

exchanges resins that capture catalyst 

acid 

Na Phenate (from PRU) is added to the net outlet 

stream from cleavage and then enters a decanter. The 

aqueous phase is send to WWT and rest to fraction 

Acid catalyst is neutralised added 

stoichiometric amount of diamine salt that is 

soluble and does not require removal 

Technical description 

 

Figure 11.4: Ion exchange  chamber 

 

 

Figure 11.5: Sodium Phenate + Decanter 

 
 

Figure 11.6: Diamine salt 

 

Achieved environmental 

benefits 

May lead to lower TAR by products and 

better cumene usage 

Lower water usage and no spent ion exchange resins Lower water usage and no spent ion exchange 

resins 

Environmental 

performance and 

operational data 

   

Cross-media  

effects 

Higher use of water and consumables to 

regenerate the Ion Exchange resins. 

 This salts added may increase slightly the NOX 

and the SOX in furnace of TAR (heavy 

residues from fractionation) 

Technical consideration 

relevant to applicability 

New units New units Emerging technique not yet proven in 

commercial scale 

Economics   Lower investment cost and lower operational 

cost 

Driving force for 

implementation 

  Lower investment cost and lower operational 

cost 

Example plants   None 

Reference literature Phenol #1,5,7,8&9   
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11.4.2.1.1 Treatment at source to reduce emissions to water 

 

 
11.4.2.1.2 Individual pretreatments at source 

 

Water streams from (charcoal) adsorption at the oxidation section are stripped of their methanol 

an MHP content and are then sent to the municipal WWT plant. 

 

(i) Thermal treatment 

 

Besides cumene, the water phase from the charcoal regeneration is condensed from the off-gas, 

in which MHP is present. After treatment with diluted caustic soda, the cumene is recycled to 

the oxidation unit. The water phase is treated at temperatures above 100 ºC and a high pH to 

decompose the MHP to methanol. Disposal of MHP in the aqueous stream is not allowed since 

it is toxic to fish. The water is then sent to a biological waste water treatment (BWWT) 

plant/unit. See CCW BREF. 

 

[Request to TWG: Please provide data to assist EIPPCB set a BAT-AEPL} 

 

References 

BREF review questionnaires from operators.  

Phenol #1 

 
11.4.2.1.3 Collective pretreatments at source 

 

(i) Phase separation 

 

The various aqueous effluents will join in a collective stream. This stream will contain cumene 

and other organic components that can be easily separated prior to the WWT unit. Discrete 

phenol can be separated using a suitable phase separation device. The efficiency of collection 

can be increased by cooling the effluent, as this will minimise the solubility of phenol in the 

water phase. Other hydrocarbons will be present in the organic phase (such as cumene). See the 

CCW BREF. 

 

(ii) Chemical treatment of waste streams  

 

Treating waste waters containing phenolate with acid will ʻspringʼ free phenol, which can be 

collected as a discrete phase. See the CCW BREF. 

 

(iii) Hot recovery (azeotropic stripping) 

 

Subjecting aqueous effluents to stripping prior to discharge has the potential to produce a 

discharged effluent that has low residual phenol levels. The performance will be dictated by 

column design and operation, and surrogate parameters (such as bottom temperature) can be 

used for continuous control purposes. See the CCW BREF. 

 

An example is stripping acetone and cumene (e.g. from PRU water effluents) prior to sending 

the effluent to the WWT unit 

 

(iv) Solvent extraction  

 

Solvents (such as MIBK or cumene) can be employed to extract phenol from aqueous effluents. 

This allows the recovery of phenol but requires energy to both separate the phenol and solvent, 

and to strip residual solvent from the effluent before discharge. See the CCW BREF. 

 

(v) Phenol recovery unit (PRU) 
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Description 

This is a combination of generic techniques to treat several types of aqueous emissions that arise 

in a phenol plant. It is a counter-current process in which cumene is used as an extraction 

solvent. 

 

Technical description 

Removal of phenol from the cumene/AMS mixture prior to AMS hydrogenation or AMS 

purification; recovery of phenol from sodium phenate by ‘springing’ with sulphuric acid; 

recovery of phenol from the phenolic waste water. This requires a small process set up with 

decanters, counter-current or extraction columns and other basic unit operations. 

 

Example 1: All phenol-containing water streams are washed with cumene. The phenol in the 

cumene stream is extracted with caustic solution. The resulting sodium phenate solution is used 

as a neutralising agent for the cleavage product. 

 

Achieved environmental benefits 

This technique reduces the content of cumene and phenol in the aqueous effluent from the plant 

to the WWT unit. Recovery of final products and feedstock. 

 

Reduce and recover salts from the aqueous stream generated in neutralisation section. 

 

Phenol content in water effluents can be reduced from 1 % to 10 ppm (Ullmann's Encyclopedia 

of Industrial Chemistry: phenol; 2005; Michael Kleine-Boymann, Manfred Weber and Markus 

Weber). 

 

Environmental performance and operational data 

 

Cross-media effects 

Requires use of cumene as a solvent, and caustic and acid consumption also. 

 

Technical consideration relevant to applicability 

Fully applicable to all types of phenol plants. Requires a small investment. 

 

Economics 

This treatment (at source) unit should be paid back in a few years (2–6) due to the recovery of 

raw materials and final goods. 

 

Driving force for implementation 

The lower operating cost drives the application; this is due to recovery of feedstocks (cumene 

and phenol), that are the major drivers for implementation. 

 

Example plants 

 

Reference literature 

Phenol #5 & 7 
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Figure 11.7: Block flow diagram of phenol recovery set-up 

 
11.4.2.1.4 Ensure lower variability in phenol content 

 

See the CWW BREF for homogenisations under 'Balancing of flows and pollution loads/ 

concentration by equalisation tanks'. 

 

Description 

These are measures that aim to reduce the variability of phenol content value in the inlet of 

biological treatment. 

 

Technical description 

Large buffer tanks, online monitoring, etc. The biological plant performance for phenol removal 

is driven by stability. Avoidance of peaks and fluctuations is a must. This can be achieved by 

means of halogenations tanks. 

 
11.4.2.1.5 Use cleavage process without water addition 

 

[Request to TWG: Please review and validate this hypothesis. This may not be relevant due to 

small water flow in those cases where it is added in cleavage]. 

 

Some cleavage processes include, in their design, addition of water in cleavage to favour yields 

towards valuable products. Other processes do not add water and thus do not generate this 

effluent (that is isolated in fractionation). 

 

11.4.3 Techniques to reduce raw material consumption 
 

11.4.3.1 Techniques to consider on cumene consumption 
 

See Chapter 11.3.3 on ʻcurrent consumption levelsʼ of phenol plants. These techniques also 

avoid the generation of tar and other co-products. 

 

11.4.3.2 Techniques to consider on acid consumption 
 
11.4.3.2.1 Static mixers 

 

Description 

Piping component to improve composition homogeneity. 

Technical description 
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Piping component that enhances the distribution of catalyst along the cleavage stream to reduce 

composition variability. 

 

Achieved environmental benefits 

Reduced acid and water usage. 

 

Environmental performance and operational data 

 

Cross-media effects 

None. 

 

Technical consideration relevant to applicability 

Generally applicable. 

 

Economics 

Low investment cost paid off by reduced acid usage. 

 

Driving force for implementation 

Higher cumene yield due to lower impurities formation in cleavage section. 

 

Example plants 

 

Reference literature 

Phenol #7 

 
11.4.3.2.2 Calorimeters 

 

Description 

Piping and instrumentation to estimate degree of CHP conversion. 

 

Technical description 

Piping and instrumentation set-up that reproduces (forecasts) the degree of conversion of the 

cleavage reaction in a reactor bypass. The estimation is based on heat released by a constant 

flow (delta temperature). 

 

Achieved environmental benefits 

Reduced acid and water usage. 

 

Environmental performance and operational data 

 

Cross-media effects 

None. 

 

Technical consideration relevant to applicability 

Fully applicable. 

 

Economics 

Low investment cost paid off by reduced acid usage. 

 

Driving force for implementation 

Higher cumene yield due to lower impurities formation in cleavage section. 

 

Example plants 

 

Reference literature 

Phenol #7 
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11.4.4 Techniques to reduce energy consumption 
 

Energy usage is an indirect source of combustion-related emissions to air. This section is 

developed addressing techniques applied to reduce the demand. For techniques applied on the 

combustion processes, on the energy supply side, see the LCP BREF. 

 
11.4.4.1.1 Techniques for separation energy consumption 

 

Pinch analysis is fully applicable. See Generic sections of the LVOC BREF. 

 
11.4.4.1.2 Techniques for compression energy consumption 

 

See Generic sections of the LVOC BREF. 

 
11.4.4.1.3 Energy recovery 

 

Description 

This is a group of structured measures that seek to reduce net energy demand. This can be 

achieved using energy recovered from the process streams. 

 

Technical description 

See Table 11.8 below. 

 

Achieved environmental benefits 

Reduced emissions of combustion-related pollutants to air such as NOX and SOX. 

 

Environmental performance and operational data 

The BREF review questionnaires reported 28 kW/t of product. 

 

Cross-media effects 

See Table 11.8 below. 

  

Technical consideration relevant to applicability 

See Table 11.8 below. 

 

Economics 

Lower operating cost. 

 

Driving force for implementation 

Lower operating cost. 

 

Example plants 

 

Reference literature 

Phenol # 7 
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Table 11.8: Energy recovery opportunities 

Energy Opportunity Impact Applicable Cross-Media 

Heat of reaction from 

last oxidiser can be used 

to separate cumene in 

concentration 

High reduction Retrofit None 

Heat of fractionation 

reboilers from 

fractionation condensers 

Medium reduction Retrofit None 

Use of highly efficient 

packing trays instead of 

old classic design 

Small reduction New fractionation unit None 

Use high vacuum 

instead of medium or 

low 

Medium reduction New vacuum system 
Higher energy on 

vacuum 

Replace crude 

azeotropic phenol 

column with ion 

exchange technology 

Medium reduction New fractionation unit Spent resin as waste 

Reduce the % O2 in 

oxidation spent air 
Small reduction Fully Selectivity issues 

 

 

11.4.5 Techniques to reduce waste generation 
 

11.4.5.1 Techniques to reduce tar formation 
 

a) Low pressure oxidation approach 

 

See the emissions to air section in this phenol chapter. 

 

b) Two-step cleavage process 

 

There are numerous articles on how installations have incorporated improvements into their 

reaction systems, leading to higher yields in phenol, acetone and AMS. 

See previous sections for more detailed descriptions. 

  

References: 

 Phenol #5, 6, 7, 8 & 9 

 

11.4.5.2 Techniques regarding reuse of tar 
 

Incineration is no longer used for tar. Cracking is still used in a few installations. See the CWW 

BREF and the LCP BREF for use of tar as a fuel for energy generation. 

 
11.4.5.2.1 Tar cracking 

 

Description 

Method for separating valuable products from tar by treating the tar with steam. 

 

Technical description 

Heating it in a continuous operation column-type reactor (i.e. a thermo cracker). The phenol tar 

is first fed into the middle part of the column-type reactor. Upon heating, the phenol tar is 

refluxed, and the vapour which does not condense is led into a separation stage. The waste tar 

residue is removed from the bottom of the reactor. 

 

Achieved environmental benefits 

The amount of tar waste to be managed is reduced and the usage of feedstock is improved. 
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Environmental performance and operational data 

(Questionnaires) kg/t phenol 

 

Cross-media effects 

Greater use of energy (steam) to crack large molecules 

 

Technical consideration relevant to applicability 

Major retrofits 

 

Economics 

Improved cumene feedstock yield. 

 

Driving force for implementation 

Improved cumene feedstock yield. 

 

Example plants 

 

Reference literature 

Phenol #19 

 
11.4.5.2.2 Energy recovery 

 

Description 

Send tar stream to furnace to recover heat. 

 

Technical description 

The bottom cut from one phenol purification column is sent to furnace. Phenol tar is a complex 

mixture which comprises phenol, acetophenone, dimethylbenzyl alcohol, α-methylstyrene 

dimers, p-cumylphenol, and small amounts of salts (principally Na2SO4) that may generate 

burner issues. 

 

Achieved environmental benefits 

No need to manage tar generated by process 

 

Environmental performance and operational data 

2 kg/t of phenol 

 

Cross-media effects 

Increase in emissions from combustion (such as SOX) due to the fact that this high boilers may 

contain salts from neutralisation or other sections. 

 

Technical consideration relevant to applicability 

Retrofit. 

 

Economics 

Lower operating cost by saving fuel. 

 

Driving force for implementation 

Lower operating cost by saving fuel. 

 

Example plants 

Reference literature 

• Phenol #5 

• Phenol #7 

 

11.4.5.3 Techniques to minimise spent adsorbent 
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See the section on emissions to air. 

 

11.4.5.4 Techniques to reduce spent ion exchange resins 
 
11.4.5.4.1 Sodium phenolate neutralisation 

 

See the section on emissions to water. 

 
11.4.5.4.2 Phenol purification process with no ion exchange 

 

Description 

Distillation column that obtains purified phenol stream as the bottom cut and an azeotrope of 

water and organic impurities as the top cut. 

 

Technical description 

Phenol, which still contains AMS (and some cumene if the cumene was present in the crude 

phenol) and impurities comprising MBF, is subjected to distillation in the presence of water. 

This is to recover a heavy product, comprising phenol containing a reduced amount of MBF, 

and a light product, containing water, AMS, any cumene added to the column and phenol. Prior 

to the distillation in the presence of water (either before or preferably after treatment with 

amine), high-boiling components are separated from the phenol by a coarse distillation.  

 

The AMS maintained in the phenol introduced into the column can function as an extraction 

solvent in the condensed overhead recovered from the column. More particularly, condensation 

of the overhead from the azeotropic distillation column produces a water phase and an organic 

phase, with the MBF present in the overhead being extracted into the AMS of the organic phase, 

thereby permitting the recycling of all or a portion of the water phase (the water phase includes 

some phenol) to the azeotropic distillation column. 

 

In addition, the presence of AMS (and generally also some cumene) in the azeotropic 

distillation column permits a reduction in the amount of water required in the column, which 

reduces the amount of phenol recovered in the light product. Thus, the presence of the AMS in 

the column permits a reduction in the ratio of water to phenol used in the column, as compared 

to such distillation in the absence of extraction solvent in the column.  

 

As a result of maintaining AMS by-product in the phenol product introduced into the distillation 

column, it is possible to separate MBF in the overhead fraction by use of a weight ratio of 

weight to phenol which is as low as 0.05:1, preferably at least 0.1:1. In general, such a result can 

be accomplished with a water–phenol ratio that does not exceed 0.8:1, and most generally does 

not exceed 0.5:1.  

 

The amount (weight) of AMS and cumene or AMS alone (solvent) required in order to perform 

the separation of the MBF with reduced water is a multiple of the amount (weight) of the MBF 

present. For the range of MBF concentrations usually present in the crude phenol (30–200 ppm), 

the solvent is generally employed in an amount of at least 0.5 %, with the solvent amount 

generally not exceeding 10 % and most commonly not exceeding 7 %, all by weight, based on 

phenol. 

 

Achieved environmental benefits 

No spent ion exchange resins are generated. 

 

Environmental performance and operational data 

High purity phenol (25 ppm 2MBF) is obtained with no waste generation. 

 

Cross-media effects 

Larger aqueous emission to WWT. 
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Technical consideration relevant to applicability 

New fractionation unit. 

 

Economics 

 

Driving force for implementation 

No driving force different to environmental driving force. 

 

Example plants 

Lummus/Allied/Enichem/UOP related plants. 

 

Reference literature 

Phenol #12 

 

11.4.6 Techniques to reduce other than normal operating conditions 
 

11.4.6.1 Emissions to air from hydrogenation start-up 
 
11.4.6.1.1 Channelling of vent gases 

 

During start-up some installations route the reaction downstream to atmosphere. Channel the 

reactor downstream lines to (other than atmosphere) a vent abatement device. This technique is 

described in more detail in the section on generic techniques to consider.  

 

11.4.6.2 Emissions to air from malfunction on oxidation spent air 
 
11.4.6.2.1 Longer uptime for condensing capacity   

 

Description 

This technique ensures short downtime of the abatement devices for this emissions stream. This 

is a group of structured measures that seek to deliver maximum availability of utilities (at design 

conditions) on condensers. 

 

Technical description 

• Redundant cooling water pumps.  

• Condensers duties are overdesigned by an additional factor.  

• Higher level of process control and alarms on these utility systems (CW and chilled 

water). Interlock to avoid oxidation operation in case of lower condensing capacity, etc. 

 

Achieved environmental benefits 

Reduced yearly emissions of VOCs to air are achieved. 

 

Environmental performance and operational data 

 

Cross-media effects 

 (Slightly) higher energy usage or higher capital cost. 

 

Technical consideration relevant to applicability 

Generally applicable. 

 

Economics 

 

Driving force for implementation 

Larger raw material recovery, larger yields. 

 

Example plants 
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Reference literature 
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11.5 Emerging techniques 
 

[Note to TWG: the EIPPCB has developed some contents for the emerging techniques sections 

of the BREF. Neither the data collection questionnaires nor TWG members' spontaneous 

comments have provided sufficient information for the current BREF review on this topic. 

Therefore, TWG members are invited to complete the information collected by the EIPPCB: 

 The contents are presented in a tabular format in accordance with the BREF guidelines 

((2012/119/EU) 

 In some cases the technique has been identified as emerging but there is a lack of 

information to complete the fields to describe it] 

 

11.5.1 Direct catalysed oxidation of benzene 
 

Description 

The direct catalysed oxidation of benzene to phenol can be achieved by the use of nitrous oxide, 

oxygen or air.  None of these routes has been exploited, either due to low efficiencies, or 

problems associated with assuring the quality of nitrous oxide. 

 

Commercially developed 

One reaction that is being developed on a commercial scale is the AlphOx process developed by 

Solutia and the Boreskov Institute of Catalysis in Moscow. This has been running as a pilot 

plant since 1996 and may come on stream commercially in the next few years. 

 

This reaction uses nitrous oxide (N2O) as the oxidising agent, which reacts with benzene in the 

vapour phase to give phenol and nitrogen. The process uses metal modified zeolite catalysts, 

such as V2O5/ MoO5/ ZSM-5 and Fe2O3/ MoO3/ ZSM-5, which transfer atomic oxygen, from the 

decomposition of the N2O on their surface, to benzene. The active catalyst appears to be the 

metal species occupying the pores in the zeolite structure. 

 

This reaction is of particular value to Solutia, as they are a major producer of hexanedioic acid 

(adipic acid), used in nylon production, and N2O is produced is a by-product. This cannot 

simply be released into the atmosphere as it is a pollutant under strict control, so its use to make 

phenol removes the need to treat it as waste and generates a valuable product 

 

Level of environmental protection 

Not clear how this will reduce environmental impact compared to the cumene oxidation route. 

 

Cost savings compared to existing BAT 

The direct oxidation of benzene can be achieved using several different oxidising agents, but 

none of these have yet proved economically viable on a large scale. 

 

Chance of becoming BAT in the future 

Considerable research is going on into finding catalysts, which might allow the direct oxidation 

of benzene to phenol. 

 

When it might become commercially available 

Up to 20 years or more 

 

References 

http://www.greener-industry.org.uk/ 

 

11.5.2 Oxidation of toluene 
 

Description 

The oxidation of toluene in two steps via benzoic acid avoids the coincidental production of 

acetone.  This route was introduced during the 1960s, but the last plant employing this route was 

closed in 2006.  There is therefore currently no commercial production of phenol from toluene. 

http://www.greener-industry.org.uk/
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Commercially developed 

Not at the time of writing 

 

Level of environmental protection 

The advantage of the oxidation of methylbenzene is that it produces no propane co-product and 

also very few impurities. It has greater efficiency, a high yield, and produces far less waste than 

the cumene oxidation process. 

 

Cost savings compared to existing BAT 

At present, however, the process is up to 3 to 4 times more energy intensive than the cumene 

oxidation process. 

 

Chance of becoming BAT in the future 

Medium, still need to solve conceptual design issues. 

 

When it might become commercially available 

Up to 10 years or more 

 

References 

http://www.greener-industry.org.uk/pages/phenol/8PhenolProdMethods3.htm 

 

http://www.greener-industry.org.uk/pages/phenol/8PhenolProdMethods3.htm
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12 ETHYLBENZENE 
 

12.1 General information 
 

[Request to TWG: please check the production capacity information and the detailed list of 

production sites set out in Table 12.1 and provide updates and corrections where appropriate.] 

 

Ethylbenzene (C6H5-C2H5) is almost exclusively (> 99 %) used as an intermediate for the 

manufacture of styrene monomer, which is one of the most important large-volume commodity 

chemicals. Styrene production uses ethylbenzene as a starting raw material and is responsible 

for 50 % of the world’s benzene production. The less than 1 % remaining of the ethylbenzene 

produced is used as paint solvent or as an intermediate for the production of diethylbenzene and 

acetophenone.  

 

Almost all ethylbenzene is produced by alkylating benzene with ethylene. The newest 

technologies utilise synthetic zeolites to catalyse the reaction, although a considerable quantity 

of ethylbenzene is still produced by alkylation using an aluminium chloride catalyst. 

 

In 20YY, the production capacity of ethylbenzene in Europe was ## million tonnes, which was 

XX % of global capacity. European production of ethylbenzene is summarised in Table 12.1 

below. 

 
Table 12.1: European producers of ethylbenzene  

Country City Operator Catalyst Used Capacity 

Belgium Antwerp Styrolution AlCl3 / Zeolite  

Bulgaria Burgas Lukoil   

Czech Republic Litvinov Synthos   

France Gonfreville Total   

Germany Ludwigshafen BASF  600 

Germany Marl Ineos   

Germany Böhlen Styron   

Italy Mantova Versalis   

Italy Sarroch Versalis AlCl3 547 

Italy Priolo Versalis   

Netherlands Maasvlakte Lyondell Basell   

Netherlands Moerdijk Shell   

Netherlands Terneuzen Styron Zeolite 890 

Romania Pitesti Arpechim   

Slovakia Bratislava Slovnaft   

Spain Tarragona Repsol  505 

Spain Puertollano Repsol  180 

United 

Kingdom 

Stanlow Shell   

 

[Request to TWG: Please provide a short summary of the key economic issues and market 

trends for this subsector] 

 

Key Environmental Issues 

 

The key environmental issues for the production of ethylbenzene are as follows. 

 

 Emissions to air of VOCs, which are normally channelled and collectively treated.  

 The AlCl3 process generates solid and liquid waste from a neutralisation step. In some 

plant designs, the raw materials may be in a dilute feed resulting in large streams being 

sent back to upstream units. 
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 The production of tars, which are separated in fractionation but generated upstream. 

Reaction selectivity is key factor to minimise tar at source. Waste is also produced from 

catalyst regeneration. 

 

Fugitive emissions and emissions from storage are also relevant. The new processes based on 

zeolites (especially the liquid phase one) generate less waste and less effluents. 
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12.2 Applied processes and techniques 
 

Commercially, almost all ethylbenzene (EB) is produced by alkylating benzene with ethylene. 

The newest technologies utilise synthetic zeolites installed in fixed bed reactors to catalyse the 

alkylation in the liquid phase. However, another proven route uses narrower pore synthetic 

zeolites, also installed in fixed bed reactors, to effect the alkylation in the vapour phase.  

 

A considerable quantity of ethylbenzene is still produced by alkylation with homogeneous 

aluminium chloride catalyst in the liquid phase, though the recent trend in the industry has been 

to retrofit such units with zeolite technology.  

 

The ethylene used in the process can be supplied as polymer-grade, chemical-grade or it 

sometimes comes from a FCC unit. Chemical-grade and FCC ethylene are often referred to as 

ʻdiluted ethyleneʼ (in the sense that the feedstock contains a significant proportion of non-

ethylene molecules: typically 20 % to 80 % by mass). Thus a key process feature is whether it 

can handle a wide range in ethylene feed composition, e.g. from 10 % to 100 % ethylene. Most 

EB units use polymer-grade ethylene but most alkylation processes can be designed to use some 

sort of diluted ethylene, such as ethylene in the gas product stream of FCCs, as a means of 

reducing feedstock costs. 

 

12.2.1 Process options 
 

The principal options for the production of ethylbenzene via the alkylation route are: 

 

 the aluminium chloride process, 

 the boron trifluoride catalyst process, 

 fixed bed zeolite catalyst process. 

 

Aluminium chloride process: This uses aluminium chloride as a catalyst (referred to as the 

aluminium chloride process in the following chapters). This route is used less frequently. Liquid 

phase AlCl3 catalyst with use of halides promoter: generates larger catalyst waste with complex 

removal and management. Monsanto process reduces the required catalyst. There is an aqueous 

waste stream from the reaction downstream wash. 

 

BF3 catalyst (Alkar-UOP) enables flexible feedstock. This process is not present in the EU, and 

so is not considered further. 

 

Zeolite catalyst: This process uses zeolite catalyst in vapour phase (referred to as the gas phase 

process in following chapters). Vapour phase zeolites (fixed bed) deliver better selectivity and 

simpler catalyst management. Zeolites offer low benzene–ethylene ratios, which reduces the 

size of equipment and reduces the production of by-products. Suited for diluted ethylene 

streams (FCC).  Use of zeolite catalyst in liquid phase (referred to as the liquid phase process in 

following chapters). Liquid phase (new zeolites) operates below critical benzene temperature 

(289 ºC). 

 

The alternative to alkylation is via extractive processes.  

 

Extraction process: Several facilities were built during the 1960s in the United States, Europe, 

and Japan that recovered ethylbenzene by the fractionation of the mixed xylenes produced in 

refinery catalytic reforming units. The separation generally requires three distillation columns in 

series, each with over 100 stages. This practice has largely been discontinued due to the poor 

economics that result from the high energy and investment costs, as well as small economies of 

scale in comparison to the conventional alkylation routes. It will therefore not be covered in this 

chapter. 

 

The table below shows the scope of this document regarding EB-related processes. 
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Table 12.2: List of EB manufacturing and consumption processes 

Manufacturing process Product Scope 

EB from BZ alkylation EB yes 

EB extraction from xylenes EB no 

Consumption process Product Scope 

Dehydrogenation of EB SM yes, Chapter 13 

Styrene from xylenes SM no 

Oxidation of toluene SM no 

Dimerisation of butadiene SM no 

Chlorohydrin PO no 

EB indirect oxidation PO and MS yes, Chapter 14 

Isobutane indirect oxidation PO and MTBE no 

Acetaldehyde indirect oxid. PO and acetic acid no 

Direct oxidation PO no 

Cumene/CHP PO no 

 

12.2.2 Alkylation route 
 

Despite significant differences in the process, the principle for both the aluminium chloride and 

zeolite processes is the same and the process steps are also similar. A subcategory of the liquid 

phase zeolite alkylation process is to perform the reaction in a reactive distillation column. 

 

The reaction occurs mixing an excess of benzene with ethylene in the presence of catalyst. The 

reaction is exothermal. Although there is an excess of benzene, and some specific reactor design 

features to avoid side reactions, a significant portion of the ethylene further reacts with 

ethylbenzene to form mostly isomers of diethylbenzene and triethylbenzene along with smaller 

amounts of heavier molecules.  

 

These by-products are separated and recycled in a transalkylation section. This reaction is 

typically isothermal and requires an acidic catalyst, like the alkylation reaction.  

 

Therefore, all alkylation processes involve similar process steps: 

 

 benzene drying and/or pretreatment (this section is not included in all EB plant 

designs); 

 alkylation section (including heat recovery); 

 benzene separation/ ethylbenzene separation; 

 polyethylbenzene distillation; 

 transalkylation section (sometimes combined with the alkylation section); 

 drag cumene distillation in some cases. 

 

In addition, the AlCl3 process also includes: 

 

 wash section,  

 catalyst and promoter handling, 

 spent catalyst concentration and purification. 

 

12.2.3 Other than normal operating conditions 
 

12.2.3.1 Specific other than normal operating conditions 
 

Deviation from stable and normal operating conditions can arise for the following reasons: 

 

 drying phase to prevent zeolites poisoning; 

 fractionation malfunction; 

 spent catalyst concentration and purification (AlCl3 process); 
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 catalyst regeneration operations; 

 catalyst (life) end of run: beyond threshold; 

 catalyst and promoter handling: replacement operation; 

 plugging due to catalyst (heat exchangers, columns, etc.) 

 

These occurrences can range from 5 to 30 days per year. (The AlCl3 process normally results in 

more days of other than normal operating conditions than the zeolite processes). 

 

12.2.3.2 Generic other than normal operating conditions 
 

The following operations deviate from standard operating procedures in EB manufacturing 

plants. 

 

 Routine start-up. 

 Shutdown for maintenance preparation: e.g. equipment flushing, higher load to WWT, 

potential emission to surface water (rainwater) header. 

 Low plant rate due to force majeure. (These are flaws that occur on final product 

consumption or raw material supply.)  

 Containment losses greater than normal in systems that operate under vacuum. This will 

increase ejector water/steam usage, net emissions to water or air. 

 Plant idle due to loss of containment: corrosion or rupture disk. 

 Service or utility failure: malfunction of cooling water and/or chilled water; power, 

DCS, instrument air. 

 

These occurrences can range from 10 to 60 days per year (without taking into account the lower 

plant rate event). 

 

12.2.4 Equipment important for environmental protection 
 

The following systems carry out important functions to protect the environment and require the 

best availability possible. 

 

Air: Cooling water header; condenser fouling can result in a loss of efficiency. 

End-of-pipe system reliability: flare or furnace (note that flares should only be used as a 

safety device and not as an abatement system). 

VOC and benzene continuous detection system. 

 

Water: Benzene drag decanter: organic/water separation; water strippers. 

 

Waste: Catalyst management system/procedures 

 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 12 

474 April 2014 SH/TS/EIPPCB/LVOC Draft 1 

12.3 Current emission and consumption levels 
 

The alkylation process is relatively small and thus most of the vents may be channelled and 

gathered in a collective header. The following block flow diagram shows the major emission 

streams in the EB manufacturing process. 

 

 

Figure 12.1 EB manufacturing process block flow diagram 

 

12.3.1 Emissions to air 
 

12.3.1.1 VOC emissions to air from the reaction section 
 

Zeolite-based processes: A distillation column is normally used downstream of the reactor to 

remove the unreacted benzene. The reaction products are to be found in the distillation tower 

bottoms. This is a straightforward distillation column, operated at medium pressures, and 

typically about 60 trays are used. The excess benzene is condensed out at the top of the column. 

 

Emissions to air from the condenser will include some benzene, but also ethylene, ethylbenzene 

and other VOCs. This stream may also contain some process inert materials originating in the 

ethylene feed, e.g. methane, as well as some light molecules generated by alkylation/ 

transalkylation side reactions.  

 

Process-integrated techniques: distillation column will include condensers. 

 

Pollutants: benzene (fed in excess to the reaction); ethylene; ethylbenzene; other VOCs. They 

contain all the inert species fed from feedstock, as well as some light molecules generated 

by alkylation/transalkylation side reactions. 

 

Monitoring: FID (EN 13526 and EN 12619) are available; normally not done in individual 

streams, most installations thus have limited data. 

 

Amount: normally not measured, but estimated at approximately 1.3 kg VOC/tonne of 

ethylbenzene produced. 

 

This stream is not released to atmosphere as it has sufficient calorific value to be used to 

produce energy, e.g. generate steam. It will normally be fed into a common combustion gas 

system shared with the downstream styrene monomer unit. If the benzene feed is also diluted, 
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and there is no benzene feed column in the process (see Section 12.3.1.2), then the top stream 

from the distillation column will be large and will need to be returned to the refinery. 

 

AlCl3 processes: The reactor has a different arrangement to the zeolite process. The reactor has 

a direct vent stream, and the abatement devices used are described in Section 12.4 of this 

document. Emissions will comprise organic and acid species. 

 

12.3.1.2 VOC emissions to air from the benzene feed column 
 

Zeolite-based processes: This unit is not always included in the process; its purpose is to dry 

the benzene feed to the reactor. If the benzene feed is diluted, then the top stream cut from the 

distillation column will be large and will need to be returned to the refinery. The overhead 

receiver of this distillation column collects two phases. The water phase and the hydrocarbon 

phase are separated using a decanter process and the recovered hydrocarbons are sent to the 

distillation section. 

 

Process-integrated techniques: distillation column will include condensers. 

 

Pollutants: benzene and other lighter hydrocarbons. 

 

Monitoring: normally not done in individual streams, most installations have limited data. 

 

Amount: normally not measured. 

 

AlCl3 processes: This unit is not present in this process. 

 

12.3.1.3 VOC emissions to air from product purification 
 

Both processes: The fractionation processes involve multiple distillations, some of which are 

done under vacuum. The vacuum systems will have a net emission from the vent outlet 

(regardless of whether pumps or ejectors are used to generate the vacuum). 

 

Process-integrated techniques: plant design and arrangements have numerous variations. 

 

Pollutants: diethylbenzenes, ethylbenzene and inerts – the emissions are likely to predominately  

comprise non-condensables from the condensers and/or vacuum systems.  

 

12.3.1.4 VOC emissions to air from shared end-of-pipe abatement 
 

Both processes: The plant can be provided with a vent recovery network for both continuous 

and non-continuous vents, and this should be used for combustion. In these circumstances, the 

plant emissions are reduced to a practically negligible amount. 

 

Flow: 30–300 kg/h (total VOC). 

 

Pollutants: benzene (< 8 g/t); VOC (1–8g/t); dust (0.02–2g/t) of ethylbenzene; and aid gases  

where AlCl3 catalyst is used. 

 

Monitoring: normally after abatement device, but upstream of any shared combustion or  

incineration, periodic measurement. 

 

For emissions from combustion plants and from incinerators (e.g. NOX from thermal oxidisers), 

see the CWW BREF. 
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12.3.1.5 Emissions of dust and VOCs to air from catalyst-related operations 
 

AlCl3 processes: Catalyst management involves frequent filter maintenance downstream of the 

reaction section with benzene present. There is also the possibility of dust emissions from 

powder handling, which is by pneumatic conveying. In the event of overpressure, there is an 

emergency vent which is routed to flare. 

 

Pollutants: a minimum amount of HCl can be present in the vent due to the reaction with  

humidity. The promoter (typically ethyl chloride) handling, which is needed by the aluminium  

chloride process, does not generate any effluent under normal operating conditions. 

 

12.3.1.6 Emissions to air from regeneration operations 
 

Zeolite-based processes: Zeolite processes require a catalyst regeneration system. This 

regeneration process could be done as part of the installation (with a dedicated system installed 

in the plant) or through treatment by third parties.  

 

The same regeneration process is used for the alkylation and transalkylation catalysts and for the 

feedstock guard beds. Hot gas (essentially N2) is passed through the spent catalyst using a 

compressor. The gas is then passed through a cooling system to recover the volatile component 

stripped out of the catalyst. The condensate is recycled back into the process. Feedstock guard 

beds are a fixed bed of absorbent material, e.g. clay or resins, to capture feed impurities to 

enhance catalyst life. 

 

AlCl3 processes: Spent catalyst solution is concentrated by evaporating the low-boiling solution 

of HCl in water. The spent catalyst is then sold as a waste. The vapour phase is condensed and 

recycled to the process. The vent from the condensing system may contain some HCl. The flow 

rate is very low because of the high solubility of HCl in water.  

 

12.3.1.7 VOC emissions to air from fugitive emissions 
 

Much of the process operates under pressure; for fugitive releases see the CWW BREF. Other 

operations that could result in fugitive releases include maintenance during turnarounds. 

 

Pollutants: methane ethylbenzene, ethylene, benzene and other VOCs. VOCs (including 

methane) up to 50 g/tonne of ethylbenzene, Benzene up to 10 g/tonne of ethylbenzene – both 

these figures exclude emissions from storage. 

 

Monitoring: Kg/t EB or kg/year, using the method described in the CWW BREF. 

 

12.3.1.8 VOC emissions to air from storage 
 

Most units include benzene storage (size depending on the logistics of benzene), ethylbenzene 

storage and residue storage. These are typically atmospheric storage tanks. Some units have dry 

benzene storage, off spec ethylbenzene storage, alkylation reactor product storage, and 

polyethylbenzene storage.  

 

Pollutants: raw materials, products and co-products. 

 

Monitoring: kg per tonne of EB, kg per year. 

 

The tanks, spheres and other storage assets that are used for raw materials, and consumable end-

products and intermediates, can be located geographically far from the process in order to share 

abatement techniques with storage from other processes. For further information see the EFS 

BREF. 
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12.3.1.9 Emissions to air from combustion processes 
 

Steam boilers or hot oil furnaces that supply heating fluid utilities can be dedicated to the EB 

plant or shared with other nearby processes. These emissions may also include the combustion 

of non-conventional (non-commercial) fuel, such as the tar stream generated in the fractionation 

section. For further information see the LCP BREF. 

 

Pollutants: SOX, NOX, COX, dust, etc. 

 

Other than normal operating conditions: dust emitted in soot blowing. 

 

12.3.1.10 Emissions to water 
 

The generation of emissions to water in ethylbenzene plants are described by source below. 

However, most EB plants gather all these streams together and treat them collectively. 

Therefore, data availability on individual streams is scarce. The net effluent generated is 

approximately 0.1 m
3
/t EB in zeolites and double for AlCl3 catalyst. 

 

Zeolite-based processes: The liquid phase zeolite process has very low or negligible emissions 

to water, depending on the detail design; (i.e. the water effluent is suitable for use as boiler feed 

water).  

 

Table 12.3 below provides information on the total to the waste water treatment unit from the 

zeolite process.  

 
Table 12.3: Effluent characteristics 

TOC (mg/l) kg/t EB 

0.024-0.15 50-390 

 (min) mg/l (max) mg/l 

Benzene 24 47 

TSS 8.3 13.6 

TOC 193 450 

 

 
12.3.1.10.1 Neutralisation downstream reaction - AlCl3 process 

 

AlCl3 processes: The liquid reactor effluent is cooled and discharged into a settler, where the 

heavy catalyst phase is decanted from the organic liquid phase and recycled. The organic phase 

is washed with water and caustic to remove dissolved AlCl3 and promoter. This process may 

generate two streams: a waste that contains most of the catalyst and promoter, and the aqueous 

emission. 

 

Pollutants: organic salts, benzene, acid catalyst. 

 

12.3.1.11 Organics to water from benzene drying operation 
 

Both processes: Before introducing benzene into the reaction section (alkylation, 

transalkylation), it is necessary to remove residual water in order to avoid poisoning the catalyst. 

This is usually done using a trayed distillation column and a reboiler using steam as the heating 

source. The overhead of the column consists of benzene and water. Benzene is recycled and oily 

water sent to the oily water treatment unit of the site.  

 

Another technique for drying benzene can be just settling water from benzene feed using a 

decanter. The pollutants will be the same as for trayed distillation.  

 

Pollutants: benzene and other hydrocarbons, amounts are low (corresponding to water ppm in  
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feed). Water from benzene drying can be reused. 

 

12.3.1.12 Emissions to water from catalyst regeneration 
 

AlCl3 processes: There are a number of special operations on catalyst handling and catalyst 

regeneration, which include scrubbing with alkaline solutions.  

 

Pollutants: salts (AlCl3), TSS, HCl, etc. Flow = 0.3–0.5 m
3
/h. 

 

12.3.1.13 Raw material consumption 
 

Benzene and ethylene 

 

The benzene and ethylene consumption is an effective measure of waste and/or by-product 

generation and is the key parameter that influences plant profitability. 

 

Benzene consumption: (0.736-0.781) tonnes per tonnes of EB. 

Ethylene consumption: (0.264-0.281) tonnes per tonnes of EB. 

Source: 2012 EIPPCB questionnaires. 

Benzene feed purity: The major impurities in the ethylbenzene product can include non-

aromatics (naphthenes) and toluene. Depending on the operating conditions and technology, 

these components can originate from the feed benzene or be generated in the reactor. There is a 

wide variation in distillation column operating conditions, particularly in revamped facilities. 

 

Ethylene feed purity: The most problematic contaminant is propylene because it forms cumene 

that contaminates the styrene monomer product downstream. Other non-reacting inerts are 

discharged from the process via the distillation waste gas 

 

Catalyst consumption 

 

Zeolite-based processes: Periodic replacement of the catalyst is required every two to three 

years. Catalyst deactivation is slow and occurs as a result of coke formation and requires 

periodic regeneration. In situ regeneration takes approximately 36 hours and may be necessary 

after 18–24 months of operation, depending on the operating conditions. Ex situ regeneration is 

also used.  

 

The catalyst used in the gas phase EB process is less sensitive to water, sulphur, and other 

poisons than the Lewis acid catalysts and zeolite catalysts operating in the liquid phase. The 

catalyst can also be deactivated by basic compounds. In the liquid phase process, the catalyst 

can be poisoned by basic nitrogen compounds, sulphur and water. 

 

AlCl3 processes: A continuous stream is required to replace catalyst losses. The catalyst is also 

poisoned by alkaline substances, but this has normally no effect because of the continuous 

make-up of fresh catalyst. Entrainment and physical losses to downstream are relevant. 

 

Caustic consumption - AlCl3 process 

 

Catalyst recovery takes place downstream of the reaction section. The acid catalyst residues in 

the organic phase are removed by caustic washing. The pH of the resulting waste water stream 

may be too alkaline and for this reason it may be neutralised with HCl, prior to being sent to the 

waste water treatment plant. Part of the HCl used for this will be produced in the concentration 

of the spent catalyst; the remainder will be from an external source. 

 

12.3.1.14 Energy consumption 
 

The type of energy used in a plant is defined by the local conditions and plant configuration. 

The values below show the range of energy utilities per tonne of EB: 
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 electricity (kWh/t EB):         25–32; 

 steam (kWh/t EB)              95–478; 

 heat recovery (kWh/t EB)  680–730; 

 total (kWh/t EB)                    505–636. 

 

Low-pressure steam production is not considered in the above total energy usage figures. 

 
12.3.1.14.1 Energy consumed in fractionation operations 

 

The number of columns involved, and the nature of the separations required, mean that the 

energy consumed for the fractionation processes is likely to be significant. 

 
12.3.1.14.2 Energy recovered from process heat 

 

Most of the steam produced in the overhead condensers can be used in the styrene monomer 

dehydrogenation process and indirect oxidation (SMPO) processes. Energy from the exothermic 

alkylation reaction can also be recovered inside its own reaction section, as inter-stage heat 

exchange between alkylation and/or transalkylation. Reaction heat can also be used to preheat 

both reactors. Excess heat can be used to generate 2-bar steam in the overhead condenser of the 

benzene recovery column. 

 
12.3.1.14.3 Effluent treatment and spent catalyst concentration 

 

AlCl3 processes: The spent catalyst solution is first treated by stripping with steam, in order to 

remove the VOCs, and afterwards the AlCl3 is concentrated by evaporation using steam. The 

stripping and concentration form part of the alkylation section of the process. 

 

The remaining liquid effluent may be routed to the SM plant, in order to remove the VOCs 

jointly with the water effluent of the dehydrogenation section. 

 

12.3.2 Water consumption 
 

In the overhead condensers and in the steam generators, removing the heat of reaction a huge 

amount of steam can be produced. The boiler feed water can be either taken from the grid or 

stripped condensate from other process units like the SM plants. 

 

12.3.3 Co-products, by-products and waste generation 
 

Ethane co-product: When diluted ethylene is used as feedstock, ethane is recovered in 

distillation steps. 

 

Benzene feedstock can be purified before feeding or in the benzene recovery column after the 

reaction, generating in both cases an organic gaseous stream and sometimes also a liquid one. 

 

12.3.3.1 Spent catalyst waste 
 

Zeolite-based processes: This includes the alkylation/transalkylation catalyst but not the 

pretreaters for benzene and ethylene. The catalyst is in a fixed bed and completely changed 

during a turnaround or partly regenerated. The losses are for example from the replacement of 

catalyst guard beds for raw material pretreatment. 

 

Catalyst deactivation is a slow process and occurs as a result of coke formation and so requires 

periodic regeneration. In situ regeneration takes 36 hours and may be necessary after 18–24 

months of operation, depending on the operating conditions. The catalyst is less sensitive to 

water, sulphur, and other poisons than the Lewis acid catalysts and zeolite operating in the 

liquid phase. Basic compounds can also deactivate the catalyst.  

Importance/amount: 0.03–54 kg/t EB were reported in the EIPPCB questionnaires.  
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AlCl3 processes: Aluminium chloride catalysed alkylation remains in use in numerous existing 

plants where suitable means of disposing of spent catalyst are available. However, this disposal 

can represent a cost disadvantage in addition to those, which arise from these plants typically 

being older and smaller than state-of-the-art zeolite-catalysed EB plants. 

 

Catalyst is prepared from AlCl3 (anhydrous salt) and promoter (normally ethyl chloride, which 

forms HCl, in the reaction environment) and benzene. The fresh catalyst is a liquid, with partial 

solubility in the organic reaction phase, which can be separated by settling from the organic 

phase. Due to the solubility of the catalyst in the reaction effluent, a continuous make-up of 

fresh catalyst is required; this makes any treatment to remove low concentration poisoning 

substances from the reactants unnecessary; with the only exception being water, which can be 

present in the benzene in too high a concentration causing an excess of catalyst consumption.  

 

The continuous catalyst blowdown in solution in the alkylation effluent is removed by mixing 

with water and further separation by settling. The water phase containing AlCl3 and HCl from 

the bottom of the settler is saturated with VOCs (mostly benzene and ethylbenzene). The VOCs 

are removed by stripping with steam and the solution is then concentrated to a suitable AlCl3 

content in order to be sold as a by-product. The condensed evaporate, containing water and 

hydrochloric acid, is recycled to the process.  

 

The amount of spent catalyst solution is up to 25 kg/t of EB. 

 

12.3.3.2 Sludge from catalyst 
 

AlCl3 processes: When the resulting waste stream containing the AlCl3 cannot be sold as a by-

product, the aqueous phase from these washings can first be neutralised and then recovered as a 

saturated aluminium chloride solution and wet aluminium hydroxide sludge. 

 

12.3.3.3 Tar 
 

The reaction by-products generate a residue stream, or flux oil, consisting primarily of 

polycyclic aromatics. The largest portion of the yield loss leaves the unit through the residue 

stream (bottom of the polyethylbenzene recovery column). This product is a liquid consisting of 

a complex mix of relatively high molecular weight mono- or polycyclic hydrocarbons (10 

carbons and more). The purification system design may have different arrangements from plant 

to plant.  

 

In the most common arrangement, the distillation consists of a three-column train. From the first 

one, the benzene is removed from the top to be recycled back to the reaction sections. From the 

top of the second column, pure EB is separated. In the third column, operated under vacuum, the 

separation of heavier by-products is carried out. 

 

Transalkylable polyethylbenzenes (mainly diethylbenzene) are removed from the top of the 

column, while high-boiling by-products (flux oil) are extracted from the bottom. 

Diethylbenzene and triethylbenzene are present in low concentrations in the heavy cut stream, 

but they have already been minimised and recovered by distillation. 

 
Tar production Min Max  

Zeolite processes 3 6.5 kg/t EB 

AlCl3 processes  12.4 kg/t EB 

 

12.3.3.4 Spent clay 
 

The catalyst is very sensitive to contamination by polar molecules, so benzene and ethylene may 

be treated on beds (clay, alumina, etc.) to remove traces of contaminants. The fresh benzene 

feeds a pretreatment section, where a drying column or a water settler and a clay bed are used to 

remove oxygen and possible harmful impurities (catalyst poisons), as well as water. 
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12.3.3.5 Benzene drag 
 

Benzene drag is a purge from the top cut of the distillation column that normally goes to the fuel 

header. Range: 0.99–7 kg/tonne EB. 
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12.4 Techniques to consider in the determination of BAT 
 

This section describes techniques (or combinations thereof), and associated monitoring, 

considered to have the potential for achieving a high level of environmental protection in the 

activities within the scope of this chapter. The techniques described will include both the 

technology used and the way in which the installations are designed, built, maintained, operated 

and decommissioned. 

 

It covers process-integrated techniques and end-of-pipe measures. Waste prevention and 

management, including waste minimisation and recycling procedures are also considered, as 

well as techniques that reduce the consumption of raw materials, water and energy by 

optimising use and reuse. The techniques described also cover measures used to prevent or to 

limit the environmental consequences of accidents and incidents, as well as site remediation 

measures. They also cover measures taken to prevent or reduce emissions under other than 

normal operating conditions (such as start-up and shutdown operations, leaks, malfunctions, 

momentary stoppages and the definitive cessation of operations). Cross references to other 

chapters are used, where relevant to avoid repetition. 

 

Annex III to the Directive lists a number of criteria for determining BAT, and the information 

within this chapter will address these considerations. As far as possible, the standard structure in 

Table 2.3 is used to outline the information on each technique, to enable a comparison of 

techniques and the assessment against the definition of BAT in the Directive. 

 

This chapter does not necessarily provide an exhaustive list of techniques which could be 

applied. Other techniques may exist, or may be developed, which could be considered in the 

determination of BAT for an individual installation.  

 

12.4.1 Techniques to reduce emissions to air 
 

The emissions to air from the different sources of the plant are relatively similar in quantities 

and pollutant content. Most EB units will thus have a shared end-of-pipe abatement technique 

for these vents. Some streams have sufficient calorific value to be used as fuels in the on-site 

combustion plants. If an ethylbenzene dehydrogenation unit is located on the same site, this is 

often the steam superheater (SSH) furnace. For lower calorific value streams, a thermal oxidiser 

with energy recovery can be used, or the vent can be used as part of the combustion air in 

furnaces. Flares should be considered only as a last resort abatement device and used only for 

safety reasons. Further information on thermal oxidisers and flares can be found in the CWW 

BREF. 

 

12.4.1.1 Reduction of VOC emissions to air from the reaction downstream 
 
12.4.1.1.1 Process design selection 

 

Description 

A group of process design decisions that will lead to lower light vent gases from the benzene 

recovery step that is downstream of the reaction section. 

 

Technical description 

Key decisions relate to the configuration of the benzene recovery section together with the 

benzene feed design. Selection of feed specifications (when diluted ethylene is used this stream 

represents a valuable source of light hydrocarbons). Ethylene streams with larger inert or light 

hydrocarbon content can be used in certain EB alkylation processes. Selectivity: for liquid phase 

zeolite processes, the VOCs emitted here are produced upstream in the reaction sections. 

Condensers are by default part of the design of the recovery distillation column.  

 

Achieved environmental benefits 

Reduced emissions of VOCs to air (from this source and from the end-of-pipe device). 
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Environmental performance and operational data 

 

Cross-media effects 

Operating with diluted feedstock may lead to cheaper raw materials. 

 

Technical consideration relevant to applicability 

New units 

 

Economics 

Avoiding or reducing this vent stream flow may not be significant in terms of the overall 

operational cost. Operating with diluted feedstock may lead to cheaper raw materials. 

 

Driving force for implementation 

Reducing workload for end-of-pipe abatement device. 

 

Example plants 

 

Reference literature 

Ullmann's Encyclopedia of Industrial Chemistry and other scientific references 

 
12.4.1.1.2 Wet gas scrubber 

 

Description 

Alkaline scrubber for ALCl3 process. 

 

Technical description 

Washing with different scrubbers to recover hydrocarbons and neutralise the gas from acidic 

species. The vents of the alkylation section need to be treated to scrub hydrocarbons and acidic 

species. The vents are washed with alkaline water. Not applied individually but collectively, see 

the following chapters of this document. 

 

Technical consideration relevant to applicability 

AlCl3 process. 

 

For further information, see the generic techniques to consider chapter (Chapter 2.4) of this 

document or the CWW BREF. Following treatment, this stream will join the collective vent 

system and be delivered to the combustion unit. 

 

12.4.1.2 VOC emissions to air from benzene feed treatment 
 

These emissions will normally be routed as part of a collective vent system to an end-of-pipe 

abatement device, e.g. a thermal oxidiser. 

 

12.4.1.3 Emissions to air from shared end-of-pipe treatment 
 
12.4.1.3.1 Recovery at styrene monomer plant 

 

Description 

Feedstock recovery at the styrene monomer plant. 

 

Technical description 

Channel the vent header to the SM plant, to recover BZ and other VOCs with benzene/toluene 

stream. This plant includes a complete fractionation (distillation) train that already separates 

products from aromatic feedstock. 

 

Achieved environmental benefits 
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Reduced VOC emissions to air. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Zeolite processes. May depend on pressure, caloric content, nature (continuous, large, etc.) 

 

Economics 

Raw material recovery is normally more profitable than fuel. 

 

Driving force for implementation 

Operating cost. 

 

Example plants 

 

Reference literature 

 
12.4.1.3.2 Wet gas scrubber 

 

EB plants that are integrated with EBD plants (see Chapter 13) may have a shared absorber that 

collects all the vent streams and recovers the valuable components from them using a wet gas 

scrubber. 

 

In shared EB-SM units, the acid gas streams from the AlCl3 process are scrubbed with a NaOH 

solution, and the resultant gas joins the other neutral vents and is sent to combustion. 

Composition and flow rate are not measured although emissions from the furnace are monitored 

for VOCs and dust. 

 

12.4.1.4 Emissions of dust and HCl to air from catalyst operations 
 

Catalyst regeneration 

 
12.4.1.4.1 Convert AlCl3 plants to the zeolite process 

 

Description 

Design and execute the plant modifications and rest of tasks to implement the new process 

(utilities, training, procedures, etc.) 

 

Technical description 

Implement changes to the reaction section, feed treatment and product purification in order to 

enable the operation of the zeolite-based process. These retrofits are normally done at the time 

of the plant revamp. 

 

Achieved environmental benefits 

Lower dust emissions to air, and reduced effluent to water. Zeolite processes are significantly 

cleaner in this respect. 

 

In the older AlCl3 process, the disposal of the resulting waste streams has become increasingly 

costly unless it can be sold as a by-product. In addition, this route is susceptible to severe 

corrosion of equipment and piping this is a problem when the classical equipment material is 

used, but specific process material can handle these corrosive streams. 

 

Environmental performance and operational data 

Select the zeolite process; this does not need this downstream treatment. 

 Low operating cost as no need to wash and neutralise the reactor effluent. 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 12 

SH/TS/EIPPCB/LVOC Draft 1 April 2014 485 

 Low environmental impact because no waste water is generated by the process. 

 

Cross-media effects 

High investment cost. 

 

Technical consideration relevant to applicability 

Applicable to AlCl3 process route on plant retrofits. 

 

Economics 

High investment cost will be paid back through lower operating costs. 

 

Driving force for implementation 

Operating cost. 

 

Example plants 

 

Reference literature 

 
12.4.1.4.2 Water scrubbing for catalyst operations in AlCl3 process 

 

In the aluminium chloride process, dust during catalyst replacement operations can be abated by 

scrubbing with water, in a scrubbing column. The water is then reused in the wash section. See 

the CWW BREF for further information on dust abatement using scrubbers. 

 

It is necessary to concentrate the spent catalyst solution in order to recover it as a by-product. 

The hydrocarbons in the AlCl3 diluted solution are removed by steam stripping, the AlCl3 

solution is concentrated and the HCl in the vent is absorbed by water in a scrubber system prior 

to vent release to the atmosphere. The concentration is carried out by vaporisation of the low 

boiling of the solution (H2O and HCl). The vapour phase is then condensed and recycled to the 

process. The vent from the condensing system may contain some HCl. The flow rate is very low 

because of the solubility of HCl in water. 

 
12.4.1.4.3 Condensers for catalyst regeneration operations in zeolite processes 

 

In gas phase and liquid phase zeolite processes, a regeneration system can be used to regenerate 

the feedstock treaters (guard bed) as well as the alkylation and transalkylation catalyst. Catalysts 

can be regenerated ex situ and feedstock treaters can be handled by an external expert waste 

management company. 

 

The system consists of a fired heater, a compressor to circulate hot gas (essentially N2) and a 

cooling system to trap the molecules extracted from the feedstock treaters or the alkylation 

catalyst, which is being regenerated. See the CWW BREF for condensers and cooling traps. The 

condensate is recycled. 

 

12.4.1.5 Fugitive emissions 
 

For information on techniques to reduce fugitive emissions, please refer to the CWW BREF. 

 

12.4.1.6 Storage 
 

Most units include benzene storage (size depending on the logistics of benzene), ethylbenzene 

storage and residue storage. Those are typically atmospheric storage tanks. Some units have dry 

benzene storage, off spec ethylbenzene storage, alkylation reactor product storage, and 

polyethylbenzene storage. Due to the non-polymerising nature of benzene and ethylbenzene, the 

common techniques to reduce emissions can be applied there: 

 

 vents are fitted with a condensing unit; 
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 vents are routed to a combustion plant or thermal oxidiser. 

 

Further information is available in the CWW BREF and the EFS BREF. 

 
12.4.1.6.1 Combustion gases 

 

Emissions from combustion plants where the principal objective is the production of energy, 

e.g. as steam, heat, electricity or combined heat and power, are outside the scope of this BREF. 

Full descriptions of all the emission control techniques that can be applied can be found in the 

LCP BREF. 

 

 

12.4.2 Techniques to reduce emissions to water 
 

12.4.2.1 Techniques to reduce effluent from the neutralisation step 
 

Alkylation plants that use aluminium chloride catalysts produce an aqueous waste stream from 

the reactor effluent wash section. Effluent from the washing operation is typically 0.208 

m
3
/tonne of EB. The water phase and the hydrocarbon phase are first separated through a 

decantation process and the hydrocarbons are sent to the distillation section. 

 

 

Figure 12.2: Process flow diagram for AlCl3 process 

 

1) The water phase and the hydrocarbon phase are first separated through a decantation 

process and the hydrocarbons are sent to the distillation section. See the liquid phase 

separation description in the generic techniques to consider section.  

 

2) The water phase consists of a water solution containing salts of alumina and chloride, 

with traces of hydrocarbons. (Hydrocarbons will be stripped in a common unit that is 

located downstream). The aqueous phase from these treatment steps is then neutralised 

and then recovered as a saturated aluminium chloride solution (effluent) and wet 

aluminium hydroxide sludge (residue). These two basic techniques are also described in 

the generic techniques to consider section. 

 

More modern plants recover a concentrated aluminium chloride solution that has found use in 

municipal water treatment or industrial flocculation applications (see ʻisolate by-products for 

saleʼ in the generic section; more details in 12.4.6.1). However, where demand from such 

applications does not exist, disposal can present a problem. Sludge is typically sent to landfill, 

although sometimes hazardous waste incineration is required. 

 

The vent from the stripping process is routed to combustion processes; there is no separate 

measurement of flow or composition. 
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12.4.2.1.1 Selection of alkylation process 

 

Select the zeolite process as this process does not need downstream treatment of waste water. 

The operating costs and environmental impact are lower as there is no requirement to wash and 

neutralise the reactor effluent; and the exhausted catalyst itself is a completely inert material. 

See Section 12.4.1.4.1. 

 
12.4.2.1.2 Improved operation of neutralisation step 

 

Techniques which reduce catalyst use in the AlCl3 process will also reduce effluent. 

 

Effective operation of decanters or other liquid phase separation devices will reduce the organic 

content of waste water. (See the CWW BREF on decanters and phase separation.) This in turn 

will reduce the amount of stripping needed prior to discharge to the waste water treatment unit. 

 

Most water or condensates can be reused as boiler feed water after stripping. 

 

12.4.2.2 Techniques to reduce water from benzene feed treatment 
 

Effective operation of decanters or other phase separation devices will reduce the organic 

content of waste water. (See the CWW BREF on decanters and phase separation.) This in turn 

will reduce the amount of stripping needed prior to discharge to the waste water treatment unit. 

 

12.4.2.3 Techniques to reduce overall VOC to WWT unit 
 

Stripping of waste water to reduce the overall VOC content is fully described in the CWW 

BREF. Here it is employed as a pretreatment technique prior to the discharge of waste water to 

the waste water treatment unit. 

 

 

12.4.3 Techniques to reduce raw material consumption 
 

12.4.3.1 Techniques to consider on benzene and ethylene consumption 
 
12.4.3.1.1 Process design selection 

 

The zeolite processes are more efficient than the AlCl3 catalyst process. Conversion is described 

in Section 12.4.1.4.1. 

 
12.4.3.1.2 Ethylene multipoint injection 

 

Description 

Multipoint injection of ethylene to avoid temperature increase during reaction. 

 

Technical description 

The alkylation reaction is exothermic. Instead of supplying all the reactants in the fixed bed 

entrance, one reactant (ethylene) is fed in several points (pipes/nozzles) allowing the 

temperature to decrease in-between these injection points. 

 

Achieved environmental benefits 

Higher yields and reduced by-products and waste generation. 

 

Environmental performance and operational data 

 

Cross-media effects 

No major drawbacks. 
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Technical consideration relevant to applicability 

Retrofits or new plants. 

Economics 

Reduces operation costs. 

 

Driving force for implementation 

Reduces operation costs. 

 

Example plants 

 

Reference literature 

 
12.4.3.1.3 Process optimisation to improve yield 

 

Description 

A group of operational decisions that will lead to lower feedstock usage. 

 

Technical description 

Lower molar ratio (ethylene–benzene): There is a wide variation in excess benzene from plant 

to plant. These details are held confidentially by the licensors. A low E/B ratio in the feed 

mixture gives a low polyethylbenzene–ethylbenzene ratio in the reaction product, but requires 

larger equipment and increased energy consumption to recover the additional unreacted benzene 

by distillation for recycling to the reactor. Commercial plants typically operate at ethylene–

benzene molar ratios of around 0.20–0.5:1. As this ratio is increased, more side reactions, such 

as transalkylation and isomeric rearrangement, occur. 

 

Feed specifications: The benzene feedstock contains C6 non-aromatics, ranging from 50 to 

2 000 ppm, depending on the source of supply. The C6 non-aromatics do not directly 

contaminate the product because their boiling points are typically 40–60 ºC lower than that of 

ethylbenzene. However, parts of these non-aromatics are alkylated by ethylene in certain 

processes to form higher non-aromatics, which may contaminate the product. The non-

aromatics may also be cracked in the reactors, and the resulting components react with benzene 

to form various alkylbenzenes, such as cumene, which may also contaminate the product. The 

only aromatic impurity in a significant concentration in the typical benzene feedstock is toluene, 

ranging from 50 ppm to 1 000 ppm. It reacts with ethylene to form ethyltoluene in the alkylator; 

ethyltoluene is converted back to toluene in the transalkylator. Toluene is distilled together with 

ethylbenzene and becomes a product impurity that is innocuous downstream in the 

dehydrogenation process. However, any ethyltoluene that is not separated from the 

ethylbenzene contaminates the styrene product as ethyltoluene and vinyltoluene. 

 

Achieved environmental benefits 

Reduced raw material usage. 

 

Environmental performance and operational data 

 

Cross-media effects 

No major drawbacks. 

 

Technical consideration relevant to applicability 

Generally applicable 

 

Economics 

Reduced energy usage at lower benzene recycling rates. 

 

Driving force for implementation 

Lower operational cost. 
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Example plants 

 

Reference literature 

12.4.4 Techniques to reduce energy consumption 
 

12.4.4.1 Techniques to consider on energy for fractionation 
 

Earlier designs utilised trays in this application. Present designs utilise structured packing and 

trays to increase capacity (only in the case of revamped units). Other designs may also include 

reactive distillation. 

 

Generic and horizontal techniques are used: 

 

 pinch analysis, 

 energetically coupled distillation, 

 packing instead of trays, 

 reactive distillation. 

 

12.4.4.2 Energy recovery techniques to consider 
 

Description 

A group of structured measures that seek to reduce net energy demand by using energy 

recovered from the process streams. 

 

Technical description 

a)  Lower excess benzene required (heat also reduced as dealing with lower recycling 

volumes, lower energy consumption) by using multipoint injection. See Section 

12.4.3.1 

b)  Process selection. 

 Vapour phase zeolite process: The alkylation reactor typically operates in the range of 350–

450 ºC and 1–3 MPa. At this temperature, > 99 % of the net process heat input and 

exothermic heat of reaction can be recovered as steam. The reaction section includes a 

multi-bed reactor, a fired heater and heat recovery equipment. 

 Vapour phase operates at 400 ºC but at this high temperature 99 % of heat can be recovered. 

 Liquid phase zeolite reaction can operate at 180–260 ºC and 38–40 kg/cm
2
. Heat from the 

alkylation reaction can be recovered between different reaction steps, obtaining a very well-

integrated energy use. 

 Aluminium chloride, due to its lower reaction temperature, can recover the heat of reaction 

by generating low pressure steam or by heat integration. 

 

Achieved environmental benefits 

Lower energy demand will lead to reduced emissions of combustion-related pollutants to air 

such as NOX and SOX. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

New units or major retrofits. See section 12.3.4.2 for more details. 

 

Economics 

Lower operating cost. 

 

Driving force for implementation 

Lower operating cost. 
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Example plants 

 

Reference literature 

 

12.4.5 Techniques to reduce water consumption 
 

Almost all water and/or condensates arising from the ethylbenzene process can be reused as 

boiler feed water after stripping. 

 

12.4.6 Techniques to reduce waste generation 
 

12.4.6.1 Techniques to reduce spent catalyst from AlCl3 process 
 

Aluminium chloride-catalysed alkylation remains in use in numerous plants where suitable 

means of disposing of spent catalyst are available. However, this disposal (i.e. landfill) can 

represent a cost disadvantage. More modern plants recover a concentrated aluminium chloride 

solution that has found use in municipal water treatment or industrial flocculation applications. 

However, where demand from such applications does not exist, disposal can present a problem. 

Sometimes hazardous waste incineration is required.  

 

The use of zeolite-based processes avoids this problem. Conversion to zeolite process is 

described earlier in this section. The remaining techniques seek to reduce spent catalysts 

through improvements to the AlCl3 process. Options are: 

 

 concentration to sell as a by-product; 

 operating at higher alkylation temperatures; 

 neutralisation prior to sludge disposal. 

 
12.4.6.1.1 Concentration to sell as by-product 

 

Description 

Treat the alkylation downstream stream in order to be able to sell it instead of waste disposal. 

 

Technical description 

The continuous catalyst blowdown in solution in the alkylation effluent is removed by mixing 

with water and further separation by settling. The water phase containing AlCl3 and HCl from 

the bottom of the settler is saturated with VOCs (mostly benzene and ethylbenzene). The VOCs 

are removed by stripping with steam and the solution is then concentrated to a suitable AlCl3 

content in order to be sold as a by-product. 

 

Achieved environmental benefits 

Avoids other disposal routes (e.g. landfill) for this waste. 

 

Environmental performance and operational data 

 

Cross-media effects 

This concentration operation may be more costly than the income from sales. 

 

Technical consideration relevant to applicability 

Units that operate with the AlCl3 process route. 

  

Economics 

Lower operation cost. 

 

Driving force for implementation 

Seeking lower operation cost by new incomes. 
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Example plants 

 

Reference literature 

 
12.4.6.1.2 Temperature control 

 

Description 

Operating at higher temperatures lead to lower catalyst usage. 

 

Technical description 

Typically, the alkylation temperature is maintained at 160–180 ºC. By increasing temperature 

and by careful control of ethylene addition, the required AlCl3 concentration could be reduced 

to the solubility limit, thereby eliminating the separate catalyst complex phase. Therefore, the 

alkylation occurs in a single homogeneous liquid phase instead of in the two liquid phases of 

earlier processes. Monsanto claimed that a separate catalyst complex phase may actually 

prevent the attainment. 

 

Achieved environmental benefits 

The most important advantage is a significant reduction in the amount of AlCl3 catalyst used, 

thus lessening the problem and cost of waste catalyst disposal. 

 

Environmental performance and operational data 

The process is also capable of operating with low-concentration ethylene feed. 

 

Cross-media effects 

Higher energy usage. 

 

Technical consideration relevant to applicability 

Units that operate with the AlCl3 process route. 

 

Economics 

Lower operational costs. 

 

Driving force for implementation 

This higher operating temperature enhances catalyst activity with the additional benefit that the 

heat of reaction can be recovered as low-pressure steam. 

 

Example plants 

 

Reference literature 

 
12.4.6.1.3 Neutralisation prior to sludge disposal 

 

Description 

The aqueous phase from these treatment steps is first neutralised and then recovered as a 

saturated aluminium chloride solution and wet aluminium hydroxide sludge. This is one 

possibility after the concentration of Al compounds. 

 

Technical description 

Applying NaOH to neutralise acid species from catalyst and by-products. 

 

Achieved environmental benefits 

Enables the possibility of reducing the amount of waste generated. 

 

Environmental performance and operational data 

 

Cross-media effects 
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Technical consideration relevant to applicability 

AlCl3 process, where the resulting waste stream containing the AlCl3 cannot be sold as an AlCl3 

by-product. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

See the CWW BREF on pH control. 

 

Removal of dissolved catalyst from the organic stream has long been a challenge for 

ethylbenzene producers. CdF Chimie found that more complete recovery of AlCl3 could be 

achieved by first contacting the organic phase with ammonia instead of sodium hydroxide. 

 

12.4.6.2 Techniques to reduce spent zeolite catalyst 
 
12.4.6.2.1 Catalyst poison avoidance 

 

Benzene drying and other pretreatment could be considered, but it is not always necessary in all 

plant configurations. Notwithstanding, a reactor guard bed could be included to avoid catalyst 

poisoning.  

 

Description 

Benzene drying: water present in the benzene (or other feeds) in too high a concentration causes 

an excess of catalyst consumption. 

 

Technical description 

The removal of water that may arrive with feed is normally done with distillation columns. 

Overhead receivers may have decanters with two phases to split organic from aqueous. Water 

inside the process equipment after plant shutdown may be reduced by circulating hot nitrogen in 

the plant prior to start-up. 

 

Achieved environmental benefits 

Reduced waste disposal to landfill (from subcontractor or operator). 

 

Environmental performance and operational data 

 

Cross-media effects 

No major drawbacks.  

 

Technical consideration relevant to applicability 

Zeolite-based plants. 

 

Economics 

Possible investment in additional equipment, but lower catalyst replacement costs. 

 

Driving force for implementation 

Longer uptime, lower operational cost. 

 

Example plants 

Most zeolite-based plants have this feature. 

 

Reference literature 
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12.4.6.2.2 Catalyst regeneration 

 

For gas phase and liquid phase zeolite processes, a regeneration system might be installed to 

regenerate the feedstock treaters (guard bed) as well as the alkylation and transalkylation 

catalyst. The system consists of a fired heater, a compressor to circulate hot gas (essentially N2) 

and a cooling system to trap the molecules extracted from the feedstock treaters or the 

alkylation catalyst, which is being regenerated. The condensate is recycled. The gas purges are 

flared or incinerated. 

 

In some cases, it is preferable to have the catalyst regenerated in an external facility or disposed 

of after removal of hydrocarbon to recover valuable compounds. 

 

More information on catalyst regeneration can be found in Section 2.4. 

 
12.4.6.2.3 Multipoint injection 

 

Multipoint injection of ethylene in the alkylation reactor can also extend catalyst life. This is 

described in Section 14.4.3 on techniques to reduce feedstock consumption. In liquid phase 

zeolite alkylation, the temperature range is 180–260 ºC.  

 

12.4.6.3 Techniques to reduce tar formation 
 
12.4.6.3.1 Process selection 

 

Gas phase zeolite processes produce less than liquid phase zeolite processes. Zeolite processes 

produce less tar than AlCl3 processes. 

 

Conversion of the AlCl3 process to the zeolite process is described in Section 12.4.x. This 

conversion also reduces tar formation. The fixed bed ZSM-5 catalyst promotes the same overall 

alkylation chemistry as in the other processes; however, ethylene molecules are adsorbed onto 

the Brønsted acid sites within the catalyst, which activates the ethylene molecule and allows 

bonding with benzene molecules to occur. Hence, the range of higher alkylated aromatic by-

products formed by the Mobil – Badger process is somewhat different to those of the Friedel – 

Crafts processes. 

 

Conversion from the liquid phase to gaseous phase zeolite process is described below. 

 

Description 

Design and execute the plant modifications and rest of tasks to implement new process (utilities, 

training, procedures, etc.) 

 

Technical description 

In the 1980s, environmental pressures associated with the problem of disposal of the waste 

AlCl3 catalyst led to the development of two new liquid phase processes based on zeolite 

catalysts, which are considered environmentally inert. One of these processes is a conventional 

fixed bed catalyst system. The catalyst was developed by Unocal, and the process is jointly 

licensed by ABB Lummus Global and UOP. 

 

Achieved environmental benefits 

Reduced tar formation. 

 

Environmental performance and operational data 

The operating conditions with regard to temperature and pressure are mild, and carbon steel can 

be used throughout the process. The technology has no corrosive elements, and the 

ethylbenzene yields exceed 99 %. 
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Cross-media effects 

No major drawbacks. 

 

Technical consideration relevant to applicability 

 

Economics 

 

Driving force for implementation 

Lower operating costs. 

 

Example plants 

The first commercial unit successfully started in Japan in August 1990. 

 

Reference literature 

Ullmann's Encyclopedia of Industrial Chemistry. 

 
12.4.6.3.2 Operating conditions  

 

Two techniques to reduce tar formation are as follows. 

 

 Multipoint injection of ethylene in the alkylation reactor. This is described in Section 

14.4.x on techniques to reduce feedstock consumption. 

 Operating at lower ethylene–benzene ratios. This is described in Section 14.4.x. As this 

ratio is increased, more side reactions, such as transalkylation and isomeric 

rearrangement, occur. 

 

12.4.6.4 Techniques to reuse of tar 
 
12.4.6.4.1 Recovery of energy 

 

Tar can be used as a fuel in the site combustion plants. Heavy aromatic compounds (tars) can be 

consumed as fuel. It is a high quality fuel, which contains low amounts of nitrogen species, low 

sulphur and has a low viscosity. Further details can be found in the generic techniques to 

consider section under ʻrecovery of energy from process streams calorific valueʼ. 

 
12.4.6.4.2 Feedstock recovery 

 

Tar cracking can also be used to generate feedstocks for other LVOC processes. This is 

described in the LVOC BREF generic techniques to consider section. 

 
12.4.6.4.3 Reuse as absorbent in wet gas scrubber 

 

A third technique is to use the tar as an absorbent in the styrene monomer unit, which is 

commonly located on the same site as the ethylbenzene plant. 

 

Description 

Use as an absorbent in the styrene monomer unit. This stream of heavier organic hydrocarbon 

compounds, and with greater viscosity, is exposed to the vent gas downstream of the styrene 

dehydrogenation reaction. 

 

Technical description 

The recycle gas is scrubbed in a flux oil scrubber where cooled lean flux oil is used to absorb 

substantially all of any remaining aromatics from the recycle gas. 

 

Achieved environmental benefits 

Reduced consumption of solvents; overall residue (heavy cut EB+SM) sold as a by-product. 
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Environmental performance and operational data 

Cross-media effects 

No major drawbacks. 

 

Technical consideration relevant to applicability 

When styrene monomer plant is close by and material can be easily transferred. 

 

Economics 

Small investment since EB plants are normally near styrene monomer plants. 

Driving force for implementation 

Operating cost of styrene monomer unit. 

 

Example plants 

 

Reference literature 

Ullmann's Encyclopedia of Industrial Chemistry. 

 

12.4.7 Techniques to reduce other than normal operating conditions 
 

Other than normal operations may lead to higher or different emission types and values. The 

generic chapter of this document (insert reference) describes measures that are used by 

operators to reduce the frequency of occurrence as well as the impact of these events. Additional 

measures for alkylbenzene production are described in Table 12.4 below. 

 
Table 12.4: Reduction measures OTNOC 

Process route Event type Measures taken 

(AlCl3 process) Spent catalyst concentration and 

purification  

Temperature of fixed bed should 

be monitored and controlled at 

low values to enhance catalyst 

life and reduce the frequency of  

operations done on spent 

catalyst 

Both routes Catalyst (life) end of run: 

beyond threshold: when the 

catalyst is not replaced or 

regenerated at the adequate 

moment, then the selectivity of 

the reaction will be worse and 

more impurities and emissions 

will be generated 

To reduce the frequency of this 

event: control of reactor activity 

and raw material purity 

Both routes Catalyst and promoter handling: 

replacement operation 

RGB design allows for safe and 

easy catalyst replacement 

Hydrocarbon removal by hot-

stripping with nitrogen to flare 

Plugging due to catalyst (heat 

exchangers, columns) 

Filtration approach selection 

downstream reaction 

 

12.4.7.1 Techniques to reduce corrosion events 
 

See the best practice on corrosion avoidance in the generic techniques to consider section of the 

LVOC BREF (Section 2.4). 

 
12.4.7.1.1 Best practices on corrosion avoidance 

 

Best practices in ethylbenzene plants to avoid and minimise emissions arising from corrosion 

are a group of tasks to minimise the occurrence and the impact of emissions related to corrosion 

events, summarised below. 

 

Correct material selection is important: the alkylation reactors are lined with brick or glass; 

high-alloy construction materials are also required for the piping and handling systems. Because 
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the alkylation mixture can tolerate only small amounts of water, the recycled benzene and fresh 

benzene must be dried thoroughly prior to entering the reactor. Water not only increases 

corrosion, but also decreases catalyst activity. 

Operation: the chlorine content in fresh benzene should be controlled by lab analysis. Corrosion 

can occur in the drag benzene column top due to high chloride concentration in the water 

present. This effect can be avoided or reduced by material selection and/or chloride content 

control in the fresh benzene feed. 

 

Preventive maintenance: the reaction mixture could be highly corrosive depending on the 

process. Corrosion also increases plant downtime and maintenance cost. 

Regulation inspections: inspection procedures, gasket monitoring, managerial and technical 

tools to measure and predict wall thicknesses on key pipes and equipment, etc. 

  
12.4.7.1.2 Process selection: retrofit to zeolite-based process 

 

See the description of this section in this EB chapter. 

The zeolite process has inherently less corrosion issues than the AlCl3 process.  

 

 

12.5 Emerging techniques 
 

[Request to TWG: TWG members are invited to contribute information for emerging 

techniques here or in Section 2.5. Emerging techniques on ethylbenzene production have not 

been included in this draft.] 
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13 STYRENE FROM ETHYLBENZENE DEHYDROGENATION  
 

13.1 General information 
 

[Request to TWG: please check the production capacity information and the detailed list of 

production sites set out in Table 13.1 and provide updates and corrections where appropriate.] 

 

Styrene monomer (C6H5CH=CH2) is a major industrial product with a production of more than 

27 million tonnes per year worldwide. Styrene is mainly used as raw material for polystyrene 

manufacturing. Polystyrene is the fourth most widely produced polymer following polyethylene, 

polypropylene, and polyvinyl chloride. Styrene is also used in the production of other styrenic 

resins such as acrylonitrile butadiene styrene (ABS) and styrene acrylonitrile (SAN).  

 

Ethylbenzene is produced primarily by the alkylation of benzene with ethylene, as previously 

described in Chapter 12. Ethylbenzene is then converted into styrene monomer (SM) by 

dehydrogenation. The other major process used to produce styrene monomer is its co-

production with propylene oxide. This process is described in Chapter 14. 

 

In 20YY, the production capacity of ethylbenzene dehydrogenation (EBD) plants in Europe was 

## million tonnes of styrene, which was XX % of global styrene capacity. European production 

of styrene by ethylbenzene dehydrogenation is summarised in Table 13.1 below. 

 
Table 13.1: European producers of styrene by ethylbenzene dehydrogenation 

Country City Operator Process Capacity 

Belgium Antwerp Styrolution Adiabatic / 

Isothermal 

500 

Bulgaria Burgas Lukoil   

Czech 

Republic 

Litvinov Synthos Adiabatic 131 

   Adiabatic 170 

France Gonfreville Total  600 

Germany Ludwigshafen BASF  550 

Germany Marl Ineos  350 

Germany Böhlen Styron   

Italy Mantova Versalis Adiabatic 609 

Italy Sarroch Versalis   

Italy Priolo Versalis   

Netherlands Maasvlakte Lyondell 

Basell 

  

Netherlands Moerdijk Shell   

Netherlands Terneuzen Styron Adiabatic 250 

Romania Pitesti Arpechim   

Slovakia Bratislava Slovnaft   

Spain Tarragona Repsol   

Spain Puertollano Repsol   

 

[Request to TWG: Please provide a short summary of the key economic uses and market trends 

for styrene production by EBD] 

 

Key Environmental Issues 

 

The key environmental issues for the production of styrene by ethylbenzene dehydrogenation 

are as follows. 

 

 Emissions to air from the steam superheater furnace used for the reaction. Another 

important emission to air comes from the reaction section flue-gas. 
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 An off-gas recovery system is normally in place to recover hydrogen but other vents or 

purge streams containing VOCs will be generated. 

 The reaction section will also generate the most significant effluent. Tar and/or 

polystyrene oligomers are extracted from the fractionation section. 

 

Emissions from storage and fugitive emissions are also relevant.  
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13.2 Applied processes and techniques 
 

13.2.1 Process options 
 

Styrene production dates back more than fifty years. Although new variations on established 

processes are continually being developed, the feedstock for all commercial styrene 

manufacture is still ethylbenzene. This is converted to a crude styrene that then requires 

finishing to separate out the pure product. 

 

The process options are reviewed below. 

 

Catalytic dehydrogenation of ethylbenzene: Direct dehydrogenation of ethylbenzene to 

styrene accounts for approximately 85 % of commercial production. The reaction is carried out 

in the vapour phase with steam over a catalyst consisting primarily of iron oxide. The reaction is 

endothermic and can be carried out either adiabatically or isothermally. Both methods are used 

in practice. This process is the one reviewed in this chapter. 

 

Co-production of propylene oxide: The only other route for the commercial production of 

styrene involves co-production of propylene oxide (see the propylene oxide chapter). This route 

offers a way to manufacture propylene oxide without the need for chlorine as in the 

chlorohydrin process; however, it is subject to market fluctuations in styrene and PO demand 

that may not match the stoichiometry of the process. The process requires a large capital 

investment and produces styrene at a higher cost than the conventional process, but revenue 

from sales of the PO co-product can make the overall operation profitable. About 15 % of the 

world’s supply of styrene is now made by this process. This process is reviewed in the next 

chapter (Chapter 14). 

 

Styrene from pyrolysis gasoline: An aromatic mixture (ʻpyrolysis gasolineʼ) which includes 

styrene is obtained from the thermal cracking of naphtha or gas-oil. Recovery of the styrene has 

been proposed on the basis of extractive distillation with dimethylformamide or 

dimethylacetamide, by adsorption, by complex formation, or by membrane separation. 

However, so far none of these methods have been commercially exploited. This process has 

therefore not been considered further. 

 

Styrene from butadiene: Another route to produce styrene that is being heavily researched 

starts with the Diels-Alder dimerisation of 1,3-butadiene to 4-vinylcyclohexene. This reaction is 

exothermic and can be carried out either thermally or catalytically. Thermal processes require a 

temperature of about 140 ºC and a pressure of about 4 MPa. This route to styrene is not yet 

economically attractive, but the availability and price of butadiene in the future could make it 

so. This process has therefore not been considered further. 

 

Styrene from toluene: There have been many attempts to find a route to styrene starting from 

toluene. Toluene is readily available, is usually at least 15 % cheaper than benzene, and is not as 

toxic. However, no process has yet become commercially competitive. Monsanto have worked 

extensively on a process for styrene starting with air oxidation, but no commercial plants have 

yet been announced. This process has therefore not been considered further. 

 

13.2.2 The dehydrogenation process 
 

There are two different approaches to the reaction section design. 

 

Adiabatic dehydrogenation: Over 75 % of all operating styrene plants carry out the 

dehydrogenation reaction adiabatically in multiple reactors or in reactor beds operated in series. 

The necessary heat of reaction is applied at the inlet to each stage, either by injection of 

superheated steam or by indirect heat transfer. 
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Isothermal dehydrogenation: Isothermal dehydrogenation has been used for many years. The 

reactor is built like a shell-and-tube heat exchanger. Ethylbenzene and steam flow through the 

tubes, which are packed with catalyst. The heat of reaction is supplied by hot flue-gas on the 

shell side of the reactor – exchanger. The steam–EB mass ratio can be lowered to about 1:1, and 

steam temperatures are lower than in the adiabatic process. A disadvantage is the practical size 

limitation on a reactor – exchanger, which restricts the size of a single-train plant to about 150–

1000 t/yr, translating into increased capital for large plants. Only one plant in the EIPPCB 

questionnaire reported using this process. 

 

The main difference between the isothermal and adiabatic processes is in the way the 

endothermic reaction heat is supplied.  

 

In principle, the isothermal reactor is designed like a shell and tube heat exchanger: a fixed bed 

dehydrogenation catalyst and reactant gas are on the tube side, and a suitable heat transfer 

medium is on the shell side. The diameter of the self-contained reactor tubes is 10–20 cm and 

the length is 2.4–3.7 m. All commercial catalysts are formulated around an iron oxide base; 

inherent to this ferric compound is the reduction to lower oxides at the dehydrogenation reaction 

temperature. The most widely used additives are chromic oxide as the stabiliser and potassium 

oxide as the coke retardant. Thus, the catalyst is self-regenerative, thereby allowing such 

residues to build up to an equilibrium level.  

 

One difference between licensed adiabatic technologies is in the configuration of the 

dehydrogenation reactor, e.g. instead of a radial-flow reactor, a fixed bed axial reactor may be 

employed.  

 

Another difference in technologies is in the reactor feed heat exchanger section. Instead of 

steam only passing through a fired heater, all of the ethylbenzene and vaporisation/dilution is 

combined with the mixture is raised to the reaction temp in a fired heater. Although similar in 

concept, the process involves heating the steam and EB in separate coils of a fired heater. As 

temperatures well above 850 ºC may be encountered with both processes, the potential for 

thermal cracking of EB is increased. Therefore, the residence time in the heater should be 

minimised. 

 

 The feedstock, ethylbenzene, is catalytically dehydrogenated to styrene in the presence 

of steam in a fixed bed, radial-flow reactor system. The dehydrogenation reaction 

requires low pressures and is generally carried out under high vacuum. Toluene, 

benzene and some light compounds are formed as by-products. The overall reaction is 

endothermic with heat supplied by steam in the adiabatic reactors. Reactor effluent 

waste heat is recovered through heat exchange with combined feed and by generating 

steam, which is utilised in the process. The off-gas stream is compressed, processed 

through the off-gas recovery section, and used as fuel in the steam superheater. The 

condensates from the condenser and off-gas recovery section flow into the separator 

where the hydrocarbon and water phases separate. The dehydrogenated mixture is 

fractionated to recover the styrene monomer product and recycle ethylbenzene, as well 

as benzene and toluene by-products. 

 

Inhibitors are added to prevent styrene polymerisation in the process equipment.  

 

The energy needed for the reaction is supplied by superheated steam (at about 720 ºC) that is 

injected into a vertically mounted fixed bed catalytic reactor with vaporised ethylbenzene. The 

catalyst is iron oxide-based and contains Cr2O3 and a potassium compound (KOH or K2CO3), 

which act as reaction promoters. Typically, 1–1.8 kg steam is required for each kilogram of 

ethylbenzene to ensure sufficiently high temperatures throughout the reactor. The superheated 

steam supplies the necessary reaction temperature of 550–620 ºC throughout the reactor. 

Ethylbenzene conversion is typically 60–65 %. Styrene selectivity is greater than 90 %. The 

three significant by-products are toluene, benzene and hydrogen. 
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After the reaction, the products are cooled rapidly (perhaps even quenched) to prevent 

polymerisation. The product stream (containing styrene, toluene, benzene, and unreacted 

ethylbenzene) is fractionally condensed after the hydrogen is flashed from the stream. The 

hydrogen from the reaction is used as fuel to heat the steam (boiler fuel). After adding a 

polymerisation inhibitor (usually a phenol), the styrene is vacuum distilled in a series of four or 

five columns (often packed columns) to reach the required 99.8 % purity. The separation is 

difficult due to the similar boiling points of styrene and ethylbenzene. Typical capacity per plant 

ranges from 70 to 100 thousand metric tonnes per year in each reactor and most plants contain 

multiple reactors or units. 

 

13.2.3 Other than normal operating conditions 
 

13.2.3.1 Specific other than normal operating conditions 
 

Deviation from stable and normal operating conditions can arise for the following reasons: 

 

 incineration system flaws (out of operation); 

 catalyst end-of-life and catalyst fluidisation; 

 reaction poisoning leading to higher vent rates; 

 decoking of furnace and shut blowing; 

 coke filter cleaning; 

 leak due to corrosion; 

leak to vacuum (air ingress) in purification unit; 

 equipment fouling; 

 malfunction/stoppage of end-of-pipe abatement technique. 

 

Information from the data collection indicates that these types of other than normal operating 

conditions can occur for up to as many days as follows: 

 

 phase separation (downstream reaction) flaws: 4; 

 distillation flaws: 16; 

 equipment fouling (gums, etc.): 44; 

 malfunction/stoppage of end-of-pipe abatement technique 

 compressor trip: 15; 

 decoking of SSH: 6. 

 

However, in most cases, these losses will be for considerably shorter periods of time. 

 

13.2.3.2 Generic other than normal operating conditions 
 

The following operations deviate from standard operating procedures in EB dehydrogenation 

plants. 

 

 Routine start-up: the hydrogen (off-gas) is sent to a flare during this upset condition. 

This operating condition may last from a few hours to some days.  

 Shutdown for maintenance preparation: equipment flushing, higher load to WWT, 

potential emission to surface water (rainwater) header.  

 Low plant rate due to force majeure. (These are flaws that occur on final product 

consumption or raw material supply.) 

 Containment losses greater than normal in systems that operate under vacuum. This will 

increase ejector water/steam usage, and net emissions to water or air. 

 Plant is idle due to loss of containment: corrosion or rupture disk. 

 Service or utility failure: malfunction of cooling water and/or chilled water; power, 

DCS, instrument air. 
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Information from the data collection indicates that these types of other than normal operating 

conditions can occur for up to as many days as follows: 

 

 routine start-up: 4; 

 shutdown for maintenance: 42; 

 idle; unplanned partial stoppage: 87; 

 low plant rate due to force majeure 

 malfunction of cooling water and/or chilled water: 11. 

 

However, in most cases, these losses will be for considerably shorter periods of time. 

 

13.2.4 Equipment important for environmental protection 
 

The following systems perform important operations for environmental protection and require 

the longest uptime possible: 

 

 steam superheater; 

 condensers on H2 recycle stream; 

 adsorption system on H2 recycle stream ;  

 decanter downstream reaction; 

 stripper downstream reaction; 

 catalyst activity; 

 SM inhibitor management. 
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13.3 Current emission and consumption levels 
 

The dehydrogenation process is relatively compact and so most of the vents may be gathered 

together and channelled into a common header is a block flow diagram showing the major 

emission streams in the EB dehydrogenation process. 

 

 

Figure 13.1: Block flow diagram of EB dehydrogenation process 

 

13.3.1 Emissions to air 
 

13.3.1.1 Emissions from the reaction section 
 

The dehydrogenation reaction takes place under vacuum conditions and in the presence of 

steam. After the dehydrogenation reactors, the product is condensed and the water decanted 

from the organics. The gas which is not condensed, is compressed and much of the aromatics 

are removed from this stream by cooling/condensing and treatment in a gas washing unit. 

 

Composition: CO, CO2, VOCs (methane, EB, styrene, aromatics), but mainly H2. The amount of  

hydrogen produced depends on the dehydrogenation conditions and catalyst. A lower steam– 

olefin ratio, to save steam, generally increases the hydrogen content. The amount of hydrogen  

also increases during the run length as a result of catalyst ageing. 

 

Monitoring: FID (EN 13526 and EN 13619) are available; oxygen may be monitored for safety  

purposes. Recovered H2will normally go to the furnace, and a purge might go to flare (see 

Chapter 13.4). 

 

Amount: this stream is not normally measured as it is fed to a shared abatement device.  

 

13.3.1.2 Emissions from the vacuum systems 
 

Depending on the plant design, the process may contain a number of vacuum systems. First, the 

dehydrogenation reaction can be carried out under vacuum. This vacuum system will generate a 

net emission to air. Second, a fractionation or purification section (also under vacuum) may be 

in place to split the feedstock from the styrene monomer product and by-products. Every 

distillation train will have a net vent stream (regardless of whether ejectors or pumps are used). 

Distillation columns will also include condensers and overhead receivers. Ejector systems will 

also include a decanter to split organic and aqueous phases. 

Composition: VOCs, light HCs formed in the dehydrogenation step, non-condensables and CO,  

CO2, aromatics: BTX, EB and styrene. 
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Monitoring: normally not done in individual streams; most installations have scarce data. 

 

Amount: normally not measured. This stream is not as relevant as the one from the reaction  

section. 

 

13.3.1.3 Emissions of VOCs from shared end-of-pipe abatement 
 

The plant will normally include a vent recovery network, where continuous and non-continuous 

vents are channelled. 

 

Composition: VOCs, CH4, SO2, NOX, COX, dust, NMVOCs.  

 

Monitoring: normally after abatement device, spot samples. 

 

Amount:  SO2  1.4–3 g/tonne of SM 

  NOX  130–160 g/tonne of SM  

  CO  4–7 g/tonne of SM 

  PM  5–9 g/tonne of SM 

  NMVOC 2–3 g/tonne of SM 

 

13.3.1.4 Emissions from the steam superheater 
 

The dehydrogenation reaction takes place in a sequence of two or more reactors with 

intermediate heating at temperatures between 500 °C and 650 °C. In order to produce such high 

temperatures, steam is heated to temperatures of up to 900 °C in a furnace called a steam 

superheater (SSH). The main emission from the dehydrogenation area comes from the SSH. See 

the LCP BREF for combustion-related emissions (techniques, BAT, BAT-AELs, etc.) 

 

Composition: besides the common furnace flue-gases' composition, these emissions to air may  

have more SOX and NOX due to the reuse of process streams (by-products) as non-conventional  

fuel. Some of these streams may have a higher nitrogen or sulphur content due to the use of  

polymerisation inhibitors/retarders.  

 

Data from the questionnaires on emissions from the steam superheaters is shown in the tables 

below. 

 
Table 13.2: Emissions to air from steam superheater 

 Plant #1 

Nominal capacity (MW) 95.5 

H2 content of fuel (% v/v) 10 

>=C2 content of fuel (% v/v) 2.8 

NOX (mg/m
3
) dry, 3 % O2 < 140 

CO (mg/m
3
) dry, 3 % O2 < 5 

PM (mg/m
3
) dry, 3 % O2 < 5 

VOC (mg/m
3
) dry, 3 % O2 < 5 
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Table 13.3: Typical specifications of steam superheaters 

 Plant #1 Plant #2 Plant #3 Plant #4 

Firebox length 

(m) 
n/a 

A: 5.2 

B: 5.2 
8.1 6.05 

Firebox width (m) n/a 
A: 7.49 

B: 8.8 
7.3 4.47 

Firebox height 

(m) 
n/a 

A: 9.1 

B: 8.5 
10.6 9.99 

Nominal capacity 

(MW) 
95.5 

A: 7.7 

B: 5.0 
15 13 

Design flue-gas 

temperature (°C) 
 1 100 1 100 1 200 

Shared stack Y/N 

Furnace numbers 
Yes 2 No No 

 

 

Table 13.4: Monitoring of air emissions from steam superheaters 

Stack monitoring Plant #1 Plant #2 Plant #3 Plant #4 

NOX  1 week Periodic Periodic Annual 

Sampling time  1–12hrs  60 mins 8 hours 

Method UNI-EN 14792  Electrochemical 

O2  1 week Continuous Periodic No 

Sampling time   60 mins  

Method UNI-EN 14789  Electrochemical 

PM 3 months Periodic Periodic Annual 

Sampling time  1–12hrs 60 mins  

Method UNI-EN 13284 UV Gravimetric  

SO2 None Periodic No Annual 

Sampling time - 1–12hrs   

Method - UV   

NH3 None Periodic No No 

Sampling time - > 60 mins   

Method - UV   

 

 

13.3.1.5 VOC emissions from fugitive emissions 
 

Much of the process operates under pressure, for fugitive releases see the CWW BREF. Other 

operations that could result in fugitive releases include maintenance during turnarounds. 

  

Composition: CO, CO2, NMVOCs, methane, EB, styrene, aromatics 

 

Monitoring: kg/t EB or kg/year, using the method described in the CWW BREF. 

 

Amount: 3–16 g/tonne of SM. 

 

13.3.1.6 VOC emissions from storage 
 

Tanks and other storage assets are used for raw materials, consumables, end-products and for 

intermediates. These are typically atmospheric storage tanks. These tanks may be 

geographically far away from the main plant in order to share abatement techniques with other 

process streams. See the EFS BREF. 

 

Composition: raw materials, products and co-products 

Monitoring: kg per tonne of SM, kg per year 
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13.3.1.7 Emissions from combustion processes 
 

Beside the steam superheater, other energy generation systems will be required. Steam boilers 

or hot oil furnaces that supply heating fluid utilities can be dedicated to the EBD plant or shared 

with nearby installations. These emissions may also include the combustion of non-

conventional (non-commercial) fuel, such as the tar stream generated in the fractionation 

section. For further information see the LCP BREF. 

 

Composition: SOX, NOX, COX, dust, etc. Besides the common furnace flue-gases' composition, 

these emissions to air may have more SOX and NOX due to the reuse of process streams (by-

products) as non-conventional fuel. Some of these streams may have a higher nitrogen or 

sulphur content due to the use of polymerisation inhibitors/retarders. 

 

Other than normal operations: dust emitted in soot blowing. 

 

13.3.2 Emissions to water 
 

Emissions to water arise from the following principal sources. 

 

Organic load separator from the reaction section: An aqueous stream arises from the 

decanter downstream of the condensation system of reactor effluents. The pollutants expected 

here are: aromatic compounds, benzene, EB, SM, etc.  

 

Organics to water from the fractionation section: An aqueous stream arises from the vacuum 

system of the distillation columns that separates the final products from the by-products. If an 

ejector is used as the vacuum system, the flow will be larger. The pollutants are the same as 

those in the reaction section. 

 

Others: Auxiliary systems such as cooling water or energy generation systems may generate 

other aqueous waste streams; these are generally less significant effluents. See the CWW BREF. 

 

Most EBD plants collect these aqueous streams together and treat them in a common steam 

stripper, which will normally be shared with other processes, in most cases with the EB 

manufacturing plant upstream. Data available on individual streams are therefore scarce. 

According to the EIPPCB data collection, flow is in the range of 38–165 m
3
/hr (2–2.3 m

3
/ t of 

product). One plant reuses the water after stripping as boiler feed water.  

 

Composition: ethybenzene, styrene, benzene. 

Monitoring: TSS, pH, COD. 

 
Table 13.5: Effluent concentration after pretreatment prior to waste water treatment plant 

 Analytical method MN31147 (mg/l) 

Ethylbenzene 0.75 0.1 

Styrene 1.25 0.0 

Benzene  0.1 0.0 

TSS 5 100 

pH n/a 7.6 

 

13.3.3 Raw material consumption 
 

The principal raw materials used are ethylbenzene and the catalyst. 

 

Ethylbenzene usage: ethylbenzene consumption effectively reflects the generation of waste 

and/or by-products and is a key parameter that influences plant profitability. Process design and 

operating decisions will affect feedstock yield (see Chapter 13.4). 
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EB consumption: 1 040–1 166 tonnes per tonne of SM. 

 

Catalyst usage: the catalyst is the key economical driver of the process. The catalyst 

deteriorates over time and negatively impacts on the performance of the process (lower energy 

efficiency and increased by-product formation). See Chapter 13.4. 

 

13.3.4 Energy consumption 
 

The steam superheater furnace required for the reaction section is the largest energy consumer. 

The consumption of the SSH furnaces installed in EBD plants in Europe ranges from 10 MW to 

100 MW depending on the plant capacity, usage ranges from 0.05 to 0.15 MW/(kt/yr). 

 

Energy consumed in fractionation operations: the number of columns involved, and the 

nature of the separations required, mean that the energy consumed for fractionation processes is 

likely to be a matter of interest. The main energy consumer is the EB/SM splitter. 

 

Energy recovered from process heat: There are several energy recovery opportunities as the 

reaction is exothermic. Energy from the exothermic reaction can be used to preheat feed, etc. 

Distillation columns' condensers are other options. 

 

These are the values of energy-related utilities per tonne of EB: 

 

 electricity (kWh/t)               70–170 

 steam (kWh/t)            1 350–2 300 

 total (kWh/t)                        1 500–2 350 

 energy recovery (kWh/t)  0–800 

 

The use of energy for process compressors is relevant. See the Generic Chapter of the LVOC 

BREF. 

 

13.3.5 Water consumption 
 

Boiler feed water for the steam consumed in the reaction constitutes the largest water usage, up 

to 4 m
3
/tonne of SM (Cefic). 

 

13.3.6 Co-products, by-products and waste generation 
 

The principal co-products and by-products of this process are: 

 

 hydrogen – up to 50 kg/tonne of SM; 

 benzene – up to 20 kg/tonne SM; 

 toluene – 16–94 kg/tonne SM. 

 

The process also produces the following waste streams: 

 

 spent catalyst waste – up to 0.4 kg/tonne SM; 

 coke from the reaction; 

 tar – up to 22 kg/tonne (9–71); 

 gums, oligomers of polystyrene – up to 5 kg/t; 

 spent solvents (1.5–6) kg/t. 

 

Hydrogen: Mainly hydrogen is produced by the dehydrogenation reaction. It may contain: N2, 

CO2, CO, CH4, C2H4, C2H6, and traces of higher-boiling point organics (including the lower-

boiling aromatics such as benzene and toluene) depending on the treatment that takes place 

inside the installation.  

 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 13 

508 April 2014 SH/TS/EIPPCB/LVOC Draft 1 

The most frequent treatments are: absorption with flux oil (residue of EB distillation) and 

condensation to remove aromatics; CO2 absorption; CO and CO2 (residual) methanation and/or 

PSA. The purification treatments depend on the purity required by the final user(s). 

 

The amount of hydrogen produced depends on the dehydrogenation conditions and catalyst. A 

lower steam–olefin ratio (to save steam) generally increases the hydrogen. The amount 

increases during the run length as a consequence of catalyst ageing. 

 

Benzene/toluene: A mixture of benzene and toluene with some non-aromatics with boiling 

points spread between those of benzene and toluene. The toluene level is quite constant over the 

entire run length depending on the catalyst and dehydrogenation operating conditions, while 

benzene increases over the time spent on-stream by the catalyst charge. The mixture is normally 

delivered to an aromatic unit to recover benzene and toluene at suitable purity levels. In some 

cases, the splitting of benzene from toluene can take place inside the SM plant. The benzene is 

recycled to the EB unit while the toluene is sent to the aromatic unit or refinery. 

 

The amount of benzene/toluene produced depends on the dehydrogenation conditions and 

catalyst. A lower steam–olefin ratio (to save steam) generally increases the amount of 

benzene/toluene. The amount increases during run length as a consequence of catalyst ageing. 

 

Spent catalyst waste: Catalyst life can range from 12 to 40 months. It is limited by the loss of 

potassium over the run length. The lifetime can be prolonged by the application of catalyst 

stabilisation technology, usually offered by one of the licensors. This is related to the plant run 

length, which may be linked to the major overhaul of upstream (ethylene plant, aromatic plant) 

or downstream units. 

 

Coke from the reaction: Coke is mainly removed by the steaming of the catalyst during the 

normal shutdown procedure. 

 

Tar: This is a mixture of polystyrene (PS), high boilers, aromatics (formed in the 

dehydrogenation), C9 aromatics (mostly alpha-methylstyrene) and styrene, plus flux oil (the 

residue of the EB distillation). Tar is isolated (separated from the product) in the fractionation 

section downstream of the reaction section. In case divinylbenzene is present in the feed to the 

distillation section, PS levels could become high and make the heavy cuts heavily fouling. Tar is 

produced continuously during the operation. The amount may increase during the run as a 

consequence of the dehydrogenation catalyst ageing.  

Gums and oligomers of PS: This is a mixture of low molecular weight polymers and high 

boilers formed in the dehydrogenation reaction section. This is a waste material that is formed 

during the run but is removed from the various pieces of plant equipment during overhaul. 

Sometimes small amounts of this material are removed during operation when cleaning the 

filters. 

 

Spent solvents: Solvents are used in the reaction gas recovery system to reduce the 

hydrocarbon content of the H2-rich purge (1.32–1.6 kg/t of SM). 
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13.4 Techniques to consider in the determination of BAT 
 

This section describes techniques (or combinations thereof), and associated monitoring, 

considered to have the potential for achieving a high level of environmental protection in the 

activities within the scope of this chapter. The techniques described will include both the 

technology used and the way in which the installations are designed, built, maintained, operated 

and decommissioned. 

 

It covers process-integrated techniques and end-of-pipe measures. Waste prevention and 

management, including waste minimisation and recycling procedures are also considered, as 

well as techniques that reduce the consumption of raw materials, water and energy by 

optimising use and reuse. The techniques described also cover measures used to prevent or to 

limit the environmental consequences of accidents and incidents, as well as site remediation 

measures. They also cover measures taken to prevent or reduce emissions under other than 

normal operating conditions (such as start-up and shutdown operations, leaks, malfunctions, 

momentary stoppages and the definitive cessation of operations). Cross references to other 

chapters are used, where relevant to avoid repetition. 

 

Annex III to the Directive lists a number of criteria for determining BAT, and the information 

within this chapter will address these considerations. As far as possible, the standard structure in 

Table 2.3 is used to outline the information on each technique, to enable a comparison of 

techniques and the assessment against the definition of BAT in the Directive. 

 

This chapter does not necessarily provide an exhaustive list of techniques which could be 

applied. Other techniques may exist, or may be developed, which could be considered in the 

determination of BAT for an individual installation.  

 

13.4.1 Techniques to reduce emissions to air 
 

Many EBD units may have a shared end-of-pipe abatement unit/device for the numerous vents 

generated across the plant equipment. The following techniques apply to both the treatment of 

individual streams and also to shared abatement devices. 

 

13.4.1.1 Reduction of emissions from the reaction section 
 

The gas stream generated after condensing the reactor effluent is treated to recover hydrogen 

and other hydrocarbons. These gas treatment systems will vary across plants, depending on their 

detailed engineering designs, but all of them will have a net vent that cannot be recovered 

(either a purge of H2 recycle stream or another). 

 
13.4.1.1.1 Process optimisation 

 

Description 

This is a group of process-related decisions (design and operational) that will reduce the level of 

light components generated in the reaction, and thus less load will need to be addressed by the 

gas recovery system. 

 

Technical description 

Reducing the by-products generated in the reaction will reduce the gas treatment workload and 

thus improve the net result. The operator can use several parameters to seek a lower content of 

lighter by-products in this vent stream. These decisions will not only affect the composition of 

this vent stream but other key results of the operation, such as energy usage. 

 

The following features are decisions and/or parameters to be taken into account for the design. 

 

 Applying a deeper vacuum leads to higher selectivity and thus a lower steam required 

for a given selectivity target.  
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 Optimising the EB–steam ratio fed to reaction: a higher steam–hydrocarbon ratio results 

in higher conversion, and also higher selectivity. 

 Catalyst: The quantity of catalyst used for a given plant capacity is related to the liquid 

hourly space velocity (LHSV), i.e. the volume of liquid hydrocarbon feed per hour per 

volume of catalyst. To determine the optimal LHSV for a given design, several factors 

are considered: ethylene conversion, styrene selectivity, temperature, pressure, pressure 

drop, SHR, and catalyst life and cost. In most cases, the LHSV is in the range of 0.4–0.5 

h/l. This corresponds to a large quantity of catalyst, approximately 120 m
3
 or 120–160 t 

depending on the density of the catalyst, for a plant of 300 000 t/yr capacity. 

 Catalyst stabilisation techniques (CST): see subchapter on spent catalyst waste 

avoidance techniques. 

 Lower conversion leads to higher selectivity.  

 Oxidative reheat. 

 Reactor configuration: radial, diameter, number of reactors, adiabatic/isothermic. 

 

Achieved environmental benefits 

Reduced emissions of VOCs to air (from this source or end-of-pipe device) are achieved. 

 

Environmental performance and operational data 

 

Cross-media effects 

This may lead to increased energy consumption. 

 

Technical consideration relevant to applicability 

Generally applicable. 

 

Economics 

Lower raw material costs. 

 

Driving force for implementation 

Lower feedstock costs. 

 

Example plants 

 

Reference literature 

Ullmann's Encyclopedia of Industrial Chemistry. 

 
13.4.1.1.2 Other abatement techniques 

 

Abatement techniques for this gas stream are not specific to this process and include the 

following. 

 

Condenser and post condenser 

 A larger condensing duty will reduce VOC losses on the net vent gas outlet (purge H2 

recycle compressor or other). See the CWW BREF on condensers. 

 

Absorption  

 Either with commercial solvents or by reusing by-products from other LVOC processes. 

 Hydrocarbons can be recovered by absorption with EB residue (bottom of EB 

distillation, called flux oil). Hydrocarbons can then be stripped from this residue and 

recycled to the process. See the CWW BREF on absorption. 

 

Recover and purify H2 for chemical usage 

 The net vent gas outlet from the gas recovery system has a high H2 content. The 

hydrogen can be purified either in a PSA unit and supplied to the hydrogen grid, or 

compressed and used as a chemical in a hydrogenation unit. See the CWW BREF on 

PSA recovery. 
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Methanation of CO 

 CO methanation: a physico-chemical process to generate methane from a mixture of 

various gases. The main components are carbon monoxide and hydrogen. The main 

catalysts used for this reaction are ruthenium, cobalt, nickel and iron. Methanation is the 

reverse reaction of steam methane reforming, which converts methane into synthesis 

gas; however, this is, most probably, not economically profitable. See the CWW BREF 

on recovery by chemical treatments. [Request to TWG: Should we move this technique 

to emerging techniques?]  

 

Use as a fuel 

 Often the hydrogen from the reaction is used as fuel and delivers the majority of the 

energy in the steam superheater (SSH). The vent gas collected in the SM plant can be 

collected and delivered to the SSH which can be used as a thermal oxidiser. The vent 

gas collected in the EB unit, frequently integrated with the SM plant, can be mixed with 

the SM vent gas and also delivered to the SSH. Natural gas and/or liquid fuels can be 

burnt there too. See the CWW BREF on recovery for fuel usage 

 

The remaining vent gas is sent to an end-of-pipe abatement device, which may be shared with 

other parts of the process. 

 

13.4.1.2 Emissions from vacuum systems 
 

There may be a number of different vacuum systems in operation (i.e. for the reaction section 

and for the fractionation section). The stream from the vacuum system that operates in the 

fractionation section is normally not relevant for an individual abatement system (i.e. the vent 

gas collected in the fractionation system can be routed to the SSH in the dehydrogenation 

reaction section). Emissions from vacuum systems will be collectively treated in an end-of-pipe 

abatement device such as a thermal oxidiser. 

 

13.4.1.3 Emissions from shared end-of-pipe abatement 
 

The following techniques are not specific to this process and include: 

 

 thermal oxidisers,  

 energy recovery in a furnace , 

 flares. 

 

Further details on all these techniques can be found in the CWW BREF. Note that flares should 

only be used as a last resort abatement device, i.e. as a safety device. 

 

13.4.1.4 Fugitive emissions 
 

For information on techniques to reduce fugitive emissions, please refer to the CWW BREF. 

 

13.4.1.5 Emissions from storage  
 

Most units include ethylbenzene storage, styrene storage and residue storage. These are 

typically atmospheric storage tanks. The common techniques to reduce emissions can be applied 

there:  

 

 vents are fitted with a condensing unit;  

 vents are routed to a combustion plant or thermal oxidiser. 

 

Further information is available in the CWW BREF and the EFS BREF. 

 

13.4.1.6 Combustion gases 
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Emissions from combustion plants where the principal objective is the production of energy, 

e.g. as steam, heat, electricity or combined heat and power, are outside the scope of this BREF. 

Full descriptions of all the emission control techniques that can be applied (ten heading format) 

can be found in the LCP BREF. The SHH falls within the scope of the LCP BREF. 

 

Fuel use in the steam superheater is described in the table below. 

 
Table 13.6: Fuel use in EBD steam superheaters 

 Plant #1 Plant #2 Plant #3 Plant #4 

Natural gas No Yes Yes Yes 

Fuel gas Yes Yes Yes No 

H2-rich stream from SM process  For shutdowns  Yes Yes 

Other streams from SM process B/T splitter vents  Tar Tar 

H2 content of fuel gas (NOC) (% v/v) 10  96 87 

 

 
Table 13.7: Combustion control on steam superheaters 

 Plant #1 Plant #2 Plant #3 Plant #4 

O2 % actively controlled Yes Yes No Yes 

Air preheat Yes No No No 

SCR No No No No 

Steam injection No No No No 

 

 

13.4.2 Techniques to reduce emissions to water 
 

13.4.2.1 Techniques to reduce effluent from the reaction section 
 
13.4.2.1.1 Apply deeper vacuum in the reaction section 

 

Since the 1970s, vacuum design has become standard, as its benefits include high conversion 

and high selectivity. The low dilution steam required at low pressure outweighs the cost of the 

compressor. The lower steam usage will lead to lower effluent generation. This forms part of the 

reactor design; see Section 13.4.1.1 on process optimisation. 

 

Other techniques that are not specific to this process are the following. 

 

Liquid phase separation 

 All plant designs will include a decanter or phase separation device (such as a settling 

drum) for downstream reaction. The organic phase will be sent to a fractionation unit 

and the effluent will go for further recovery treatment. See the CWW BREF for 

decanters. 

Stripping 

 Most plant designs will include (downstream of the decanter) a stripper to recover 

hydrocarbons from the effluent and will send them back to the process fractionation 

section. See the CWW BREF for stripping. 

Adsorption 

 The separated process water is cleaned of hydrocarbons by a stripping column and, in 

some installations, an additional adsorption process on activated carbon or similar. See 

the CWW BREF for adsorption. 

 

After stripping, the waste water will pass to the combined waste water treatment plant. 

 
13.4.2.1.2 Reuse as condensate/BFW 

 

Description 
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The water from the reaction effluent section is used as boiler feed water after being treated by 

VOC stripping and filtering through activated carbon. 

 

Technical description 

The steam used for reaction, later condensed and separated of hydrocarbons (decanters, etc.), is 

treated to recover this condensate as boiler feed water. Several treatments may be applied to 

purify it (i.e. stripping and absorption in charcoal bed). Frequent monitoring is normally 

applied. 

 

Achieved environmental benefits 

Reduce emissions to water, reduce usage of water. 

 

Environmental performance and operational data 

 

Cross-media effects 

Treatment costs may be higher than those of raw water treatments. 

 

Technical consideration relevant to applicability 

To be applied in new plants. 

 

Economics 

Treatments done to recover condensate are normally at a lower cost than treating raw water for 

boiler feed usage. 

 

Driving force for implementation 

Lower water usage is achieved. 

 

Example plants 

 

Reference literature 

Ullmann's Encyclopedia of Industrial Chemistry 

 

13.4.2.2 Techniques to reduce effluent from the fractionation system 
 

This stream is normally not relevant and thus few plants will have a dedicated abatement 

system. This stream might be sent to join the reaction section effluent and thus share treatment 

at source. 

 

The below techniques are not specific to this process. 

 

Water-free vacuum generation 

 When water usage or effluent loads are a problem for the installation surroundings, then 

a vacuum pump system is recommend over an ejector-based design. See the CWW 

BREF for vacuum systems. 

Liquid phase separation 

 See the CWW BREF on decanters and phase separation. 

 

After stripping, the waste water will pass to the combined waste water treatment plant. 
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13.4.2.3 Techniques to reduce raw material consumption 
 

The following table gives an overview of techniques applied at some installations. 

 
Table 13.8: Overview of raw material efficiency techniques 

 Plant #1 Plant #2 Plant #4 Plant #5 

Downstream heat 

recovery 
Yes Yes  Yes Yes 

Adiabatic or 

isothermal 
Adiabatic Adiabatic Isothermal Adiabatic Adiabatic 

Reactor 

configuration 
3 2 in series 1 2 in series 3 & 1  

Catalyst selection Iron oxide BASF BASF Fe  

Oxidative reheat No No No No  Yes 

Conversion vs 

selectivity (%) 
68 63 63 67 72 

Steam–feed ratio 1.5 1.1 1.3 1.5 0.67–0.77 

Vacuum level 

(mbar) 
0.5 350 450 50 500 

Reaction energy 

GJ/t 
14.57 12.5  8.06 

 

 
Table 13.9: Tar avoidance in distillation 

 Plant #1 Plant #2 Plant #4 Plant #5 

Inhibitor 

dosing 
Yes Yes  Yes Yes 

Reduced DP 

distillation 
Yes Yes  Yes No 

Usage 1.0657 1.077 1.054 8.06 

 

13.4.2.4 Process design selection 
 

The process design techniques in Section 13.4.1 will also enable efficient use of raw materials. 

 

13.4.2.5 Catalyst selection 
 

Description 

Group decisions and criteria to select the catalyst that delivers the best yield on feedstock. 

 

Technical description 

Increasing competition has prompted manufacturers to seek new catalysts that produce higher 

yields without compromising activity or physical properties, or catalysts that meet specific 

requirements (G-64 and G-84 types; Criterion 105; etc.) A catalyst life of two years is claimed. 

A promoter is normally part of the catalyst system. 

 

Properties such as catalyst size and shape also impact performance. Smaller sized catalysts will 

increase reaction rates by providing more available catalyst surface area than larger sized 

catalysts. Small catalyst particles, however, have a disadvantage in that they result in greater 

pressure drop through a reactor and higher overall reaction pressures. To address this, catalyst 

developers have used specialised shapes, such as ribbed extrudates, to gain the advantage of 

increased surface area without incurring the penalty of increased pressure drop and reaction 

pressure. Ethylbenzene conversion, styrene selectivity, catalyst activity, and catalyst stability 

can be optimised by selecting the best catalyst or a combination of catalysts for a particular 

application. 

 

Achieved environmental benefits 

Lower feedstock usage is achieved. 
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Environmental performance and operational data 

Dehydrogenation catalysts usually contain 40–90 % Fe2O3, 5–30 % K2O, and promoters such as 

chromium, cerium, molybdenum, calcium and magnesium oxides. As raw material costs for 

styrene production increased rapidly during the 1970s, the need for development of high 

selectivity catalysts became urgent. The earlier catalysts of this type suffered from poor 

mechanical integrity and low activity. The useful lives of dehydrogenation catalysts vary from 

one to four years, and in most cases 18– 24 months, depending on the nature of the catalyst, the 

design and operation of the reactor system, and the quality of the feedstock. 

 

Cross-media effects 

High selectivity catalysts generally require a higher reaction temperature to effect the same 

ethylbenzene conversion. The higher temperature imposes additional demands on the equipment 

metallurgy, and increases the formation of phenylacetylene. During the 1980s, the mechanical 

integrity of the high selectivity catalyst was greatly improved. The catalyst manufacturers have 

also had considerable success in increasing the activity while preserving the selectivity. 

 

Technical consideration relevant to applicability 

Generally applicable. 

 

Economics 

Lower operational costs are achieved. The catalyst is a significant cost in the production of 

styrene owing to the large quantity required. There is considerable incentive to extend the useful 

life of the catalyst. Even more important than savings in catalyst cost is the reduction in 

downtime and increase in production that result from an extended catalyst life. 

 

Driving force for implementation 

Lower operational costs. 

 

Example plants 

 

Reference literature 

 

13.4.2.6 Catalyst system management and stabilisation 
 

Description 

Carbon deposition can be reversed to a large degree by steaming the catalyst, but the effect is 

only short-term; frequent steaming is not deemed to be economical. Steaming is ineffective for 

extending the catalyst life because it does not prevent chemical decomposition of the catalyst. A 

method of preventing decomposition and disintegration of the dehydrogenation catalysts called 

Catalyst Stabilisation Technology (CST) was invented in 1995 at Weymouth Laboratory of 

Raytheon Engineers and Constructors. 

 

Technical description 

A method and apparatus are proposed for regenerating and/or stabilising the activity of a 

dehydrogenation catalyst used in dehydrogenating an alkylaromatic hydrocarbon to obtain an 

alkenylaromatic hydrocarbon. The method comprises steps of continuously or intermittently 

adding an effective amount of an alkali metal compound to a reactant stream without 

interrupting the dehydrogenation reaction. 

 

Achieved environmental benefits 

Lower feedstock usage and lower spent catalyst waste generation. 

 

Environmental performance and operational data 

 

Cross-media effects 

No major drawbacks. 
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Technical consideration relevant to applicability 

Generally applicable. 

 

Economics 

Lower energy usage at lower benzene recycle rates. 

 

Driving force for implementation 

Lower operational costs are achieved. 

 

Example plants 

 

Reference literature 

Patent number 5.461.179 (Raytheon) and patent EP 2.155.635A1 (Total) 

 

13.4.2.7 Reaction approach: adiabatic reaction 
 

Description 

Over 75 % of all operating styrene plants carry out the dehydrogenation reaction adiabatically in 

multiple reactors or in reactor beds operated in series. The necessary heat of reaction is applied 

at the inlet to each stage, either by injection of superheated steam or by indirect heat transfer. 

 

Technical description 

Lower impurities are generated due to the better temperature profile management. 

 

Achieved environmental benefits 

A modern adiabatic dehydrogenation unit with two reactors and an inter-reactor reheater, 

operating with a high selectivity catalyst and at a pressure of 41 kPa at the second reactor outlet, 

can give a styrene selectivity as high as 97 % at an ethylbenzene conversion of 60–70 %. 

 

Environmental performance and operational data 

Better feed yields. 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

New installations. 

 

Economics 

 

Driving force for implementation 

Lower operating costs. 

 

Example plants 

 

Reference literature 

 

13.4.2.8 Oxidative reheat approach 
 

Description 

In the oxidative reheat technique or oxidative hydrogen removal, oxygen is fed to the reaction. 

Heat for reaction is generated by the controlled combustion of H2. Removing H2 from the 

reaction mixture shifts equilibrium towards EB conversion. 

 

 

Technical description 

Adding oxygen that reacts with H2, generating heat and enhancing larger conversions. Many 

efforts have been made to remove hydrogen from the process to favour the forward reaction. A 
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new process employs a noble metal catalyst that selectively oxidises hydrogen, allowing the 

ethylbenzene conversion to be increased to over 80 % while maintaining good styrene 

selectivity. It is mainly offered as a retrofit to existing units as a way of gaining extra capacity. 

It is claimed to have higher variable costs, but a lower capital cost than a conventional plant. 

 

Achieved environmental benefits 

High selectivity and thus high feedstock yields. 

 

Environmental performance and operational data 

 

Cross-media effects 

The quantity and viscosity of the residue are high. A wipe-film evaporator is then used 

downstream of the styrene finishing column to minimise yield losses. This scheme has also been 

used in the Far East. It has been reported that the increased polymerisation has caused difficult 

operating problems and reduced operating flexibility. 

 

Technical consideration relevant to applicability 

Revamp projects where capacity increase at a nominal capital cost is desired. 

 

Economics 

 

Driving force for implementation 

Lower operational costs. 

 

Example plants 

 

Reference literature 

Ullmann's Encyclopedia of Industrial Chemistry 

 

13.4.2.9 Avoid gums with use of inhibitor or retardants 
 

Description 

Selection (and optimisation of dosage) of a polymerisation inhibitor or retarder will reduce the 

losses of SM, and gum waste generation. 

 

Technical description 

An additive is fed at the beginning of the fractionation train to avoid/reduce polymerisation 

reactions. Factors to take into account are: 

 

• Inhibitor compound selection, 

• Inhibitor quantity optimisation. 

 

Achieved environmental benefits 

Higher feed yields will be achieved, leading to lower amounts of waste and by-products. 

 

Environmental performance and operational data 

 

Cross-media effects 

This leads to higher sulphur or nitrogen content in the by-products and might limit their reuse as 

fuel. 

 

Technical consideration relevant to applicability 

Generally applicable. 

 

Economics 

 

Driving force for implementation 
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Lower operational costs. 

Example plants 

All plants use this technique. 

 

Reference literature 

Ullmann's Encyclopedia of Industrial Chemistry. 

 

13.4.2.10 Avoid gums with lower temperatures 
 

Description 

This is a group of design and operational decisions to lower the operating temperature and 

residence time (or hold-up volume) in the fractionation system. 

 

Technical description 

The most effective measures may be the selection of distillation column internals that generate 

lower pressure drop and thus lead to lower pressures in the column bottoms. This leads to lower 

temperatures at a given composition. 

 

The key factors in this technique are: 

 

a)  distillation column design to reduce tar formation; 

b)  internal selection (packing) to reduce DP (and thus temperature); 

c)  reduce hold up. 

 

Achieved environmental benefits 

Lower waste generation and higher yields are achieved. 

 

Environmental performance and operational data 

 

Cross-media effects 

This leads to higher sulphur or nitrogen content in the by-products and might limit their reuse as 

fuel. 

 

Technical consideration relevant to applicability 

New units or major refits 

 

Economics 

 

Driving force for implementation 

Lower operational costs. 

 

Example plants 

 

Reference literature 

Ullmann's Encyclopedia of Industrial Chemistry. 

 

13.4.2.11 Techniques to reduce energy consumption 
 

Energy usage is an indirect source of combustion-related emissions to air. This section 

addresses techniques that are applied to reduce the energy demand. For techniques applied in 

the combustion processes, on the energy supply side, see the LCP BREF. 

 

13.4.2.12 Reaction section 
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Table 13.10: Energy use  

Kwh/t Plant #1 Plant #2 Plant #4 Plant #5 

Steam 2 884 2 253 1342 20 568 

Total electrical 52.75 68.6 135 164 

Compressors     

Heat recovery 

exchangers 
832    

Fuel 1 135.5    

Total energy usage 4 072.25 2 365 1 477 2 232 

 

Adiabatic approach 

 See Section 13.4.4.4 

 

Oxidative reheat 

 See Section 13.4.4.5 

 

13.4.2.13 Techniques to consider on energy recovery 
 

Reactor effluent heat can be recovered through heat exchange with combined feed and by 

generating steam which is utilised in the process. 

 
13.4.2.13.1 Reaction heat recovery 

 

Description 

Improved methods and related apparatus for efficiently recovering the heat of condensation 

from the overhead vapour produced during the separation of various components of the 

dehydrogenation reaction effluent. 

 

Technical description 

To minimise undesired polymerisation reactions by using, at least, a compressor to facilitate 

azeotropic vaporisation of an ethylbenzene and water mixture within a range of 

pressure/temperature conditions. In this option, the EB/SM splitter overhead vapour is used to 

boil an EB–water azeotrope mixture, which is then fed to the dehydrogenation reactors. The 

condensation of the splitter overhead vapour produces approximately 500 kcal/kg styrene. This 

energy saving potential makes the azeotropic heat recovery option economically attractive, 

particularly in regions with moderate to high steam costs. 

 

Achieved environmental benefits 

Lower energy usage. 

 

Environmental performance and operational data 

 

Cross-media effects 

This option is highly energy efficient but requires an incremental investment. 

 

Technical consideration relevant to applicability 

New installations. 

 

Economics 

Lower operational costs. 

 

Driving force for implementation 

Lower operational costs. 

 

Example plants 

It has been used in the Far East. 
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Reference literature 

Patent Number US 07.922.980. 

 
13.4.2.13.2 Flameless distributed combustion 

 

Description 

Flameless distributed combustion for heating reactor feed streams. Provides continuous heat 

input to the reaction and permits operation at lower temperatures. 

 

Technical description 

Heat transfer is primarily done by convection, as opposed to conduction in conventional heat 

exchangers. A process heater is provided utilising flameless combustion, as follows. The 

process heater has an oxidation reaction chamber, which has an inlet for the oxidant, an outlet 

for combustion products, and a flow path between the inlet and the outlet. A fuel conduit is 

capable of transporting a fuel mixture to a plurality of fuel nozzles within the oxidation reaction 

chamber, each nozzle providing communication from within the fuel conduit to the oxidation 

chamber, with each nozzle along the flow path between the inlet and the outlet. A preheater is in 

communication with the oxidation chamber inlet. The preheater is capable of increasing the 

temperature of the oxidant to a certain temperature, resulting in the combined oxidant and fuel 

from the fuel nozzle closest to the oxidation chamber inlet being greater than the autoignition 

temperature of the combined oxidant and fuel from the fuel nozzle closest to the oxidation 

chamber inlet. ʻFlameless Distributed Combustionʼ technology enables specific constraints in 

the conventional dehydrogenation system to be overcome, in particular designing for low 

steam–oil ratios. 

 

Achieved environmental benefits 

Lower energy usage is achieved. A low steam–oil ratio is desirable because of the substantial 

energy savings associated with superheating less steam. However, a practical lower steam–oil 

ratio limit exists due to the metallurgy of the steam superheater, steam transfer lines and 

interstage reheater. Flameless Distributed Combustion allows for operation at molar steam–oil 

ratios less than 7:1 without a costly metallurgy upgrade. This is accomplished by heating the 

reaction mixture more directly through a combustion and convective heat transfer process. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

New units 

 

Economics 

Lower operational costs. 

 

Driving force for implementation 

Lower operational costs. 

 

Example plants 

 

Reference literature 

Patent number 7.025.940. 

 
13.4.2.13.3 Techniques to consider on energy for fractionation 

 

Earlier designs utilised trays in this application. Present designs utilise structured packing and 

trays to increase capacity (only for revamped units). Other designs may also include reactive 

distillation. See Generic chapters in the LVOC BREF. 
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13.4.3 Techniques to reduce waste generation 
 

13.4.3.1 Techniques to recover benzene and toluene 
 

The dehydrogenation reaction also generates a mixture of benzene, toluene and some non-

aromatics with boiling points spread between those of benzene and toluene. The amount of 

benzene/toluene produced depends on the dehydrogenation conditions and catalyst. A lower 

steam–olefin ratio (to save steam) generally increases the amount of benzene/toluene. The 

amount increases during run length as a consequence of catalyst ageing. 

 

Toluene generation is quite constant over the entire run length and depends on the catalyst and 

dehydrogenation operating conditions, while benzene increases over the time the catalyst charge 

spends on-stream. Every plant design will include a system (normally a train of distillation 

columns) to recover both toluene and benzene (regardless of this system being inside or outside 

battery limits). Toluene is sent to the aromatics plant for further treatment. Benzene is normally 

recycled to the EB plant. In some cases, the splitting of benzene from toluene can take place 

inside the SM plant. The benzene is recycled to the EB unit while the toluene is sent to the 

aromatic unit or refinery. 

 

13.4.3.2 Techniques to consider for hydrogen recovery 
 

See Section 13.4.1 on emissions to air. 

 

13.4.3.3 Techniques to consider on spent catalyst 
 
13.4.3.3.1 Selection of catalyst system 

 

Description 

Select catalyst system with longer on-stream life. 

 

Technical description 

The problem with carbon production is that carbon is a catalyst poison. When potassium is 

incorporated into the iron oxide catalyst, the catalyst becomes self-cleaning (through the 

enhancement of the reaction of carbon with steam to give carbon dioxide, which is removed in 

the reactor vent gas). 

 

Achieved environmental benefits 

Less spent catalyst is generated. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Generally applicable. 

 

Economics 

 

Driving force for implementation 

Lower catalyst cost. 

 

Example plants 

 

Reference literature 

Kirk-Othmer Encyclopedia of Chemical Technology. 

 

Other techniques that are not specific to this process include the following. 
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Catalyst stabilisation techniques 

 See Section 13.4.3.3 

Catalyst regeneration ex situ 

 The lifetime can be prolonged by the application of catalyst stabilisation technology 

offered by one of the licensors. In some cases it is preferable to have the catalyst 

regenerated in an external facility or disposed of after removal of hydrocarbons. See the 

LVOC BREF Generic Chapter. 

Catalyst regeneration in situ 

 See the LVOC BREF, Generic chapter. 

 

Disposal of spent catalyst may ultimately need to be to landfill or by incineration. Sometimes 

hazardous waste incineration is required. 

 

13.4.3.4 Techniques to consider regarding tar 
 
Table 13.11: Tar production in EBD plants 

 Plant #1 Plant #2 Plant #4 Plant #5 

Tar kg/t 6.4 7.1 9.9 8.7 

EB purity 97.5 99.2 99.8 99 

Used as a fuel No Yes Yes Yes 

Tar cracking No No No No 

 

Spent solvents = 1.2–6 kg/t of SM. 

 
13.4.3.4.1 Techniques to consider regarding tar formation 

 

Description 

This technique is a group of structured measures that seek to reduce tar generation. 

 

Technical description 

The following parameters, criteria or decisions can favour a lower tar generation. 

 

1) Feed purity: diethylbenzene can lead to divinylbenzene. The main problem is that 

divinylbenzene starts the formation of cross-linked polymer that results in heavy insoluble 

fouling. 

2) Conversion target. 

3) A rapid quenching is necessary to cool the effluent products from the catalytic bed and 

minimise the thermal formation of by-products (applicable to isothermal reactions). After the 

reaction, the products are cooled rapidly (perhaps even quenched) to prevent polymerisation. 

4) Reducing residence time and temperatures where liquid phase streams, containing styrene, 

are processed. 

 

Achieved environmental benefits 

The achievements are higher yield in feedstock, less generation of non-conventional and 

nitrogen-rich fuels. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Generally applicable. 

 

Economics 

Lower operating costs. 
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Driving force for implementation 

Lower operating costs. 

 

Example plants 

 

Reference literature 

 

Other techniques that are not specific to this process include: 

 

Tar cracking to generate feedstock 

 See Chapter 11 on phenol production 

Use as fuel in furnace 

 Heavy aromatic compounds (tars) can be consumed as fuel. The sulphur or nitrogen 

content in this residue stream is a concern due to the use of polymerisation inhibitors in 

the process. See the LCP BREF and the LVOC BREF Generic Chapter. 

 
13.4.3.4.2 Monitor tar composition prior to reuse as fuel 

 

As residues of the fractionation tar are used as fuel, the nitrogen- and sulphur-based inhibitors 

used in fractionation may lead to larger emissions. 

 

Description 

Design and operation of an analytical procedure to determine the NOX and SOX emission 

generation based on using the tar residue as a non-conventional fuel. 

 

Technical description 

Sulphur was originally used, but environmental constraints make sulphur tar unacceptable as a 

fuel. Many new inhibitors have been marketed, usually aromatic compounds with amino, nitro, 

or hydroxy groups (e.g. phenylenediamines, dinitrophenols and dinitrocresols). 

 

Uniroyal is especially active in this field. The distillation inhibitor tends to be coloured and is 

thus unacceptable in the final product; finished monomer is usually inhibited instead with tert-

butylcatechol (TBC) (10–50 mg/kg) during storage and transportation. 

 

Achieved environmental benefits 

Limit SOX and NOX emissions from combustion processes. 

 

Environmental performance and operational data 

 

Cross-media effects 

No major drawbacks. 

 

Technical consideration relevant to applicability 

Generally applicable – the frequency of monitoring can be reduced if previous sampling process 

absence of sulphur and nitrogen species. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 
13.4.3.4.3 Optimise use of inhibitors 

 

Description 
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This is a group of techniques that optimises the amount of certain inhibitors that have negative 

impacts on the use of tar as a fuel in combustion processes. 

 

Technical description 

Sulphur was used extensively as a polymerisation inhibitor until the mid-1970s. It is effective 

but the residue leaving the distillation train is contaminated with sulphur and is not 

environmentally acceptable as fuel. Newer inhibitors, mostly nitrogen-containing organic 

compounds such as dinitrophenol and dinitrocresol, have been developed to replace sulphur. 

They are more expensive and some are highly toxic, but it is acceptable to use the residue-

containing inhibitors of this type as fuel. The styrene product also needs an inhibitor to retard 

polymerisation in storage and shipping. The term inhibitor is often used indiscriminately in the 

styrene industry to denote substances ranging from a true inhibitor to a retarder. True inhibitors 

prevent the initiation of polymerisation by reacting rapidly with free radicals; retarders reduce 

the rate of polymerisation. New inhibitor systems that are said to be capable of dramatically 

reducing polymer formation have been developed. 

 

Achieved environmental benefits 

This technique reduces the emissions of SOX and NOX from combustion processes. 

 

Environmental performance and operational data 

The most commonly used inhibitor for this service is 4-tert-butylcatechol (TBC), which is 

colourless, usually in 10–15 ppm concentration. 

 

Cross-media effects 

This can lead to higher oligomer formation and thus larger waste generation. 

 

Technical consideration relevant to applicability 

Generally applicable 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 

13.4.3.5 Techniques regarding gums and oligomers 
 

Reduce operating temperature 

 See Section 13.4.3.5.  

Inhibitor optimisation 

 See also inhibitor usage in Section 13.4.3.4 & 13.4.5.4.5. 

 

13.4.3.6 Techniques to consider regarding coke 
 

Description 

This is a group of operational tools to reduce the formation of coke. 

 

Technical description 

The following options will reduce coke formation. 

 

1)  Fresh ethylbenzene feed is mixed with recycled ethylbenzene and vaporised.  

Dilution steam must be added to prevent the ethylbenzene from forming coke. The 

dilution with steam reduces the potential for the formation of coke, acts as a diluting 

agent, maintains the correct state of oxidation of the catalyst and supplies sufficient heat 
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capacity to lessen the adiabatic reduction of temperature associated with the conversion 

of ethylbenzene. 

2)  Operating under vacuum. 

 

Achieved environmental benefits 

Over generation and emission of coke 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

New units or major refits 

 

Economics 

 

Driving force for implementation 

Reducing downtime will also reduce maintenance costs. 

 

Example plants 

 

Reference literature 

 

13.4.4 Techniques to consider reducing other than normal operations 
 

Other than normal operating conditions may generate increased, or different, emissions (types 

and values). The measures that are mentioned below are used by operators to reduce the 

frequency of occurrence, as well as the impact of these events. 

 

13.4.4.1 Generic measures for other than normal operations 
 

The operating conditions described in the previous section (13.2.3) occur in this type of 

installation. The measures that are taken to minimise their occurrence and their impact can be 

found in the LVOC BREF Generic Chapter. 

 
13.4.4.1.1 Specific measures for other operating conditions 

 

Certain specific events (other than normal operating conditions) have specific measures to 

reduce the frequency of occurrence and impact on the environment. These specific measures are 

described below. 

 

13.4.4.2 Technique to reduce catalyst-related operations 
 

Description 

This is a group of tasks to minimise the occurrence and the impact of catalyst-related operations. 

 

Technical description 

1)  In commercial practice, the reaction temperature is increased to compensate for the 

decrease in the activity of the catalyst and to maintain the desired conversion. This 

procedure continues until the temperature reaches the limit allowed by the mechanical 

design of the reactor system or when the styrene selectively is deemed too low to be 

economical.  

2)  See Section 13.4.5.3. 

 

Achieved environmental benefits 

Lower waste generation is achieved. 
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Environmental performance and operational data 

The useful lives of dehydrogenation catalysts vary from one to four years, and in most cases 18– 

24 months, depending on the nature of the catalyst, the design and operation of the reactor 

system, and the quality of the feedstock. 

 

Cross-media effects 

Higher energy usage to operate at higher temperatures. 

 

Technical consideration relevant to applicability 

Generally applicable. 

 

Economics 

The catalyst is a significant cost in the production of styrene owing to the large quantity 

required. 

 

Driving force for implementation 

Longer uptime, lower maintenance costs. 

 

Example plants 

 

Reference literature 

 

13.4.4.3 Techniques to reduce equipment plugging 
 

Description 

This is a group of tasks to minimise the occurrence and the impact of equipment plugging 

events. Best practices in design, operation and maintenance. 

 

Technical description 

Operation: Operate at as low a temperature as possible (by applying vacuum). Use of polymer 

inhibitor (see Chapter 13.4). 

Design: Lower delta pressure by selection of proper column internals. 

Design heat exchangers and distillation column internals to bear fouling. 

Maintenance: Preventive maintenance  

To perform regular inspections. 

 

Achieved environmental benefits 

The material that plugs the equipment is waste to be disposed of. Also, plugging events may 

lead to larger emissions to air and/or water related to start-up and shutdown operations, as well 

as equipment cleaning operations. 

 

Environmental performance and operational data 

 

Cross-media effects 

These practices do not have major drawbacks. 

 

Technical consideration relevant to applicability 

Generally applicable. 

 

Economics 

 

Driving force for implementation 

Longer uptime, lower maintenance costs. 

 

Example plants 

 

Reference literature 
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13.4.4.4 Techniques to reduce decoking events 
 

See Section 13.4.5.6. 
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13.5 Emerging techniques 
 

[Note to TWG: the EIPPCB has developed some contents for the emerging techniques sections 

of the BREF. Neither the data collection questionnaires nor TWG members' spontaneous 

comments have provided sufficient information for the current BREF review on this topic. 

Therefore, TWG members are invited to complete the information collected by the EIPPCB: 

 The contents are presented in a tabular format in accordance with the BREF guidelines 

((2012/119/EU) 

 In some cases the technique has been identified as emerging but there is a lack of 

information to complete the fields to describe it] 

 

13.5.1 Dimerisation of 1,3-butadiene to 4-vinylcyclohexene 
 

Description 

An alternative route to styrene that is being heavily researched starts with the Diels–Alder 

dimerisation of 1,3-butadiene to 4-vinylcyclohexene. This reaction is exothermic and can be 

accomplished either thermally or catalytically. Thermal processes require a temperature of about 

140 ºC and a pressure of about 4 MPa. This route to styrene is not yet economically attractive, 

but the availability and price of butadiene in the future could make it so. 

 

Commercially developed 

 

Level of environmental protection 

 

Cost savings compared to existing BAT 

 

Chance of becoming BAT in the future 

 

When it might become commercially available 

 

References 
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14 CO-PRODUCTION OF STYRENE AND PROPYLENE OXIDE  
 

14.1 General information 
 

[Request to TWG: please check the production capacity information and the detailed list of 

production sites set out in Table 14.1 and provide updates and corrections where appropriate.] 

 

Styrene monomer (C6H5CH=CH2) is a major industrial product with a production of more than 

27 million tonnes per year worldwide. Styrene is mainly used as raw material for polystyrene 

manufacturing. Polystyrene is the fourth most widely produced polymer following polyethylene, 

polypropylene, and polyvinyl chloride. Styrene is also used in the production of other styrenic 

resins such as acrylonitrile butadiene styrene (ABS) and styrene acrylonitrile (SAN).  

 

Propylene oxide (PO) is a major industrial product with a production of more than 7 million 

tonnes per year worldwide. Approximately 70 % of it is used to produce polyether polyols, 

which is a raw material for polyurethane production. The remainder is used to produce 

propylene glycol, which is a raw material for unsaturated polyesters, and an additive in food 

products and cosmetics.  

 

Most styrene is produced by ethylbenzene dehydrogenation (see Chapter 13). However, a 

significant proportion of styrene is co-produced with propylene oxide. In this process, 

ethylbenzene is first oxidised to form its' hydroperoxide. The hydroperoxide is then converted to 

alcohol in an epoxidation reaction with propylene. Finally, the alcohol is dehydrated to form 

styrene, with propylene oxide as the principal co-product. 

 

In 20YY, the production capacity of these plants in Europe was ## million tonnes of styrene and 

## million tonnes of propylene oxide, which was XX % of global styrene capacity and XX % of 

global propylene oxide capacity. European co-production of styrene and propylene oxide by the 

epoxidation process is summarised in 

Table 14.1 below. 

 
Table 14.1: European co-producers of styrene and propylene oxide 

Country City Operator Process Capacity (
1
) 

(kt/year) 

Belgium Antwerp Solvay / Dow HPPO 300 (
2
) 

Netherlands Maasvlakte Lyondell 

Basell 

EB/SMPO 565 

Netherlands Moerdijk Shell EB/SMPO 440 

Spain Tarragona Repsol EB/SMPO 450 

Spain Puertollano Repsol EB/SMPO 150 

(
1
) Styrene monomer production capacity 

(
2
) Propylene oxide production capacity 

 

This chapter focuses on those processes where installations are located in more than one 

Member State. This document does not cover those manufacturing processes that have become 

obsolete due to their lower economical profit margins or due to their larger environmental 

impact. Table 14.2 shows the world trend on the different PO production alternatives. 
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Table 14.2: Trends in SMPO production routes 

Number of sites 1986 1991 1996 1999 2006 2008 
% 

Share 

CHPO Chlorohydrin  58 55 49 48 43 45 41 

PO/SM PO/Styrene 18 19 24 29 33 34 34 

PO/TBA PO/TBA 24 26 24 22 15 20 15 

HPPO Direct 

oxidation 

0 0 2 1 5 1 5 

CHP Cumene/CHP 0 0 0 0 4 0 5 

World production (kt/yr) 3 300 3 900 4 900 5 800 6 000 7 000  

[Request to TWG: Please provide a short summary of the key economic issues and market 

trends for SMPO] 

 

Other co-products formed in parallel with propylene oxide are of considerable economic value, 

because they can be converted to methyl tert-butyl ether (MTBE) or styrene in subsequent 

reaction steps. When styrene or MTBE is in great demand, co-product process economics are 

competitive with those of the alternative chlorohydrin production routes.  

 

Key Environmental Issues 

 

The key environmental issues for the co-production of styrene and propylene oxide are as 

follows. 

 

 The most significant emissions to air are generated in the oxidation and epoxidation 

sections and are normally recovered for other uses. 

 There are two effluents for which treatment is technically complex and relevant: the 

acid purge from the oxidation step and the caustic wash from the epoxidation step. 

 Tar and other residues arise from the various fractionation steps. 

 

Emissions from storage and fugitive emissions are also important in this type of plant. 
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14.2 Applied processes and techniques 
 

14.2.1 Process options 
 

The process options for the production of styrene monomer are described in the previous 

chapter (Chapter 13). This chapter describes in detail the process for its co-production with 

propylene oxide. 

 

As well as the many processes there are to manufacture styrene, there are also various routes to 

produce PO.  

 

The principal options for the production of propylene oxide are: 

 

 the indirect oxidation route; 

 the chlorohydrin process; 

 epoxidation of propylene with hydrogen peroxide; 

 epoxidation of propylene with organic peroxides; 

 epoxidation using molten salts. 

 

Of these, the most commonly applied process is the indirect oxidation route and this is the only 

process described in detail in the subsequent sections of this chapter. The other processes are 

reviewed briefly below. 

 

Chlorohydrin process: The original chlorohydrin process has a large environmental footprint 

because of the large volume of waste water produced (approximately 40 tonnes of waste water 

per tonne of PO produced) and the high electricity usage necessary to generate chloride 

feedstock. It also produces about two tonnes of chloride salts per tonne of PO.  

 

In the chlorohydrin process, the first step is the production of propylene chlorohydrins 

(chlorohydrination). A propylene chloronium complex is first produced followed by reaction 

with water to produce two propylene chlorohydrin isomers. 

 

The chlorohydrin process has long been the main process for producing both ethylene oxide and 

PO. In the 1940s, ethane epoxidation started to be phased out, following the development of a 

more efficient direct epoxidation process using a silver catalyst. As a result, many ethane 

epoxidation plants were converted for the epoxidation of propylene.  

 

The chlorohydrin process is present in only one Member State in the EU and is not considered 

further in this BREF.  

 

Epoxidation with hydrogen peroxide: Hydrogen peroxide and propylene are the only raw 

materials. This simpler process generates few by-products and no sizeable co-products to be 

marketed. The water can be subjected to normal treatment. No chlorine is used in the process, so 

the production of chlorinated by-products is avoided. 

 

To reach high hydroperoxide (HP) conversions at high PO selectivity, a two-step reactor is used 

achieving 90 % HP conversion in the first step below 90 °C and 30 bar in the liquid phase using 

methanol as the solvent. In a following separation step, the PO produced is removed from the 

reaction mixture by distillation. After feeding additional olefin, the final HP conversion realised 

in a finishing reactor is above 99 %. With optimised process parameters and TS-1 catalyst, total 

PO selectivity can exceed 94 %. 

 

Environmental benefits: reducing waste water by 70–80 %, compared with existing PO 

technologies; reducing energy usage by 35 %, compared with existing PO technologies; 

reducing infrastructure and physical footprint with simpler raw material integration and 

avoidance of co-products. 
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 Surplus propylene off-gas stream is recycled to the main reactor after removal of 

oxygen traces for safety reasons.  

 Hydrogen peroxide is converted completely and the propylene conversion in the process 

is nearly quantitative.  

 The crude PO product from each reaction step is purified by distillation.  

 The methanol is recycled.  

 The final water stream is tested for traces of glycols and methoxypropanols prior to 

being discharged to the waste water treatment unit. 

 

However, there is extra energy lost in these processes, in the form of hydrogen being converted 

to water.  

 

This route leads to the smallest environmental footprint. However, as there is only one 

production plant in Europe the share of information for the ʻSevilla processʼ is limited. It is 

therefore not considered further in this BREF. 

 

Organic peroxide method: PO-only production method, so it is not considered further in this 

BREF. Sumitomo Chemical has developed a PO-only production method using cumene 

hydroperoxide (CMHP). Cumene is oxidised in air to obtain cumene hydroperoxide. 

Cumylalcohol (CMA) and PO are obtained from CMHP and propylene in the presence of a high 

activity titanium epoxidation catalyst. CMA is hydrogenated to obtain cumene, which is 

recycled in the process.  

 

Epoxidation using molten salts: A process for the epoxidation of propylene using molten 

alkali-nitrate salts was developed by Olin. In this process, PO selectivity of 65 % at 15 % 

propylene conversion is reported when a propylene-air mixture flows through a molten alkali-

nitrate salt mixture. Nitrous oxide (N2O) has been investigated extensively as an alternative 

oxidising agent for the epoxidation of propylene, especially after the discovery of Fe-ZSM-5 

zeolite, in which selective oxidations could be up to 80 %. This technique is not commonly 

applied, so it is not considered further in this BREF. 

 

14.2.2 Indirect oxidation process 
 

The first step is the oxidation of ethylbenzene to form its' hydroperoxide. The hydroperoxide is 

later converted in alcohol in the epoxidation reaction with propylene, and the alcohol is later 

dehydrated to styrene. The tert-butyl alcohol or α-phenylethanol co-products formed in parallel 

with PO are of considerable economic value, because they can be converted to methyl tert-butyl 

ether (MTBE) or styrene, respectively in subsequent reaction steps. When styrene or MTBE is 

in great demand, co-product process economics are competitive with those of the alternative 

chlorohydrin production routes. The co-products are always formed in larger amounts than PO 

itself (only when it is referred to in terms of mass, not molecular terms). 

 

The ethylbenzene process produces 2.2–2.5 kg of styrene per kilogram of PO. Obviously, the 

presence of these co-products can also become a disadvantage if the demands for PO and the 

respective co-product are not properly balanced, requiring that PO production capacity be 

restricted as demand for the co-product weakens. A regional limitation of the co-product 

processes results from raw material logistics. Economic operation requires integration into a 

refinery complex, where mixed butanes and ethylbenzene are readily available. Integration in a 

petrochemical process is generally more efficient, but not required, and both propylene and 

ethylbenzene can be imported. They require large capital investment and present serious 

difficulties on balancing the PO and SM markets volatility. 

 

14.2.3 Other than normal operating conditions 
 

14.2.3.1 Specific other than normal operating conditions 
 

Deviation from stable and normal operating conditions can arise for the following reasons: 
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 oxidation reactivity loss; 

 oxidation feed control malfunction; 

 phase separation; 

 large excess of wash water feed;  

 higher temperatures; 

 epoxidation reaction conditions; 

 distillation flaws; 

 malfunction or failure of spent air oxidiser post condensers; 

 charcoal absorbers end of run (not in every plant design); 

 hydrogenation start-up; 

 charcoal decanter malfunction (not in every plant design); 

 neutralisation decanter malfunction; 

 equipment fouling; 

 malfunction/stoppage of end-of-pipe abatement technique.  

 

Frequency of occurrence: 5 to 10 days per year (homogeneous epoxidation normally has more 

flaws). 

 

14.2.3.2 Generic other than normal operating conditions 
 

The following operations deviate from standard operating procedures in SMPO plants. 

 

 Routine start-up: the hydrogen (off-gas) is sent to a flare during this upset condition. 

This operating condition may last from a few hours to some days (only EBD process). 

 Shutdown for maintenance preparation: equipment flushing, higher load to WWT, 

potential emission to surface water (rainwater) header 

 Low plant rate due to force majeure. (These are flaws that occur on final product 

consumption or raw material supply.)  

 Containment losses greater than normal in systems that operate under vacuum. This will 

increase ejector water/steam usage, net emissions to water or air. 

 Plant idle. 

 Service or utility failure: malfunction of cooling water and/or chilled water; power, 

DCS, instrument air. 

 Higher production rate (than 100 % design). 

 

Frequency of occurrence: up to 25 days per year (low plant rate event not taken into account in 

this figure). 

 

14.2.4 Equipment important for environmental protection 
 

The following systems perform important operations for environmental protection and should 

have the longest uptime possible. 

 

 To air 

o vent header treatment system (charcoal adsorber or oxidation system) outlet 

periodic sampling; 

o chilled water TIC (oxidiser condensers); 

 charcoal adsorber regeneration programme. 

 To water  

o charcoal decanter; 

 neutralisation decanter. 
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14.3 Current emission and consumption levels 
 

The epoxidation process for the co-production of styrene and propylene oxide (SMPO) includes 

several basic operations. In Figure 14.1 a flow diagram shows the major emission streams of 

this industrial chemical process. 

 

 

Figure 14.1: SMPO process block flow diagram 

 

14.3.1 Emissions to air 
 

14.3.1.1 Emissions to air from oxidation section 
 

The initial step of the process is the oxidation of ethylbenzene with air to produce its' 

hydroperoxide along with minor amounts of alpha-methylbenzyl alcohol and acetophenone. The 

oxidation takes places at 2 bar and 140–150 ºC in the liquid phase. The exhaust gas from the 

reactor columns contains inert gas (mainly nitrogen) and a mixture of organic vapours. Process-

integrated techniques for treating this stream include condensers, chilled condensers and an 

absorber or adsorber. 

 

Composition: this vent releases nitrogen and excess oxygen brought into the process with the  

reaction air. COX; EB; EB feedstock is manufactured by the alkylation of benzene, it may  

contain residual levels of benzene (EPA claims 35 ppm benzene content and US sites average a  

7 kg/h benzene flow. ASTM D3193 – 09 for reference); methanol; physical entrainment of  

acetophenone (ACP), methylbenzyl alcohol, and methane occurs. 

 

Monitoring: FID (such as NIOSH 1501, EPA 18, UNE-EN 14789, UNE-EN 13284). 

 

Amount: these emissions are significantly lower than the alternative process emissions to air  

(chlorohydrin or tert-butyl hydroperoxide processes). In the United States, the EPA shows  

public data from the ARCO process in Channelview. The plant capacity is 600 kt/yr and the  

oxidation vent stream has 3 400 kg/hr of aromatics compound in a vent stream of 16.4 m
3
/sec.  

In this unit, the end-of-pipe abatement is a scrubber that removes 99 % of the original organic  

content. The resulting stream contains 35 ppm of benzene (or 7.2 kg/h). 

 

In the Netherlands, where the gas is treated by carbon adsorption followed by a thermal 

oxidiser, emissions are below the following levels: benzene: 5 mg/Nm
3
, acetaldehyde: 

20 mg/Nm
3
 and total VOCs (excluding benzene): 50 mg/Nm

3
 as half hourly mean values from 

continuous monitoring. Where catalytic oxidation is used after treatment, the off-gas should 

commit to the following limits: TOC (overall): 150 mg/Nm
3
 (excluding methane), ethylbenzene 

(EB): 100 mg/Nm
3
, 1-phenylethanol (MBA): 100 mg/Nm

3
 and benzene: 5 mg/Nm

3
. All these 

limits are referenced to 273 K, 101. kPa, dry basis and 11 % O2 vol. 

 

14.3.1.2 Emissions to air from epoxidation section 
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In the downstream epoxidation reaction, the pressure is reduced and most of the residual 

propylene and other low boilers are separated from the reaction mixture in a flash and/or 

distillation column. Normal operating conditions are 35–40 bar and 100 ºC. Conditions that 

depend on the type of process and ranges quoted here are too narrow, or only relevant for one 

specific configuration.  

 

The operating conditions and capacities are:  

 high conversion: 95–99 %;  

 selectivity PO/EBHP = 80–85 % approximately;  

 selectivity (MBA and acetophenone)/EBHP > 90 %;  

 selectivity PO/propylene = 93 % approximately. 

 

Process-integrated techniques: in the epoxidation section, it is necessary to purge the impurities 

that enter into the process with the propylene, with the use of distillation columns. For this 

reason, there can be two purge streams depending on the quality of the propylene feedstock: a 

de-ethaniser purge stream to remove the ethane and other light ends and a depropaniser purge 

stream to separate the propane. In some cases, both purges can be sent to the plant fuel gas 

manifold/header as fuel feedstock, as an abatement technique. See the process diagram in the 

'Techniques to consider' chapter. 

 

Composition: the gas stream is consists of propane, propene, ethane, methane, COX. 

 

Monitoring: this is not normally done in individual streams; most installations have scarce data. 

 

Amount: emission volumes are not relevant as the plant design (normally) includes an 

abatement technique, and are normally not measured. 

 

14.3.1.3 Emissions to air from fractionation units 
 

The SM/PO production process includes a large number of feedstock and intermediate recycle 

streams that are generated in subsequent separation and fractionation equipment. 

 

Oxidation: Downstream oxidation the EB hydroperoxide is concentrated by removing EB via 

distillation. 

 

Epoxidation: The crude epoxidate is washed. The washed stream is then distilled to separate 

PO product and styrene. In the downstream epoxidation, the propylene is recovered via 

distillation. In the epoxidation section it is necessary to purge the impurities that enter into the 

process with the propylene. For this reason, there can be two purge streams depending on the 

quality of the propylene feedstock: a de-ethaniser purge stream to remove the ethane and other 

light ends and a depropaniser purge stream to separate the propane. 

 

Styrene purification: Downstream MBA dehydration styrene is purified in distillation 

operations. The post-dehydration section may include a distillation column train in order to 

purify the styrene monomer product. Depending on the technology or design configuration, 

there can be two or three columns in this section. One first column runs to remove the 

compounds that are lighter than the styrene monomer (mainly ethylbenzene and other light 

ends). A second column runs to distil the styrene product from the top. The bottoms stream with 

a high content of acetophenone is sent to the hydrogenation section. In some cases, a third 

column can be installed in order to reduce the styrene losses towards the hydrogenation section.  

 

PO purification: PO distillation trains may have different configurations. 

 

By-product recovery and conversion: Separation of EB in excess from the MBA/ACP stream 

takes place in a vacuum distillation section. (See US EPA "LSE Benzene" page 5-18) The MPG 

by-product is also purified via vacuum distillation. Prior to ACP hydrogenation, there is also a 

vacuum distillation step. 
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Composition examples of the vacuum systems for these distillations are given below. 

 

 Benzene: this vacuum header manifold is the only large benzene emission point of the 

plant. The benzene present results from feedstock (ethylbenzene) impurities and/or 

minor side reactions. 

 Other VOCs: there will be slightly different compositions depending on distillation 

conditions and targets. Atmospheric: light HC, aromatic, others (H2O from dehydration 

and H2 from hydrogenation). Vacuum distillation will have these VOCs diluted in the 

air that could enter the vacuum systems. 

 

Process-integrated techniques include condensers and overhead receivers. Individual streams are 

not normally monitored; most installations have scarce data.  

 

14.3.1.4 Emissions to air from the hydrogenation section 
 

After the pure styrene monomer is removed, the residual organic stream contains crude ACP, 

along with a mixture of various impurities. The stream is treated by catalytic reaction under 

pressure with hydrogen to convert ACP to a-methylbenzyl alcohol. The residual H2 stream from 

the hydrogenation reaction outlet contains some organic vapours that need to be treated. 

 

Operating conditions:  

o 2.5–3.0 MPa and 180–190 ºC;  

o conversion ACP: 84 % approximately;  

o selectivity MBA ACP 94 %.  

 

Existing processes require high pressure hydrogen for ACP hydrogenation and large quantities 

of hydrogen in excess of ACP. In addition, in the hydrogenation reaction, a sufficient yield has 

not been achieved due to by-products such as EB.  

 

Process-integrated techniques: normally a condenser, flash and a H2-rich recycle stream are 

implemented in the design. 

 

Composition: the expected composition in this stream is excess hydrogen, methane, 

ethylbenzene, ACP, phenylethanol, water. 

 

Monitoring: normally not done in individual streams, most of installations have scarce data. 

 

Amount: normally not measured. 

 

14.3.1.5 Emissions of VOC to air from shared end-of-pipe abatement 
 

The plant can be provided with a vent recovery network for continuous and non-continuous 

vents to be sent to a shared end-of-pipe abatement device or reuse. 

 

Composition: VOC, CH4, SO2, NOX, COX, dust, and non-methane VOCs.  

 

Monitoring: normally after abatement device, spot samples. 

 

Relevance:  VOC up to x g/t of SM 

  EB up to x g/t of SM 

  SM up to x g/t of SM 

  NOX, up to x mg/Nm
3
 

 

[Request to TWG: EIPPCB request additional data to populate the bullet points above.] 

 

14.3.1.6 VOC emissions to air from fugitive emissions 
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Much of the process operates under pressure; for fugitive releases see the CWW BREF. Other 

operations that could result in fugitive releases include maintenance during turnarounds. 

 

Composition: CO, CO2, NMVOC, methane, EB, styrene and aromatics. 

 

Monitoring: kg/t SM or kg/year - using the method described in the CWW BREF. 

 

Amount: x g/tonne of SM. 

 

14.3.1.7 VOC emissions to air from storage 
 

Tanks and other storage assets are used for raw materials, consumables, end-products and for 

intermediates. These are typically atmospheric storage tanks. These tanks may be 

geographically far away from the main plant in order to share abatement techniques with other 

process streams. Tank vent gases are, in some cases, partially recovered by condensation 

(chilled water) and non-condensable gases are incinerated. Other processes use storage tanks 

blanketed with nitrogen where vent gases are sent to the atmosphere or to an absorption column 

to remove hydrocarbons. See the EFS BREF. 

 

Composition: raw materials, products and co-products. 

 

Monitoring: kg per tonne of SM or kg per year. 

 

14.3.1.8 Emissions to air from combustion processes 
 

Steam boilers or hot oil furnaces that supply heating fluid utilities can be dedicated to the SMPO 

plant or shared with nearby installations. These emissions may also include the combustion of 

non-conventional (non-commercial) fuel such as the tar stream generated in fractionation 

section. See LCP BREF. 

 

Composition: SOX, NOX, COX, dust, etc. Besides the common furnace flue-gases' composition, 

these emissions to air may have more SOX and NOX due to the reuse of process streams (by-

products) as non-conventional fuel. Some of these streams may have a higher nitrogen or 

sulphur content due to the use of polymerisation inhibitors/retarders. 

 

Other than normal operations: dust emitted in shut blowing. 

 

14.3.2 Emissions to water 
 

The principal sources of emissions to water are: 

 

 the acid purge from the oxidation section; 

 the aqueous stream from the epoxidation caustic wash; 

 the aqueous stream from the SM purification section. 

 

Acid purge from the oxidation section: organic acids are generated in the oxidation of 

ethylbenzene. The vapours from the oxidation reaction outlet contact directly with the recycle 

EB inlet stream to recover heat. As a result of the contact the water and the low boiling organic 

acid in both streams are stripped and separated. This stream is the ʻacid purgeʼ. 

 

Composition: water (approximately 70 %); ethylbenzene (less than 1 %); organic acids: but no 

benzoic acid or phenols. Formic acid, acetic acid, and propionic acids are present (8–10 wt %). 

EB hydroperoxide and other peroxides (1.5–3 wt %); monopropylene glycol (0.5–2.0 wt %); 

dipropylene glycol (less than 0.2 wt %). This stream has: low pH (1.7–3); low flow but high 

TOD and COD and complex biodegradability. The table below shows an example of this 

stream's composition, which is one of the technical challenges of this process due to its low pH 

and high COD. 
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Table 14.3: Effluent composition from acid purge 

Parameter mg/l 

TOC  

COD  

Peroxides  

Alcohols  

EB  

pH  

Flow  

 

[Note to TWG: EIPPCB has only one data set from one installation and so is unable to 

anonymise the data. We request MS and operators to provide more information.] 

 

Aqueous stream from epoxidation caustic wash: this stream will vary depending on the 

process design and the catalyst system selected. One example of the characterisation of this 

stream is shown in the table below. 

 
Table 14.4: Effluent composition from epoxidation wash 

Parameter mg/l 

TOC  

ACP  

PO  

Metallic 

catalyst 
 

NaOH  

Salts  

Alcohols  

pH  

Flow  

 

[Note to TWG: EIPPCB has only one data set from one installation and so is unable to 

anonymise the data. We request MS and operators to provide more information.] 

 

a)  Heterogeneous (silicate-based) catalyst 

 

In this case, there are no catalyst residues present in the aqueous stream, only the organic acids 

resulting from reactions upstream. This alkaline washing produces an aqueous stream, also 

called alkaline purge, highly loaded with organic compounds and sodium that can be taken 

integrally to water treatment, without any prior pretreatment, which permits the recovery of 

organic matter. The typical composition of the stream is of between 4 % and 8 % of compounds 

of an alcoholic nature, mostly monopropylene glycol and methylbenzyl alcohol, between values 

of 3 % and 6 % of organic salts, largely sodium benzoate and phenolate and a content greater 

than 2 % of sodium hydroxide. The treatment is very complex, mainly due to three aspects: its 

high organic matter content, which is translated into a high value of chemical oxygen demand 

(COD greater than 40 % by weight), the high flow of said stream and, finally, the fact that it 

contains organic compounds that are not easily degradable. 

 

b)  Homogeneous (molybdenum-based) catalyst complex 

 

Acids in this stream cause dehydration of the 1-phenylethanol to styrene. Water washing is 

applied. The purpose of the (basic solution) washing step is to remove catalyst and organic 

compounds and neutralise organic acids from reactions upstream. A later phase separation 

(decanter) step takes places to split the phases below. 
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(i) Aqueous phase (the ʻalkaline purgeʼ): wash water, organic compounds, salts and 

epoxidation spent catalyst (effluent water is not always measured for the spent catalyst). 

A waste stream is produced that has a very large volume and contains metallic catalyst 

and neutralised acids and phenols. Very technically complex treatment is foreseen due 

to the conjoint presence of catalyst and neutralised catalyst. 

(ii) Organic phase: propene, 1-phenylethanol, ACP, ethylbenzene propylene oxide, 

monopropylene glycol. 

 

Pollutants in this aqueous stream are: 1–8 % alcohol: monopropylene glycol, dipropylene 

glycol, tripropylene glycol, methylbenzyl alcohol;  3–8 % organic salts: sodium benzoate, 

phenolates; 1.5–2 % NaOH, metallic catalyst; 0.01–1.00 wt % of propylene oxide; 0.02–2.00 

wt % of acetophenone. 

 

Aqueous stream from SM purification section: The co-product 1-phenylethanol from the 

epoxidation downstream can be dehydrated to styrene by two processes.  

 

1)  A vapour phase reaction over a catalyst of silica gel or titanium dioxide at 250–320 °C 

and atmospheric pressure.  

2)  A liquid reaction with an organic acid at 175–210 ºC and under vacuum. The reaction 

also releases water as a dehydration reaction product. 

 

This product is then distilled to recover purified styrene and to separate water and high boiling 

organics for disposal. Water may also be removed mainly via decantation prior to distillation. 

Unreacted 1-phenylethanol is recycled to the dehydrator. Composition: large molecular weight 

aromatics (precursors), ACP, gums, methylbenzyl alcohol, styrene, and ethylbenzene. 

 

Others effluents: other caustic washes such as the stream from the dehydration section 

(components: styrene, acetophenone, methylbenzyl alcohol, benzylic alcohol, 2-phenylethanol, 

phenoxypropanol, phenolic salts, heavy compounds, sodium hydroxide); adsorbers' regeneration 

condensate; vacuum systems' condensates, etc. Auxiliary systems like cooling water or energy 

generation systems may generate less relevant effluents. See the CWW BREF. 

 

Most SMPO plants will have specific effluent treatments applied to the relevant individual 

streams mentioned in this chapter. A shared and common waste water treatment may operate 

downstream of those specific recoveries or treatment techniques. The collective stream at the 

plant battery limits will depend largely on the plant design (i.e. catalyst system selected). It may 

have the following characteristics. 

 

Composition: organics compounds such as ethybenzene, styrene, benzene. 

 

Amount: up to 2 t/ t of SM. 

 

Monitoring: parameters such as EB, total alcohols, peroxides, TSS, pH, COD. 

 

14.3.3 Raw material consumption 
 

Ethylbenzene and propylene usage: ethylbenzene consumption effectively reflects waste 

and/or by-product generation, and is a key parameter that influences plant profitability. Usage is 

typically 1 100–1 200 kg/t of SM. The initial step of the process is the oxidation of 

ethylbenzene with air to produce its peroxide and minor amounts of alpha-methylbenzyl alcohol 

and acetophenone, alpha-methylethanol, benzoic acid, other organic acids. Selectivity to 

impurities production in the oxidation: 8–10 % ACP; 5–7 % phenylethanol; 1 % organic acid 

impurities.  

 

Solvents usage: there may be three purposes for using solvents in this process: 

 

a)  triphenylmethane: to carry dehydration catalyst; 
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b)  toluene: to carry epoxidation catalyst in the MTBE process; 

c)  extraction solvents to purify PO: n-octane and others for final extractive distillation. 

 

Some process design options do not use solvents in the dehydration and epoxidation. 

 

14.3.4 Energy consumption 
 

Energy consumption is heavily dependent on the SMPO configuration. The energy mix used 

depends on availability, costs, supply, integration with other units, etc. These values show the 

energy-related utilities per tonne of SM: 

 

 electricity (kWh/t)             150–200 

 steam (kWh/t)         3 000–4 000 

 total (kWh/t)                     3 200–4 100 

 energy recovery (kWh/t)   250–300 

 

The use of energy for process compressors is important, as shown below. 

 

 The oxidation reactors are supplied by compressed ambient air.  

 Temperature control in oxidation via off-gas recycling can require a compressor. 

 Propylene recovery downstream of epoxidation can require a compressor. 

 The hydrogen fed to the ACP hydrogenation will possibly require a compressor (or 

come from the header out of battery limit) and/or the H2 recycle stream. 

 

Energy is also consumed in fractionation operations – further information can be found in the 

subsection on emissions to air from fractionation to review its relevance. 

 

Energy recovered from process heat. 

 

 There are several energy recovery opportunities as the oxidation reaction is exothermic. 

Energy from the exothermic reaction can be used to preheat feed, etc.  

 

14.3.5 Water consumption 
 

The process water consumption is reported by CEFIC as up to 0.25 m
3
/tonne of SM. 

 

14.3.6 Co-products, by-products and waste generation 
 

The principal products from this process are propylene oxide and styrene monomer. In addition, 

ethane and propane may be present in the propylene feed. There are a number of process 

intermediates that are (normally) neither isolated nor purified: e.g. ACP and MBA. ACP 

(approximately 115 kg/t) is sent to a hydrogenation unit for conversion into methylbenzyl 

alcohol to maximise styrene production. 

 

The principal waste streams are: 

 

 tars and heavy cuts up to 80 kg/t; 

 light ends cuts from purification operations; 

 spent resins and spent adsorbents; 

 hydrogen-rich purge; 

 spent catalyst to be replaced – up to 0.12 kg/tonne of SM+PO; 

 catalyst residues; 

 spent solvents. 

 

Tars and heavy cuts: the sources of tar are as follows. 
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 Heavy bottom cut from the alcohol (MBA) distillation prior to dehydration or from SM 

purification.  

 Bottom residues (as consequences of SM polymerisation under acid conditions). First 

they are recovered upstream of hydrogenation via fractionation.  

 Bottom cuts from PO purification. Part of the bottom fraction is recovered as MPG 

production. 

 Heavies from dehydration reaction. 

 Heavies from hydrogenation feed distillation. 

 

Light ends cuts from purification operations: the sources of light HC are:  

 light HC from epoxidation reaction recovered in distillation; 

 Lights from PO purification. 

 

Spent resins and spent adsorbents: this material is generated due to: 

 spent ion exchange in the purification of PO to remove methylformate; 

 charcoal adsorption from oxidation vents, activated carbon waste. 

 

Hydrogen-rich purge: hydrogen/methane purge from hydrogenation reaction section: 

consequence of low purity of hydrogen.  

 

Spent catalyst to be replaced: this applies to heterogeneous catalyst systems. Deactivated 

catalyst (in the heterogeneously catalysed process such as epoxidation and dehydrogenation) is 

replaced. 

 

Catalyst residues: this applies to homogeneous catalyst systems (i.e. epoxidation reaction). 

Dehydrogenation: catalyst purge from dehydrator; the catalyst leaves the unit partially in a 

heavies purge from the dehydration. 

 

Spent solvents: solvents are used in the reaction gas recovery system to reduce the hydrocarbon 

content of the H2-rich purge. 
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14.4 Techniques to consider in the determination of BAT 
 

This section describes techniques (or combinations thereof), and associated monitoring, 

considered to have the potential for achieving a high level of environmental protection in the 

activities within the scope of this chapter. The techniques described will include both the 

technology used and the way in which the installations are designed, built, maintained, operated 

and decommissioned. 

 

It covers environmental management systems, process-integrated techniques and end-of-pipe 

measures. Waste prevention and management, including waste minimisation and recycling 

procedures are also considered, as well as techniques that reduce the consumption of raw 

materials, water and energy by optimising use and reuse. The techniques described also cover 

measures used to prevent or to limit the environmental consequences of accidents and incidents, 

as well as site remediation measures. They also cover measures taken to prevent or reduce 

emissions under other than normal operating conditions (such as start-up and shut down 

operations, leaks, malfunctions, momentary stoppages and the definitive cessation of 

operations). Cross references to other chapters are used, where relevant to avoid repetition. 

 

Annex III to the Directive lists a number of criteria for determining BAT, and the information 

within this chapter will address these considerations. As far as possible, the standard structure in 

Table 2.3 is used to outline the information on each technique, to enable a comparison of 

techniques and the assessment against the definition of BAT in the Directive. 

 

This chapter does not necessarily provide an exhaustive list of techniques which could be 

applied. Other techniques may exist, or may be developed, which could be considered in the 

determination of BAT for an individual installation.  

 

14.4.1 Techniques to reduce emissions to air 
 

Many SMPO units may have a shared end-of-pipe abatement device for the numerous vents 

generated across the plant equipment. The following techniques may apply to both treatment of 

individual streams and also shared abatement devices. 

 

14.4.1.1 Reduction of emissions to air from oxidation section 
 

The gas stream generated from oxidation is treated to recover hydrocarbons. These gas 

treatment systems will vary across plants, depending on their detailed engineering designs, but 

all of them will have a net vent stream that cannot be recovered. 

 

[Request to TWG: please provide emissions data associated with this the use of technique. The 

emissions data from the questionnaire is insufficient to use here. Your assistance is requested.] 

 
14.4.1.1.1 Process design selection 

 

Description 

This is a group of process-related decisions (design and operational) that will lead to less light 

components being generated in the reaction and thus less load to be addressed by the gas 

recovery system. 

 

Technical description 

Operating conditions: several patents describe new techniques to achieve better selectivity, 

selecting the appropriate pressure and temperature profiles. Liquid level in reactors will also 

have an effect; a higher level will increase the emissions. 

Reactor design: entrainment of liquid in the spent air can be reduced in various ways (knock-out 

drums, meshes, larger diameter overhead pipe, etc., to reduce velocity). Reducing the by-

products generated in the reaction will reduce the gas treatment workload and thus improve the 

net result. The operator can use several parameters to seek a lower content of lighter by-
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products in this vent stream. These decisions will not only affect the composition of this vent 

stream but other key results of the operation such as energy usage. 

 

Achieved environmental benefits 

Reduced emissions of VOCs to air (from this source or end-of-pipe device) are achieved. 

 

Environmental performance and operational data 

 

Cross-media effects 

This may lead to increased energy consumption. 

 

Technical consideration relevant to applicability 

New installations. 

 

Economics 

Lower raw material costs due to lower EB losses. 

 

Driving force for implementation 

Lower feedstock costs. 

 

Example plants 

 

Reference literature 

Ullmann's Encyclopedia of Industrial Chemistry and various patents on SMPO processes. 

 
14.4.1.1.2 Direct contact of spent air with EB recycle - chimney tray 

 

Description 

Vapour from oxidation is contacted with cool EB recycle stream in order to absorb contained 

EB from the vapours and to recover heat that is supplied to the recycled EB. Then cleaner, spent 

air is exhausted and a water acid purge is generated from this absorption. 

 

Technical description 

Recovery of heat from the exiting vapours and recycling of ethylbenzene, which is substantially 

free of water and organic acids, is accomplished by the provision of a direct contact between 

recycled liquid ethylbenzene and vapours exiting from the oxidation reactor. By means of this 

direct contact, rapid and efficient heat exchange between the vapours and the recycle liquid 

takes place, thus minimising the degradation of thermal energy to lower temperatures, and also 

avoiding the necessity for extensive mechanical surfaces which would be required if the heat 

were to be recovered through indirect exchange. Additionally, as a result of the contact, both the 

water and the low boiling organic acids are stripped from the recycled liquid ethylbenzene, and 

the heated liquid ethylbenzene is substantially improved in purity and is highly suited for 

feeding to the oxidation reaction. 

 

Achieved environmental benefits 

This technique leads to less VOCs in spent air and lower net energy usage. 

 

Environmental performance and operational data 

  

Cross-media effects 

No major drawback. 

 

Technical consideration relevant to applicability 

New installations or retrofits. 

 

Economics 

Lower operating costs. 
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Driving force for implementation 

Lower operating costs (energy, EB usage and off-gas pretreatment). 

 

Example plants 

 

Reference literature 

US patent 4.066.706. 

 
14.4.1.1.3 Other generic techniques 

 

The following generic techniques can also be applied here. 

 

Condensation and cryogenic condensation 

 A larger condensing duty will reduce VOC losses on the net vent gas outlet. See the 

CWW BREF on condensers. 

Set gas scrubber  

 Best suited for diluted streams but may generate high pressure drop (more energy on 

compressors). PEB or other available liquids can be used as a recirculating absorption 

liquid in the packed tower. This EB is recovered in an absorption column and recycled 

to the reactor train. See the CWW BREF on wet gas scrubbers. 

Adsorption 

 Charcoal may be the most common adsorbent. See the CWW BREF on adsorption. 

Thermal or catalytic oxidation 

 The waste gas (nitrogen, a small amount of oxygen, residual EB, and other organics) is 

sent to a thermal oxidiser or treated by catalytic oxidation to remove the traces of 

hydrocarbons. See the CWW BREF on recovery for end-of-pipe abatement devices. 

 

14.4.1.2 Emissions to air from epoxidation section 
 

Figure 14.2 shows one that comprises the main emissions to air. 

 

 

Figure 14.2 Example of SMPO manufacturing process covering all air emissions 

 
14.4.1.2.1 Downstream optimisation to maximise recovery 

 

Description 
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A group of process-related decisions (design and operational) that will lead to less light 

components being generated in the reaction and thus less load to be addressed by the gas 

recovery system. 

 

Technical description 

Operation: reducing propylene feed excess depends largely on other criteria such as yield. Raw 

material (propylene) specification: the higher the purity of propylene available the lower the 

reaction effluent stream will be. 

Design: recycle stream to propane splitter is normally included in all designs. 

Epoxidation catalyst system selection. 

 

Achieved environmental benefits 

Reduced emissions of VOCs to air (from this source or end-of-pipe device). 

 

Environmental performance and operational data 

 

Cross-media effects 

This may lead to increased energy consumption. 

 

Technical consideration relevant to applicability 

New installations 

 

Economics 

Lower raw material costs due to lower EB losses. 

 

Driving force for implementation 

Lower feedstock costs. 

 

Example plants 

 

Reference literature 

Ullmann's Encyclopedia of Industrial Chemistry and various patents on SMPO processes. 

 
14.4.1.2.2 Recover energy from process streams (calorific values)  

 

Propane is recovered in the splitter and sent to the fuel gas header/manifold as fuel feedstock. 

(This stream is the remaining one from the main recycling stream to the reaction feed; post 

reaction vent recycle stream of propane/propene to the propane splitter.) 

 

14.4.1.3 Emissions to air from fractionation units 
 

Horizontal techniques that can be applied here are as follows. 

 

Thermal or catalytic oxidation  

 See the CWW BREF on thermal and catalytic oxidation 

Recover energy in furnace  

 See the CWW chapter on energy recovery by furnaces 

 

14.4.1.4 Emissions to air from hydrogenation 
 
14.4.1.4.1 Process optimisation  

 

Description 

This is a group of process-related decisions (design and operational) that will lead to less light 

components being generated in the reaction and thus less load to be addressed by the gas 

recovery system. 
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Technical description 

Catalyst selection: on hydrogenation reaction to improve yield and reduce excess H2. 

 

Reduce excess H2. This would not be the best practice as it might affect the reaction yield. 

 

Condensers: cooling down off-gas from the reactor(s) to condense light organics. 

 

Achieved environmental benefits 

Reduced emissions of VOCs to air (from this source or end-of-pipe device). 

 

Environmental performance and operational data 

 

Cross-media effects 

This may lead to increased energy consumption. 

 

Technical consideration relevant to applicability 

New installations. 

 

Economics 

Lower raw material costs due to lower EB losses. 

 

Driving force for implementation 

Lower feedstock costs. 

 

Example plants 

 

Reference literature 

Ullmann's Encyclopedia of Industrial Chemistry and various patents on SMPO processes. 

 
14.4.1.4.2 Recycle to reaction feed 

 

Description 

This is a group of process-related decisions (design) that will lead to less light components 

being generated in the hydrogenation section and thus less load to be addressed by the gas 

recovery system located downstream. 

 

Technical description 

This is a normal design feature on hydrogenation reactions. A condenser, a flash and a recycle 

compressor are normally required. 

 

Achieved environmental benefits 

Reduced emissions of VOCs to air (from this source or end-of-pipe device). 

 

Environmental performance and operational data 

 

Cross-media effects 

This may lead to increased energy consumption. 

 

Technical consideration relevant to applicability 

New installations. 

 

Economics 

Lower raw material costs due to lower hydrogen usage. 

Driving force for implementation 

Lower feedstock costs. 

 

Example plants 
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Reference literature 

Ullmann's Encyclopedia of Industrial Chemistry and various patents on SMPO processes. 

 
14.4.1.4.3 Other generic techniques 

 

The following generic techniques can also be applied here. 

 

Recover hydrogen by PSA 

 See the CWW BREF. 

Recover energy in furnace  

 Inject the generated waste stream into the fuel gas manifold to recover energy. See the 

CWW BREF. 

Wet gas scrubber 

 Solvents are used in the reaction gas recovery system to reduce the hydrocarbon content 

of the H2-rich purge. See the CWW BREF for absorbers' gas treatment. 

Thermal or catalytic oxidation  

 See the CWW BREF on thermal oxidation. 

 

14.4.1.5 Fugitive emissions to air 
 

For information on techniques to reduce fugitive emissions, please refer to the CWW BREF. 

 

14.4.1.6 Emissions to air from storage 
 

Atmospheric storage tanks are typically used. The common techniques to reduce emissions can 

be applied there:  

 

 vents are fitted with a condensing unit;  

 vents are routed to a combustion plant or thermal oxidiser. 

 

Further information is available in the CWW BREF and the EFS BREF. 

 

14.4.1.7 Combustion 
 

Steam boilers or hot oil furnaces that supply heating fluid utilities can be dedicated to the SMPO 

plant or shared with nearby installations. These emissions may also include the combustion of 

non-conventional (non-commercial) fuel such as the tar stream generated in fractionation 

section. See the LCP BREF. For techniques applied to reduce the energy demand, see section on 

energy usage. 

 

14.4.2 Techniques to reduce emissions to water 
 

The LVOC BREF will address only effluent treatment at source and specific pretreatments.  

 

The treatment of the liquid effluents coming from the production of propylene oxide/styrene 

monomer (PO/SM) requires special technical considerations because of the characteristics of the 

waste water generated. Of the multiple waste water streams, some have a high content of 

aromatic components, which are difficult to degrade by a biological treatment system. This 

makes conventional biological treatment of these waste waters an unsuitable option. Test work 

with these technologies provided unsatisfactory results. 

 

Tests with solvent extraction showed high solvent losses, insufficient extraction, and a final 

effluent with a high solids content, a high colouration, and a high chemical oxygen demand 

(COD) value. This technology was rejected. Tests with incineration showed insufficient energy 

content in the waste water for economical operation and the high salt content of the waste water 

further complicated the incineration operation, so this technology was also rejected. 
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14.4.2.1 Techniques to reduce effluent from oxidation 
 

This stream is normally called ʻacid purgeʼ. In order to be able to mix the acid purge with the 

other aqueous effluents (which are mainly alkaline) it is necessary to remove the peroxide since 

peroxide under alkaline conditions decomposes giving out molecular oxygen and may create 

explosive atmospheres. 

 
14.4.2.1.1 Process design 

 

The following are features that every SMPO plant incorporates into their designs. These are 

process integrated measures:  

 

1. minimisation of the formation of such acid compounds (improve oxidation selectivity 

by recycling of inert gas in order to control reaction temperature); 

2. minimisation of formation of acid by limiting EB conversion (lower target of HP %) 

and thus EBHP decomposition; 

3. process design selection to split the EB from the aqueous stream (e.g. efficient chimney 

tray or decanter) 

 

[Request to TWG: Can members please indicate whether this is a technique or should it be 

included in Chapter 2 as a process design feature.  All these measures shown above are a 

baseline and applied in all plants, and might not be a ʻtechnique to considerʼ because they will 

not differentiate among plants (feedback requested here)]. 

 
14.4.2.1.2 Stripping followed by biotreatment 

 

Stripping followed by biotreatment might not be the preferred option because of the dangerous 

peroxide content. See the CWW BREF for strippers. 

 
14.4.2.1.3 Peroxide decomposition plus separation 

 

Description 

A propylene oxide/styrene monomer aqueous purge stream is contacted with a catalyst in 

conditions suitable to decompose the peroxides contained therein, and the oxygen formed by the 

decomposition is swept from the decomposition with a nitrogen vapour stream from 

ethylbenzene oxidation. 

 

Technical description 

An aqueous acidic liquid side-stream is removed and is passed to peroxide decomposition where 

catalytic decomposition of contained peroxidic materials takes place. The decomposition 

procedure used can employ a solid catalyst, as described in U.S. patent number 5.993.673.  

 

Where homogeneous liquid phase decomposition procedures are employed, catalyst 

concentrations typically of 2–10 ppm by weight as Fe are employed. Decomposition 

temperatures of 30–100 ºC are useful and residence times in the decomposition zone of 5 to 60 

minutes are preferred. 

 

An essential feature of the process is the use of a portion of the nitrogen vapour stream from 

spent air as a sweep gas to dilute and remove oxygen generated by peroxidic material 

decomposition and to avoid the formation of gas mixtures that are flammable or explosive. The 

vapour stream, mainly comprised of nitrogen, passes as an overhead stream and the vapour 

stream, comprised of the nitrogen plus oxygen formed by peroxide decomposition, is separated. 

An aqueous purge stream depleted in peroxidic components is separated and can be further 

treated by conventional procedures. 

 

Achieved environmental benefits 

Reduction or elimination of effluent from this section. 
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Environmental performance and operational data 

VOC emissions are produced. 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

New plants or major retrofits.  

 

Economics 

As a result of the above process, substantial savings are achieved compared to procedures where 

a purchased inert gas is used for the oxygen sweep. On the other hand, higher costs in 

equipment materials and maintenance due to corrosion problems should be considered. 

 

Driving force for implementation 

Lower operational costs. 

 

Example plants 

 

Reference literature 

US patent 6.755.979. 

 
14.4.2.1.4 Wet air oxidation combined with activated carbon regeneration 

 

Description 

This is a combination of generic techniques. Wet air oxidation, together with Powdered 

Activated Carbon Treatment (PACT) biological treatment and wet air regeneration of activated 

carbon (WAR), regeneration of the PACT activated carbon. 

 

Technical description 

Wet oxidation is used to treat the combined effluent stream, which is high in COD. Even though 

the COD is reduced significantly, the wet oxidation effluent does not have a sufficient quality to 

be discharged, so it must be biologically treated using the PACT system. The acid purge (AP) 

stream and other facility waste water, BCC, are also treated in the PACT system. The sludge 

from PACT is treated by WAR for regeneration of the activated carbon and destruction of the 

biomass. The effluent from the PACT process is filtered using a HydroClear® sand filter and 

discharged along with the rest of the complex effluent waters. 

 

Achieved environmental benefits 

Reduced emissions to water, reduced usage of water. 

 

Environmental performance and operational data 

After a re-evaluation, Repsol chose the wet oxidation process combined with a non-

conventional biological treatment as the best waste water treatment option. The main advantage 

to wet oxidation, which is a liquid phase oxidation, is that there is sufficient heat of reaction to 

maintain the reaction conditions without any additional fuel (autothermal). 

 

Cross-media effects 

Its peroxide content, together with severe corrosive conditions, makes this stream unsuitable for 

its treatment in the current Wet Air Oxidation System. Due to the high working temperature of 

the oxidation, it required preheating the acid purge and the heat exchanger corroded) (OHP 

paper from FMC Foret) 

 

Technical consideration relevant to applicability 

New plants. 

 

Economics 
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Treatments done to recover condensate usually incur lower costs for treating raw water for 

boiler feed usage. 

 

Driving force for implementation 

Reduced water usage. 

 

Example plants 

 

Reference literature 

See Repsol USFilter paper on Tarragona WWTU retrofit. 

 
14.4.2.1.5 Humide oxidation with peroxide 

 

Description 

Humide oxidation (OHP) is a technology for waste water treatment that uses hydrogen peroxide 

to generate highly oxidative hydroxyl radicals. This enables the cost-effective consumption of 

oxidation reagent. OHP can be used to treat all types of organic waste waters to achieve COD 

(TOC) reduction, or increase biodegradability. It can be applied as a stand-alone treatment or 

combined with a more economical biological treatment, depending on the oxidant's dose. OHP 

was found to be the most interesting since the peroxide could be removed from the stream using 

its oxidant power to reduce COD at the same time. In this process, O2 from decomposition 

reactions can also be removed by a N2 stream. 

 

Technical description 

The typical OHP plant consists of the following subsystems: acidification tank (not always 

needed), heat exchangers (in order to optimise the heat of reaction, the fresh effluent is partially 

heated by the treated water), CSTR reactor (or reactors to reach the necessary residence time) 

and the post-treatment system. 

 

Achieved environmental benefits 

Increase degradability and reduction of COD. The OHP was found to be the most interesting 

technology since the peroxide could be removed from the stream whilst using its oxidant power 

to reduce COD at the same time. 

 

Environmental performance and operational data 

 

Cross-media effects 

VOC emissions are generated. 

 

Technical consideration relevant to applicability 

Heterogeneous catalyst process might not generate streams that require this technique.  

 

Economics 

High cost of equipment materials and maintenance due to corrosion problems. 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

OHP paper from FMC Foret. 

 

14.4.2.2 Techniques to reduce effluent from homogeneous epoxidation 
 
14.4.2.2.1 Process design selection 

 

Description 
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Catalyst selection for the epoxidation reaction. Selecting a heterogeneous catalyst will reduce 

and oversimplify the treatment of this stream. 

 

Technical description 

Heterogeneous catalyst stays in the reactor avoiding the presence of metallic compounds in this 

aqueous stream. Increasing oxidation selectivity will reduce the organic content and decrease 

the washing intensity. 

 

Achieved environmental benefits 

 

Environmental performance and operational data 

This will reduce/eliminate the effluent from this section. 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Process knowhow under intellectual property rights, no access to other competitors. New plants 

or major retrofits of the homogeneous catalyst route. 

 

Economics 

Lower operational costs. 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

Cefic paper for LVOC BREF purposes. 

"The Production of Propene Oxide Catalytic Processes and Recent Developments" T. Alexander 

Nijhuis, Michiel Makkee,‡Jacob A. Moulijn, and Bert M. Weckhuys 

"Development of sol-gel catalyst by use of fast combinatorial synthesis and high throughput 

testing techniques for catalytic oxidation of propylene to PO". INCORPORACIÓN DE 

TITANIO Y MOLIBDENO EN MATERIALES MESO ESTRUCTURADOS PARA SU 

APLICACIÓN EN PROCESOS DE EPOXIDACIÓN DE OLEFINAS 

 
14.4.2.2.2 Neutralisation US 3.523.956 

 

Description 

The procedure described in U.S. patent number 3.523.956 provides a simple method for 

removing catalyst as well as acidic reaction products from the epoxidation effluent. 

 

Technical description 

It is known to remove the catalyst from the reaction product or epoxidation effluent by 

contacting the effluent with a sufficient quantity of an aqueous basic solution to remove catalyst 

from it in combination with acidic reaction products. This is described in U.S. patent number 

3.523.956. In this procedure an aqueous waste stream, containing salts of the catalyst in a 

mixture with salts of the organic acidic materials, is produced. 

 

Achieved environmental benefits 

Lower workload for WWT unit downstream. 

 

Environmental performance and operational data 

 

Cross-media effects 

A very large volume aqueous waste stream is produced, containing the metallic catalyst as well 

as the neutralised acids and phenols. 
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Technical consideration relevant to applicability 

New plants or major refits of the homogeneous catalyst route. 

 

Economics 

Driving force for implementation 

 

Example plants 

 

Reference literature 

US patent number 3.523.956. 

 
14.4.2.2.3 Two step process US 3.988.353 

 

Description 

Metallic catalyst is removed from epoxidation effluent (which contains organic acid and 

catalyst) by contact with a specified quantity of an alkali solution without removing the organic 

acids. One of the primary objectives of this invention process is to remove preferentially the 

metallic catalyst from an epoxidation effluent containing said catalyst and acidic reaction 

products. 

 

Technical description: 

Using a two stage procedure, most of the metallic catalyst can be selectively removed in a first 

stage, and acidic materials neutralised in a second stage. This procedure is selective in that one 

can obtain a relatively small volume of material containing essentially all of the catalyst, in 

order to have a modest amount of material that can be treated for recovery or disposal of the 

catalyst. 

 

Generally, the amount of catalyst present in the epoxidation effluent is extremely small 

compared with the amounts of acidic materials therein such as organic acids and/or phenols. 

Therefore, the percentage removal of these acidic materials is extremely small even when the 

quantities of base employed are substantial such as three or four gram-equivalents of base per 

gram-equivalent of catalyst.  

 

Step 1: The quantity of aqueous alkali solution charged here is insufficient to neutralise a 

substantial quantity of the acidic materials present in the epoxidation effluent charged to this 

first treater. The organic phase is removed and sent to a second stage.  

 

Step 2: The organic phase contacts with aqueous alkali solution. Here again, an aqueous phase 

containing alkali salts of formic acid, benzoic acid, phenol and other acidic organic materials is 

formed, and an aqueous solution is removed from this. This solution can be incinerated, for 

example, to recover the alkaline component of the original alkali solution. An organic phase 

formed in the second treater is removed for further treatment as desired. 

 

Achieved environmental benefits 

Lower metallic emissions to WWT unit. 

 

Environmental performance and operational data 

Lower workload for WWT unit downstream. 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Retrofit of treatment at source system. New plants or major refits of the homogeneous catalyst 

route. 

 

Economics 

Lower operational costs. 
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Driving force for implementation 

Simpler treatment for metallic recovery. 

 

Example plants 

 

Reference literature 

US patent number 3.988.353. 

 
14.4.2.2.4 Treatment in four steps 

 

Description 

The method for the treatment of an alkaline aqueous stream with a high organic matter content, 

from a propylene oxide/styrene production process, which comprises the following steps:  

 

1)  acidification of alkaline aqueous stream with inorganic acid at a pH less than 4.5;  

2)  separation of the two phases resulting from step 1 at a temperature greater than 40 ºC;  

3)  washing of the organic phase produced in step 2 with an acid aqueous solution, using an 

excess of acid in relation to the stoichiometric quantity corresponding to the sodium 

present in the organic phase;  

4)  separation of the two phases produced in step 3. 

 

Technical description 

A tool for the recovery of an aqueous waste stream from a co-production plant of propylene 

oxide, styrene and derivatives (SM/PO). This is achieved by the reduction in the value of the 

COD of aqueous waste streams with a high contaminant load and the use of the recovered 

organic matter, thus increasing the possibilities of industrial recycling and preserving the 

ecological balance. 

 

Achieved environmental benefits 

Lower emissions to water of alkaline compounds 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

New plants or major refits of the homogeneous catalyst route. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 
14.4.2.2.5 Other treatments upstream of WWT 

 

[Request to TWG: The following techniques are also mentioned in literature. The EIPPCB 

proposal is NOT to mention them here unless any TWG member proposes an argument for its 

consideration: 

 

 Cryogenic separation of salts and organics: patent US 5.558.778A 

 Acidification followed by extraction: patent US 5.675.055A 

 Evaporation (high energy usage): patent WO 0.132.561 

 Incineration after concentration: especially as the water streams from all units, including 

dehydration section can be combined. 
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 Solvent extraction] 

 

14.4.2.3 Techniques to reduce effluent other washing operations 
 

The techniques that can be employed to reduce the quantity of organic compounds discharged to 

water without (or with minor) metal content. Applies to caustic and water wash post-

epoxidation with heterogeneous catalysts that are similar to those applied in other SMPO 

washes (downstream the dehydration process, in the SM purification area) as no metallic 

compounds are present. 

 

Phase separation 

 Phase separation equipment selection and design: stabilising walls' size and position, 

overall volume, proper design to minimise turbulence inside decanters, etc. Phase 

separation control: phase level indicator and control techniques selected, etc. See the 

CWW BREF on decanters and phase separation. 

Chemical treatments 

 Dissolved organics in the aqueous phase are further recovered by treatment with 

sulphuric acid and phase separation. See the CWW BREF on chemical recovery. 

Distillation for reuse 

 Distillation post-washing can enable the reuse of aqueous phase for washing purposes. 

See the CWW BREF on stripping and distillation. 

Liquid-Liquid extraction 

 Distillation post-washing can enable the reuse of aqueous phase for washing purposes. 

See the CWW BREF. 

 

14.4.2.4 Techniques to reduce emission of solvents 
 

[Request to TWG: This section requires input from TWG members and feedback from 

operators.] 

 

Different techniques or measures can be applied in order to reduce the amount of solvent 

emissions: 

 Dehydration process selection. 

 Epoxidation process selection. Homogeneous catalyst route does not require solvents. 

 Purification technique selection. Some plants would use solvent extraction to purify and 

isolate products. 

 Solvent selection. Degradability of solvents differ from one to another. 

 Dedicated and closed system for collection of emissions. 

 

14.4.3 Techniques to reduce raw material consumption 
 

14.4.3.1 Best practices on feedstock yields 
 

See the techniques on process optimisation in this chapter, Section 14.4.1 on emissions to air. 

 
14.4.3.1.1 Oxidation selectivity 

 

Operators of the SMPO process can apply different techniques in order to increase the 

selectivity of the process: 

 Carry out oxidation at progressively decreasing temperature. 

 Recycle inert gas to oxidation. The reactor configuration suggested consists of up to 

nine separate reaction zones, over which the temperature is reduced from 146–150 ºC to 

132–140 ºC by controlled recycle gas addition to avoid decomposition of the peroxide. 

 Limit HP generation (conversion up to 13 % maximum) to avoid HP decomposition. 

 Purify recycled EB from decomposition promoters such as acid and water. 

 Reduce specification of water in EB feedstock to reduce HP decomposition. 
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 Presence of water in EB feedstock does not seem to be relevant to reduce HP 

decomposition, as water is added in the process prior to EB entering the reaction. 

 Feedstock purity. 

 Reduce/control iron presence. 

 
14.4.3.1.2 Selection of epoxidation downstream processes 

 

Different techniques or measures can be applied in order to reduce the amount of solvent 

emission.  These relate to the selection of process design option on the units that are 

downstream of the epoxidation reaction: 

 Post-epoxidation caustic wash to avoid EBHP decomposition. This is not considered a 

technique to reduce EBHP consumption, but to improve safety conditions. 

 Process technology selection: titanium is better than molybdenum. 

 Selectivity control and optimisation in epoxidation reaction step. 

 
14.4.3.1.3 Maximise the conversion of by-products into co-products 

 

In order to reduce the amount of residues, waste or residual products, there are various 

techniques to be applied in the SMPO plants: 

 Yield from HP to SM and PO.  

 Convert MBA to SM in a dehydration step. 

 Recover unreacted phenylethanol to feed the dehydrator. 

 Convert ACP into MBA in a hydrogenation step. 

 

14.4.3.2  Maximise product and by-product recovery  
 

The design of EB recovery in downstream units (EB/MBA/ACP distillation and hydrogenation 

process) to:  

o Recover: overheads condensers to recycle. Minimisation of PO losses in neutralisation 

and caustic wash section.  

o Minimisation of PO losses in crude PO distillation using adequate cooling system on 

top.  

o Recovery of unreacted propylene from epoxidation downstream section. PO is purified 

with (extractive) distillation. 

 

14.4.3.3 Techniques to consider on solvent usage 
 

Solvents are used to carry dehydration catalyst, to carry epoxidation catalyst and there are 

extraction solvents for PO purification. 

 

14.4.3.4 Techniques to reduce energy consumption 
 

14.4.3.5 Horizontal measures 
 

Distillation measures to reduce energy usage 

 See the LVOC BREF Generic Chapter. 

 

Energy savings in compressors 

 See the LVOC BREF Generic Chapter. 

 

14.4.3.6 Techniques to consider on energy recovery 
 

Reactor effluent heat can be recovered through heat exchange with combined feed. 

 

Description 

Use of heat generated in the exothermic reaction. 
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Technical description 

Design, build and operate a device (heat exchanger, direct contact, etc.) to provide reaction heat 

into the EB recycle stream. 

 

Achieved environmental benefits 

Lower energy usage. 

 

Environmental performance and operational data 

 

Cross-media effects 

This option is highly energy efficient but requires an incremental investment. 

Technical consideration relevant to applicability 

New installations or retrofits. 

 

Economics 

Lower operational costs 

 

Driving force for implementation 

Lower operational costs. 

 

Example plants 

 

Reference literature 

Several patents on this process. 

 

14.4.4 Techniques to reduce water consumption 
 

Where the vacuum system is based on ejectors, the water (condensate) from the vacuum system 

is reused for washing operations. 

14.4.5 Techniques to reduce waste generation 
 

Propylene oxide and styrene monomer are generated by this process.  

 

14.4.5.1 Ethane, propane and light end cuts 
 

Recover energy 

 In some cases, these purges or vents can be sent to plant fuel gas manifolds/headers as 

fuel. See Generic chapters. 

Recover feedstock by distillation or cracking 

 The ideal plant design will include distillation assets to recover other potential 

feedstocks that arrive with SMPO feeds. A de-ethaniser purge is used to remove the 

ethane and other light ends. A depropaniser purge is used to separate the propane. See 

Generic Chapter on LVOC BREF. 

Thermal or catalytic oxidation 

 The worst case scenario: these streams can be incinerated, treated by catalytic oxidation 

or destroyed in various environmental control devices. Flares should only be used for 

safety purposes. See the CWW BREF. 

 

14.4.5.2 Techniques to consider on hydrogen recovery 
 

See emissions to air from the hydrogenation section, H2-rich stream. Section 14.4.1.4 

 

14.4.5.3 Techniques to consider on spent catalyst 
 

Deactivated catalyst is replaced in a heterogeneously catalysed process such as epoxidation and 

hydrogenation. The typical level is around 0.15 kg/t. 
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14.4.5.3.1 Process design and optimisation 

 

Description 

Select catalyst system with longer on-stream life. 

 

Technical description 

A group of measures, which include research activities, process optimisation and catalyst 

assessment, that seeks to slower catalyst deactivation. 

Avoid oligomerisation in dehydration via lower reaction temperature. 

The lifetime can be prolonged by the application of the catalyst stabilisation technology offered 

by one of the licensors. 

Achieved environmental benefits 

Lower spent catalyst generation. 

 

Environmental performance and operational data 

 

Cross-media effects 

Lower conversion may lead to higher energy usage for EB recycling. 

 

Technical consideration relevant to applicability 

Generally applicable. 

 

Economics 

 

Driving force for implementation 

Lower catalyst cost. 

 

Example plants 

Reference literature 

Kirk-Othmer Encyclopedia of Chemical Technology. See previous chapters (14.4.3.3) 

 
14.4.5.3.2 Other generic techniques 

 

The following generic techniques can also be applied here. 

 

Catalyst regeneration off site to recover valuable compounds 

 In some cases, deactivated catalyst (MPK hydrogenation) is reprocessed externally to 

recover copper and chromium. See the LVOC BREF Generic chapter. 

 

Disposal of spent catalyst may ultimately need to be to landfill or by incineration. Sometimes 

hazardous waste incineration is required. 

 

14.4.5.4 Techniques to consider on catalyst residue 
 

These apply to homogeneous catalyst systems (i.e. epoxidation reaction). This residue is 

normally the consequence of having applied a treatment at the source of the effluent generated 

by the process.  

 

See emissions to water techniques (14.4.2.2). All catalysts will be deactivated and cannot 

always be activated again. Therefore, catalyst residues are always produced. 

 

Disposal of spent catalyst may ultimately need to be to landfill or by incineration. Sometimes 

hazardous waste incineration is required. 

 

14.4.5.5 Techniques to consider regarding tar and heavy cuts 
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14.4.5.5.1 Techniques to consider regarding tar formation 

 

Description 

A group of structured measures that seek to reduce tar generation. 

 

Technical description 

The following parameters, criteria or decisions can favour reduced tar generation. 

1)  Feed purity: diethylbenzene can lead to divinylbenzene. This should not be mentioned 

under heavies. The main problem is that divinylbenzene starts the formation of cross-

linked polymer that results in heavy insoluble fouling. 

2)  Reduce conversion by reducing reactor temperature or residence time. 

3)  Reducing residence time and temperatures where liquid phase streams, containing 

styrene, are processed.  

 Heavies from dehydration reaction: reduce yield. 

 Heavies from hydrogenation feed distillation: reduce yield. 

 

Achieved environmental benefits 

Higher yield in feedstock; reduced generation of non-conventional fuel. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Generally applicable. 

 

Economics 

Lower operating costs. 

 

Driving force for implementation 

Lower operating costs. 

 

Example plants 

 

Reference literature 

 
14.4.5.5.2 Other generic techniques 

 

The following generic techniques can also be applied here. 

 

Recover feedstock by distillation or cracking 

 See phenol illustrative chapter – Chapter 11. 

Use as fuel in furnace 

 See LCP BREF and LVOC BREF Generic Chapter. 

 

The heaviest compounds are concentrated and used as fuel. Heavy aromatic compounds (tars) 

can be consumed as fuel. Sulphur or nitrogen content in this residue stream is a concern due to 

the use of polymerisation inhibitors in the process. 

 
14.4.5.5.3 Monitor tar composition prior to reuse as fuel 

 

Since the fractionation tars are sent as fuel, the nitrogen- and sulphur-based inhibitors used in 

fractionation may lead to increased emissions. 

 

Description 

Design and operate an analytical procedure to determine the NOX and SOX emission generation 

based on the tar residue usage as non-conventional fuel. 
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Technical description 

Sulphur was originally used, but environmental constraints make sulphur tar unacceptable as a 

fuel. Many new inhibitors have been marketed, usually aromatic compounds with amino, nitro, 

or hydroxy groups (e.g. phenylenediamines, dinitrophenols, and dinitrocresols). 

Uniroyal is especially active in this field. The distillation inhibitor tends to be coloured and is 

thus unacceptable in the final product; finished monomer is usually inhibited instead with tert-

butylcatechol (TBC) (10–50 mg/kg) during storage and transportation. 

 

Achieved environmental benefits 

Limit SOX and NOX emissions from combustion processes. 

 

Environmental performance and operational data 

Typical levels are 60–70 kg/t. 

 

Cross-media effects 

No major drawbacks. 

 

Technical consideration relevant to applicability 

Generally applicable – the frequency of monitoring can be reduced if previous sampling proves 

no content of nitrogen nor sulphur. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 
14.4.5.5.4 Optimise use of inhibitors 

 

Description 

A group of techniques that optimises the amount of certain inhibitors with a negative impact on 

the use of tar as fuel in combustion processes. 

 

Technical description 

Sulphur was used extensively as a polymerisation inhibitor until the mid-1970s. It is effective 

but the residue leaving the distillation train is contaminated with sulphur and is not 

environmentally acceptable as fuel. Newer inhibitors, mostly nitrogen-containing organic 

compounds such as dinitrophenol and dinitrocresol, have been developed to replace sulphur. 

They are more expensive and some are highly toxic, but it is acceptable to use the residue-

containing inhibitors of this type as fuel. The styrene product also needs an inhibitor to retard 

polymerisation in storage and shipping. The term inhibitor is often used indiscriminately in the 

styrene industry to denote substances ranging from a true inhibitor to a retarder. True inhibitors 

prevent the initiation of polymerisation by reacting rapidly with free radicals; retarders reduce 

the rate of polymerisation. New inhibitor systems that are said to be capable of dramatically 

reducing polymer formation have been developed. 

 

Achieved environmental benefits 

Limit SOX and NOX emissions from combustion processes. 

 

Environmental performance and operational data 

The most commonly used inhibitor for this service is 4-tertbutylcatechol (TBC), which is 

colourless, usually in 10–20 ppm concentrations. 

 

Cross-media effects 
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Technical consideration relevant to applicability 

Generally applicable 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 

14.4.5.6 Techniques regarding gums and oligomers 
 

Reduce operating temperature 

 See Section 14.4.3.5. 

 

Inhibitor optimisation 

 See previous subchapters (insert reference). 

 

14.4.5.7 Techniques to consider spent consumables 
 

Spent resins and spent adsorbents; spent ion exchange in the purification of PO to remove 

methylformate and other impurities. 

 

Charcoal adsorption from oxidation vents. Activated carbon waste is processed externally 

(incinerated). Disposal of spent consumables may ultimately need to be to landfill or by 

incineration. Sometimes hazardous waste incineration is required. 

 

14.4.6 Techniques to consider reducing other operating conditions 
 

Other than normal operating conditions may generate increased, or different, emissions (types 

and values). The measures that are mentioned below are used by operators to reduce the 

frequency of occurrence and/or the impact of these events. 

 

14.4.6.1 Generic measures for other than normal operations 
 

The operating conditions described in the previous chapter (14.2.3) occur in LVOC 

installations. The measures that are taken to minimise their occurrence and their impact can be 

found in the LVOC BREF generic chapter. 

 

14.4.6.2 Specific measures for other operating conditions 
 

Certain events (other than normal operating conditions) that occur in SMPO plants have specific 

measures to reduce the frequency of occurrence and impact on the environment. These specific 

measures are described below. 

 
14.4.6.2.1 Technique to reduce neutralisation decanter malfunction 

 

Description 

Group of managerial, design and operations criteria and decisions to minimise the malfunction 

of this key apparatus. 

 

Technical description 

Adequate interphase level instruments to have a precise and trustworthy phase level 

measurement that allows a correct control in the decanters. And appropriate design of internals 

in decanters (feed entry, baffles, compartments volume, etc.), taking into account fluid 

velocities and residence. 
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Achieved environmental benefits 

Less organic load in waste water stream. Less water present in organic phase downstream 

neutralising and washing section. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Feed stream composition must be stable and well-known in order to properly specify and design 

an interphase level measurement device. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 
14.4.6.2.2 Techniques to reduce malfunction of end-of-pipe technique 

 

Description 

A group of managerial, design and operations criteria and decisions to minimise the malfunction 

of this key apparatus. 

 

Technical description 

 

Achieved environmental benefits 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Generally applicable. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 
14.4.6.2.3 Techniques to reduce emissions at hydrogenation start-up 

 

Some installations send the reaction downstream to atmosphere during start-up. 

 

Description 

To channel the reactor downstream, pipe to a vent abatement device (rather than atmosphere or 

flare). 

 

Technical description 

Heat recovery will be achieved if this stream is sent to the fuel header. 
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Achieved environmental benefits 

Reduction of VOC emissions to air. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Generally applicable. 

 

Economics 

Opportunities for minor fuel savings. 

 

Driving force for implementation 

Lower environmental impact. 

 

Example plants 

 

Reference literature 

 
14.4.6.2.4 Techniques to reduce emissions from oxidation adsorber flaws 

 

Description 

Group of managerial and design decisions to lengthen abatement systems' uptime. 

 

Technical description 

Cooling systems' (pumps, towers or the like) redundancy to ensure condensers' operation. More 

alarms on these key systems are installed. 

 

Achieved environmental benefits 

Reduction of VOC emissions to air during other than normal events. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Generally applicable. 

 

Economics 

 

Driving force for implementation 

Lower environmental impact. 

 

Example plants 

 

Reference literature 
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14.5 Emerging techniques 
 

[Note to TWG: the EIPPCB has developed some contents for the emerging techniques sections 

of the BREF. Neither the data collection questionnaires nor TWG members' spontaneous 

comments have provided sufficient information for the current BREF review on this topic. 

Therefore, TWG members are invited to complete the information collected by the EIPPCB: 

 The contents are presented in a tabular format in accordance with the BREF guidelines 

((2012/119/EU) 

 In some cases the technique has been identified as emerging but there is a lack of 

information to complete the fields to describe it] 

 

14.5.1 Cumene hydroperoxide route to PO 
 

Description 

Propylene oxidation: Cumene hydroperoxide-based 

 

Commercially developed 

Sumitomo Chemical has developed a PO-only production method using cumene hydroperoxide 

(CMHP). Cumene is oxidised in air to obtain cumene hydroperoxide. Cumylalcohol (CMA) and 

PO are obtained from CMHP and propylene in the presence of a high activity Ti epoxidation 

catalyst. CMA is hydrogenated to obtain cumene, which is recycled in the process.  

 

Level of environmental protection 

 

Cost savings compared to existing BAT 

 

Chance of becoming BAT in the future 

 

When it might become commercially available 

The direct oxidation route has been started by HPPO BASF in Antwerp (2009). Worldwide this 

technique accounts for 4.9 % of total production. 

 

Patents may protect/prevent access to this process 

 

References 

 

14.5.2 Hydrogen peroxide-based propylene oxidation 
 

Description 

Hydrogen peroxide-based propylene oxidation 

 

Commercially developed 

BASF-Dow plant in Antwerp (300 kt/y), Geismar (US) and Thailand (390 kt/y) 

Degussa-Uhde 

 

Level of environmental protection 

Lower feedstock 

Less by-products 

 

The co-product water can be subjected to normal treatment. No chlorine is used in the process, 

so the production of chlorinated by-products is avoided. 

 

Environmental benefits: reducing waste water by 70–80 %, compared with existing PO 

technologies; reducing energy usage by 35 %, compared with existing PO technologies; 

reducing infrastructure and physical footprint with simpler raw material integration and 

avoidance of co-products. 
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 Propylene surplus off-gas stream is recycled to the main reactor after removal of 

oxygen traces for safety reasons. 

 Hydrogen peroxide is completely converted and the propylene conversion in the process 

is nearly quantitative. 

 The crude PO product from each reaction step is purified by distillation. 

 The methanol is recycled. 

 The final water stream is tested for traces of glycols and methoxipropanols prior to 

being discharged to the waste water treatment unit. 

 

However, there is extra energy lost in these processes, in the form of hydrogen being converted 

to water. 

 

Cost savings compared to existing BAT 

Lower capital investments 

 

Chance of becoming BAT in the future 

 

When it might become commercially available 

 

References 
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15 HYDROGEN PEROXIDE  
 

 

15.1 General information 
 

[Request to TWG: please check the production capacity information and the detailed list of 

production sites set out in Table 15.1 and provide updates and corrections where appropriate.] 

 

Hydrogen peroxide (H2O2) is widely used in many industrial areas, particularly in the chemical 

industry and environmental protection. The only degradation product from its use is water, and 

thus it has played a large role in environmentally friendly methods in the chemical industry.  

 

In Europe, 43 % of hydrogen peroxide is used in chemical synthesis. Sodium perborate, used in 

detergents, is the largest single outlet for hydrogen peroxide in Western Europe. Hydrogen 

peroxide is also used to manufacture sodium percarbonate and other bleaching compounds. 

Other important products produced in western Europe that use hydrogen peroxide include 

propylene oxide, epoxidised oils (speciality plasticisers), catechol/hydroquinone (photographic 

industry, polymerisation inhibitors, antioxidants, chemical intermediates), hydrazine, organic 

and inorganic peroxides, peracetic acid and caprolactone. Hydrogen peroxide is also widely 

used in the manufacture of pharmaceutical compounds. 

 

The next most significant application in Europe is paper bleaching; 41 % of hydrogen peroxide 

is used in this way. It is used for the bleaching of chemical pulp, mechanical pulp and for the 

de-inking of recycled paper. This latter use in particular is consuming increasing volumes of 

hydrogen peroxide. 

 

With 8 % of hydrogen peroxide being used in the textile industry, it is currently the dominant 

bleach in the industry, although the market for all textile bleaching agents in western Europe is 

stagnant to declining. 

 

Other uses of H2O2 include the treatment of industrial effluent and of municipal water. It is also 

used for disinfection, hair bleaching, cosmetics, food processing, aseptic packaging, rocket fuel, 

wood bleaching and cleaning of etched microchips, etc. 

 

Although hydrogen peroxide is not an organic chemical, it is included in this BREF because it is 

produced using predominantly organic substances. It is produced on an industrial scale by the 

alkylanthraquinone oxidation (AO) process. This process involves the sequential hydrogenation 

and oxidation of an alkylanthraquinone precursor dissolved in a mixture of organic solvents 

followed by liquid–liquid extraction to recover H2O2.  

 

In 2010, the production capacity of hydrogen peroxide in Europe was 1.4 million tonnes, which 

was 35 % of global capacity. European production of phenol is summarised in Table 15.1 

below. 
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Table 15.1: European producers of hydrogen peroxide 

Country City Operator Capacity 

(kt/year) 

Austria Weissenstein Evonik 50 

Belgium Zandvliet (Antwerp) Solvay 230 

Belgium Jemeppe sur-Sambre Solvay 70 

Belgium Antwerp Evonik 110 

Finland Oulu Kemira 75 

Finland Voikkaa Solvay 65 

France Jarrie Arkema 115 

Germany Bernburg Solvay 70 

Germany Rheinfelden Evonik 50 

Germany Leuna Arkema 40 

Italy Rosignano Solvay 35 

Netherlands Delfzijl FMC 60 

Netherlands Europoort Kemira 40 

Norway Rjukan Eka Chemicals  21 

Poland Pulawy Zaklady Azotowe Pulawy 10 

Portugal Povoa de Santa Iria Solvay 10 

Slovenia Ljubljana Belinka Perkemija 18 

Spain Sabinanigo ERCROS 12 

Spain La Zaida FMC 52 

Sweden Helsingborg Kemira 60 

Sweden Alby Eka Chemicals 100 

Sweden Bohus Eka Chemicals 70 

UK Warrington Solvay 50 

 

[Request to TWG: Please provide a short summary of the key economic uses and market trends 

for this subsector] 

 

Key Environmental Issues 

 

The key environmental issues for the production of hydrogen peroxide are: 

 

The AO process' main environmental emissions to air are generated in the oxidation, working 

solution drying and hydrogenation sections. These emissions are VOC (solvents such as 

alkylated benzene) and particle mater. There are several effluents to water from different 

process sections with low technical treatment difficulties. Residues and waste are generated in 

auxiliary systems like the working solution reversion and catalyst regeneration. The nature of 

these effluents and the quantities of waste largely depend of process design options (such as WS 

regeneration option). The bulk of the working solution is recycled, but the process generates a 

waste stream of quinone-derived by-products that requires environmentally acceptable disposal. 

 

The AO process is a multistep method that requires significant energy input and generates 

waste, which has a negative effect on its sustainability and production costs. The transportation, 

storage, and handling of bulk H2O2 is hazardous and costly. Novel, cleaner methods for the 

production of H2O2 are being explored. 
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15.2 Applied processes and techniques 
 

15.2.1 Process options 
 

Industrial production of hydrogen peroxide has moved from wet chemical processes, through 

electrochemical processes, to organic autoxidation processes. Today, all hydrogen peroxide is 

produced by the alkylanthraquinone process (the so called autoxidation or AO process). Various 

processes for the direct combination of H2 and O2 have been patented but, up to now, none have 

been implemented on an industrial scale. Other processes are under development, but none seem 

near to industrial use. 

 

In the past, there were two processes to manufacture hydrogen peroxide. 

 

1. Wet chemical processes: Thenard obtained H2O2 by treating barium peroxide with nitric 

acid. Industrial plants using this process ran until 1950.  

2. Electrochemical processes: Meidinger discovered the formation of hydrogen peroxide 

during electrolysis of aqueous sulphuric acid. Teichner developed an electrolytic 

process at the Konsortium fur Elektrochemische Industrie (1908). After the introduction 

of these processes, production increased steadily and, in 1950, reached approximately 

30–35 kt/yr. 

 

The current processes to manufacture hydrogen peroxide are given below. 

 

3. Organic autoxidation processes: large-scale plants came with the organic autoxidation 

processes, especially the AQ one. Manchot discovered that hydroquinones react 

quantitatively with oxygen to form quinones and hydrogen peroxide. There were two 

major technical drawbacks: hydrogenation of azobenzene was performed with sodium 

amalgam, and oxidation of hydrazobenzene proceeded satisfactorily only in alkaline 

solution. Pfleiderer and Riedel solved this problem by using alkylanthraquinones 

instead of azobenzene. BASF developed the Riedel–Pfleiderer process 

(alkylanthraquinone or AO process) in a pilot plant. In 2002, the global production 

capacity excluding China was estimated to be 2 800 kt/yr (calculated as 100 % H2O2). 

Another organic autoxidation process, the 2-propanol process, used by Shell in Norco 

(United States), made only a limited contribution to the increase of H2O2 production 

with an annual production capacity of about 15 000 tonnes.  

4. Oxidation of alcohol: IPA oxidation in Russia reached industrial levels (Shell 1957–90). 

Acetone co-products are hydrogenated back to IPA. Methylbenzyl alcohol oxidation in 

the ARCO (Lyondell). Co-product is recycled in the same manner. 

 

There is an emerging technique that still needs further development. 

 

5. Direct synthesis: various patents on direct synthesis exist but, up to now, this process 

has not been implemented on an industrial scale. 

 

There are developments in the use of methanol solvent on noble metal catalyst. Headwaters 

Technology Innovation (HTI) has produced a catalyst technology that enables the synthesis of 

H2O2 directly from hydrogen and oxygen. This is based on a palladium-platinum catalyst that 

eliminates all the hazardous reaction conditions and chemicals of the existing process, along 

with its undesirable by-products. It produces H2O2 more efficiently, cutting both energy use and 

costs. In partnership with Degussa AG, HTI completed the construction of a demonstration unit. 

 

The new trend in hydrogen peroxide is large scale plants that generate savings in capital and 

operating costs. 

 

 As an example: hydrogen peroxide to propylene oxide plants (HPPO of BASF and 

Dow) both in Europe and Asia are proving synergies and economy of scale.  
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 Alkylanthraquinone. The licensor claims the environmental benefits of HPPO 

technology versus the epoxidation route of PO manufacture are: 70 % less waste water, 

35 % less energy consumption, 25 % lower capital expenditures. 

 

This document covers solely H2O2 production and it will not cover downstream derivatives. 

 

15.2.2 The autoxidation process 
 

15.2.2.1 Autoxidation chemistry 
 

The predominant industrial method for manufacturing hydrogen peroxide is the autoxidation 

(AO) of alkylanthraquinone.  

 

An alkylanthraquinone derivative is hydrogenated to the corresponding anthrahydroquinone 

(AHQ) using a palladium catalyst. H2O2 is formed when the AHQ solution is oxidised back to 

AQ by bubbling air or oxygen through the solution. Crude H2O2 is then extracted with water 

from the organic solution, which is then returned to the first hydrogenation step resulting in a 

cyclic process. The extracted crude aqueous solution contains 20–50 % H2O2 and is then 

normally purified by extraction with an organic solvent. Finally, the aqueous solution is 

concentrated to give 50–70 % H2O2 solutions.  

 

The choice of quinone depends mainly on its properties, especially the solubility of the products 

formed in the AO process. Examples of commonly used quinone compounds are: 2-

ethylanthraquinone, 2-tert-butylanthraquinone, 2-neopentylanthraquinone, 2-

isohexenylanthraquinone, diethylanthraquinones, mixtures of 2-amylanthraquinones, and 

mixtures of different alkylanthraquinones. The quinone or quinone mixture that is used as the 

working compound in the working solution must fulfil some essential criteria such as: 

 

 good solubility of the quinone form to prevent precipitation in the oxidised working 

solution; 

 good solubility of the hydroquinone form to maximise the capacity of the working 

solution; the productivity of the working solution is defined as the quantity of hydrogen 

peroxide that can be produced per m
3
 of recycled working solution; 

 ability of hydrogenation and oxidation degradation products to be regenerated to active 

quinones; 

 availability and price. 

 

Although several quinone compounds for the production of hydrogen peroxide are described in 

the literature, the ones that are mainly used are 2-ethylanthraquinone, 2-tert-butylanthraquinone 

and 2-amylanthraquinone, a mixture of 2-tert-amyl- and 2-iso, sec-amylanthraquinone, or 

mixtures thereof. 

 

The formation of degradation products and their ability to be regenerated to active quinones also 

play a role in the choice of quinone. In addition to hydroquinone formation, a number of 

secondary reactions occur during the hydrogenation step; 2-alkyl-5,6,7,8-tetrahydro-9,10-

dihydroxyanthracene is formed, which is also oxidised by oxygen to regenerate the 2-alkyl-

5,6,7,8-tetrahydroanthraquinone (known as ʻtetraʼ), with simultaneous quantitative formation of 

hydrogen peroxide. Although ʻtetraʼ is more readily hydrogenated than a 2-alkylanthraquinone, 

the resulting ʻtetraʼ hydroquinone is much more difficult to oxidise.  

   

The formation of ʻtetraʼ in the synthesis loop depends on the process conditions and has led to 

two methods for carrying out this process.  

 

a)  The ʻanthraʼ system  

 

When the ʻtetraʼ content of the working solution is kept low (i.e. if 2-alkylanthrahydroquinone 

is formed almost exclusively during hydrogenation), the process is referred to as the ʻanthraʼ 
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system. ʻTetraʼ formation is suppressed by using different techniques, including selective 

catalysts, special solvents, special working compounds, and mild hydrogenation conditions (e.g. 

the use of olefins has been recommended for the steady dehydrogenation of ʻtetraʼ). 

 

Specific drawbacks of this route: when the ʻanthraʼ system is used, tautomeric 2-alkyl-10-

hydroxy-9-anthrone (oxanthrone) is also formed during hydrogenation and the subsequent 

oxidative dimerisation of anthrone may lead to dianthrones, which represent a loss of quinone.  

 

Specific Techniques of this route: the build-up of anthrones and oxanthrones can be minimised 

by adding an aromatic tertiary amine to the working solution or by pretreatment of the 

hydrogenation catalyst with halide. 

 

b) ʻAll-tetraʼ system 

 

If ʻtetraʼ formation is not suppressed during hydrogenation or ʻtetraʼ is not dehydrogenated, an 

equilibrium is reached in which the HQ charged to the oxidiser consists solely of 2-alkyl-

5,6,7,8-tetrahydroanthrahydroquinone. Such a system is called an ʻall-tetraʼ system. This means 

that the hydroquinone leaving the hydrogenation step is always the ʻtetraʼ hydroquinone. 

 

Specific drawbacks of this route: dianthrone formation does not occur in the ʻall-tetraʼ system, 

but oxidation of ʻtetraʼ hydroquinone leads to a by-product, the ʻepoxideʼ. The epoxide does not 

participate in the formation of hydrogen peroxide and must be reconverted to tetra in the 

reversion sector. 

 

Different measures have been suggested for regenerating ʻtetraʼ from the epoxide. 

 

15.2.2.2 The autoxidation process steps 
 

The autoxidation installations require several units. 

  

a) Hydrogenation 

 

The working solution (WS) is usually hydrogenated in the presence of a palladium catalyst. The 

hydrogenator is operated at a slightly elevated pressure and at a temperature below 100 ºC. The 

heat of reaction released can be removed before, during or after hydrogenation. To minimise by-

product formation, conversion of anthraquinone is normally kept below 60 % of the total 

quinone.  

 

The palladium catalyst can be used as palladium black or supported on a carrier for slurry or 

fixed bed operation. If a suspended or supported catalyst is used the hydrogenation step includes 

a primary filtration stage, which retains the catalyst and allows it to be returned to the 

hydrogenator by periodical back-flushing. The design of the hydrogenator depends on the type 

of catalyst used. Palladium black is preferentially used in loop reactors made of tubes. 

Maintaining constant catalyst productivity is easy by withdrawing used catalyst and adding 

fresh catalyst; catalyst regeneration can be done on site. Supported catalysts have a particle size 

of 0.05–0.2 mm; these large particles are much more easily filtered than the fine palladium 

black. To keep the catalyst fluidised, the reactor is either mechanically or gas agitated. In case 

of gas agitation, excess hydrogen is sparged at the bottom, and non-reacted hydrogen at the top 

of the reactor is recycled. 

 

Fixed bed catalysts, with a particle size of 0.5–10 mm, reduce the problem of catalyst filtration. 

Instead of particles, honeycomb monoliths can be used as support. The monoliths contain 

parallel channels with an open diameter of 1–2 mm. For optimum performance, plug flow is 

established through the catalyst bed. 

 

b) Oxidation 
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Before the hydrogenated working solution can be fed to the oxidation step, it must pass through 

a safety filtration step. This is important to prevent any palladium entering the oxidiser and 

extractor, which would result in the decomposition of hydrogen peroxide. 

 

Catalyst-free hydrogenated working solution is usually oxidised with slightly pressurised air, 

which is sometimes enriched with oxygen. The reaction is not catalysed (autoxidation) and the 

overall rate depends on temperature, oxygen partial pressure and liquid/gas interfacial area.  

 

Several types of oxidisers are currently used: working solution and air may flow either 

concurrent or counter-current in a single- or multiple-column system with or without internals.  

 

c) Extraction and crude purification 

 

Hydrogen peroxide is recovered from the oxidised working solution by water extraction. The 

most common extraction technique is a sieve-tray extraction column, but a number of other 

extractors such as packed columns, pulsed packed columns, spray columns and mechanical 

extractors have been described.  

 

The working solution leaving the extraction unit contains dispersed water droplets and is fed 

into coalescers to separate the free water. Before the working solution is recycled to the 

hydrogenator, the moisture content in the solution may be adjusted in a dryer. The extractor is 

operated at a relatively low temperature. The extracted working solution is heat exchanged with 

hydrogenated working solution; this also helps to lower the free moisture content.  

 

The crude aqueous hydrogen peroxide from the extractor has a H2O2 concentration of 20–50 % 

by weight. The amount of dissolved organic impurities can be lowered by washing with solvents 

(e.g. the quinone solvent) and/or treatment with adsorber resins. Inorganic impurities can be 

removed with ion exchange resins or reverse osmosis. The resulting purified crude product is 

stored in the crude product storage tank. 

 

d) Reversion 

 

During the cyclic reduction and oxidation of the working solution, degradation products that 

may deteriorate the crude hydrogen peroxide quality or negatively affect the working solution 

characteristics such as solubility of active quinone, density, viscosity and interfacial tension are 

formed from both the quinone and the solvents. In addition, these degradation products also 

decrease the activity and lifetime of the hydrogenation catalyst.  

 

Two different processes are used to remove or regenerate these degradation products into active 

quinone. Treatment is done with either hydrogenated or oxidised working solution or a mixture 

of both. 

 

 Treatment with an aqueous caustic solution. 

 Solids (sodium aluminium silicates or activated alumina).  

 

Sodium aluminium silicate and activated alumina lose their activity while regenerating the 

degraded working solution and therefore have to be replaced from time to time. Solvents 

adsorbed on the solids are recovered with steam. The steam condensate is discarded as liquid 

effluent. 

 

e) Distillation 

 

As an option, the purified crude product can be further concentrated by vacuum distillation to 

commercial-grade up to 70 % by weight. The final product is stabilised and stored. Water 

vapour, produced during concentration, is condensed and can be recycled into the water storage 

tank. 
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15.2.3 Other than normal operating conditions 
 

15.2.3.1 Specific other than normal operating conditions 
 

The following operations deviate from the stable and normal operating procedures: 

 

 malfunction or failure of spent air oxidiser post condensers; 

 charcoal absorbers exhaustion: this normally occurs every 3-5 years;  

 absorbers start of run; 

 adsorber malfunctions; 

 hydrogenation start-up: the frequency of this event ranges from 1 to 20 times per year; 

 charcoal decanter malfunction; 

 fouling downstream; 

 event where hydrogenation catalyst enters oxidation section and H2O2 is decomposed; 

direct consequences are yield loss and serious disturbances (safety filtration). 

 

The operations listed below are addressed in this document as normal operating conditions: 

  

 catalyst regeneration; 

 washing of solid regeneration agent: the frequency of this event ranges from 26 to 355 

days per year. 

 

15.2.3.2 Generic other than normal operating conditions 
 

The following operations deviate from standard operating procedures in H2O2 plants. 

 

 Routine start-up: the frequency on this event ranges from 1 to 13 days per year. 

 Shutdown for maintenance preparation: equipment flushing, higher load to WWT, 

potential emission to surface water (rainwater) header. The frequency of this event 

ranges from 1 to 10 days per year. 

 Low plant rate due to force majeure: e.g. interruption in final product consumption or 

raw material supply.  

 Hydrogen or oxygen supply issues. The frequency of this event ranges from 1 to 7 times 

per year. 

 

See the Generic Chapter in the LVOC BREF 

 

15.2.4 Equipment important for environmental protection 
 

The following systems perform important operations for environmental protection and should 

have the longest uptime possible: 

 

 charcoal adsorber outlet periodic sampling; 

 chilled water temperature control (oxidiser condensers); 

 charcoal adsorber regeneration programme; 

 active carbon towers; 

 TOC analysis in water effluents; 

 water pretreatment performance; 

 Working solution reversion operation efficiency. 
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15.3 Current emission and consumption levels 
 

The AO process' main environmental emissions to air are generated in the oxidation, working 

solution drying and hydrogenation sections. These emissions are VOCs (solvents such as 

alkylated benzene) and dust. There are several effluents to water from different process sections, 

with low technical treatment difficulties. Residues and waste are generated in auxiliary systems 

like the working solution reversion and catalyst regeneration. The nature of these effluents and 

the quantities of waste largely depend on process design options (such as a WS regeneration 

option). The bulk of the working solution is recycled but the process generates a waste stream of 

quinone-derived by-products that requires environmentally acceptable disposal. 

 

The autoxidation process for the production of hydrogen peroxide involves several steps. The 

block flow diagram in Figure 15.1 shows the main emissions from this industrial chemical 

process. 

 

 

Figure 15.1: Block flow diagram of a hydrogen peroxide manufacturing process 

 

15.3.1 Emissions to air 
 

Table 15.2 gives an overview of the specific emissions to air from a manufacturing plant. 

 
Table 15.2: Emissions to air overview 

Pollutant EPD (
1
) (g/kg) Ecoprofile(

2
) (mg/kg) 

CO2 523000 39000 

NOX 760 210 

SO2 360 400 

Dust 170 120 

HC 300 150 

Aromatic HC  150 

CO 130 37 

CH4 410  

Hydrogen  340 

(
1
) AkzoNobel's certified environmental product declaration: Overall LCA emission 

(
2
) Cefic Ecoprofile data sheet: Manufacturing process emissions 
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15.3.1.1 Emissions to air from the oxidation section 
 

Oxidation with air proceeds at 40–70 °C and pressures ranging from atmospheric up to 10 bar. 

The reactions are conducted in a mixture of solvents, so the off-gases from the oxidation 

reaction will contain one or more of these solvents. However, the load on the abatement system 

is limited by the moderate reaction temperatures.  

 

Process-integrated techniques: after oxidation, the spent air and working solution are separated. 

The air will be saturated with solvent and water; it usually goes through condenser(s) where part 

of the solvents and water are condensed and recycled to the process. The air is purified with 

activated carbon, which is periodically regenerated, normally with steam, to recover the solvent. 

Any steam condensing in the activated carbon beds is drained and is normally an aqueous 

effluent. Upstream of the condenser, a demister can be used to reduce liquid entrainment and 

occasionally a chilled water condenser is used. 

 

Composition of spent air: as well as nitrogen and excess oxygen, the spent air stream will 

contain VOCs; these can be solvents or working compounds. Methane and/or benzene may also 

be present. 

 

a) Solvents: the solvent is always a mixture because alkylanthraquinones dissolve readily 

in non-polar aromatic solvents, such as alkylated benzenes, whereas hydroquinones 

dissolve well in polar solvents, such as alcohols and esters. A variety of different 

solvent mixtures are used. Solvent mixtures are required to satisfy a number of criteria; 

namely good solubility of both quinone and hydroquinone, good resistance to both 

hydrogenation and oxidation, low solubility in water and aqueous hydrogen peroxide 

solutions, lower density than water to ensure separation of the two phases during 

extraction, low volatility, and high distribution coefficient for hydrogen peroxide in 

water relative to the solvent water system and low toxicity. 

b) Working compounds: quinones have very low vapour pressure and so are therefore not 

relevant for air emissions.  

c) Methane can sometimes be present in the hydrogen source. It dissolves in the working 

solution and is stripped out by the process air in oxidation. 

 

Amount: potentially significant VOC emissions. VOC concentrations in the off-gas from the 

solvent recovery require monitoring and control within the range 1–10 ppm v/v.  

Some public reported values of licence capabilities are:  

1–50 mg /Nm
3
 (Chematur engineering group); 

20 mgC/Nm
3
 in Spanish permits; 

Questionnaire data from TWG: 1–40 mgC/Nm3. 

 

Averaging periods: if any carbon adsorption plant's operating regime results in a ʻsawtoothedʼ 

emission profile, the averaging period should be chosen to accommodate this. Different plants 

may have different emission profiles due to their different regeneration cycles. 

 

Analytical method: normal FID often meeting standard UNE-EN-13526. More than half of the 

installations that reported data had a continuous measurement system. 

 

15.3.1.2 Emissions to air from the hydrogenation section 
 

Process design: this process vent (for degassing or pressure control/release) is rarely channelled 

to a vent header or abatement device; only some installations would use the shared charcoal 

adsorber. Most of the installations currently send to atmosphere (seldom with water locks) a 

stream whose flow depends on the plant throughput, but can have: 

 

 2–70 Nm
3
/h for those that recycle the excess hydrogen; 

 30–300 Nm
3
/h for those operators that do not recycle H2 to feed. 
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VOCs: the reactions are conducted in a mixture of solvents, so the off-gases from the 

hydrogenation reactions will contain one or more of these solvents. The reaction is carried out at 

about 40–70 °C and at pressures of up to 5 bar.  

 

Composition: the compounds that could be released are similar to those mentioned in oxidation. 

Methane and dust (fine particles of hydrogenation catalyst) may be present in the H2 vent 

stream. Methane emissions depend on the hydrogen source. 

Data from questionnaires of 2012 BREF review: 

VOCs may range from 50 mg C/Nm
3
 to 5 000 mg C/Nm

3
. 

Dust is seldom measured. 

 

Monitoring: following E-PRTR standards, methane and non-methane VOCs should be reported 

separately. Methane may be present in this process release to atmosphere if hydrogen is 

delivered as an off-gas from another process (trade-off between resource/energy and methane 

emissions). Installations use either GC or FID. 

 

15.3.1.3 Emissions to air from extraction units 
 

The extractor is operated at a relatively low temperature and has a small breathing connection to 

the atmosphere. 

 

Process-integrated techniques: this may be channelled to collective treatment devices, e.g. the 

activated carbon adsorption unit. 

 

Composition: the emissions are likely to be solvent vapours of relatively high concentrations. 

Nevertheless, the volume is very low (breathing level) except on very large plants where the 

breathing emissions from extraction can be significant. VOC content can be around 250 

mgC/Nm
3
 

 

Amount: this stream is seldom measured. Data from questionnaires (2012) show values of: 

 

 flow: 1–75 Nm
3
/h;  

 specific emission values of 0.5 to 10 g/t of product. 

 

15.3.1.4 Emissions to air from the purification and concentration sections 
 

The purification section removes dissolved organics from the crude hydrogen peroxide. 

Concentration then increases the aqueous H2O2 concentration prior to storage and distribution 

(from 20–50 % to 50–70 %). These downstream sections involve multiple operations, some of 

which are conducted under vacuum in order to reduce temperature and minimise product 

decomposition.  

 

Process-integrated techniques: condensers and decanters are included in vacuum systems but all 

of them will have a net vent stream. 

 

15.3.1.5 Emissions of VOCs to air from auxiliary systems 
 

There are, at least, three auxiliary systems that may generate emissions to air. The emission rate 

from these sources is generally low (upper value on the BREF questionnaire of 0.03 kg of VOC 

per tonne of product). They are described here.  

 

1. WS drying: there are various options for drying the working solution. 

a)  The working solution leaving the extraction unit contains dispersed water 

droplets and is led into coalescers to separate free water. Before the working 

solution is recycled to the hydrogenator, the moisture content in the solution 

may be adjusted in a dryer.  
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b)  A vacuum is used to eliminate water. This will generate a stream with VOCs 

(solvents, etc.) 

c)  The drying tower (not used in Europe) performs a counter current wash 

(scrubber) with K2CO3 on the crude working solution from the extraction tower. 

 

2. Working solution regeneration: there also design options here. 

a)  With the use of solids (soda or alumina). This regeneration will generate VOC 

and dust emissions to air when reloading an adsorber. 

b)  Alkaline solution. This will also generate VOC emissions to air (can be 

channelled to abatement system). 

 

3. Catalyst regeneration. 

a)  Calciners are no longer in use across the EU. A calciner is used to regenerate 

spent catalyst on a periodic basis. The catalyst is removed from the regenerators 

and then washed and roasted to remove other organics. This generates 

emissions to air of dust and VOCs. 

b)  Dissolving and then precipitation.  

Questionnaires (2012) reveal the use of this technique. Operators report 

emissions to air of VOCs (polar solvents such as acetone) and HCl. HCl 

emission rate reported as g/t product with spot samples. 

 

15.3.1.6 VOC emissions to air from fugitive emissions 
 

Although the process might be operated at low pressure, the possibility of fugitive emissions to 

air will still remain, and this will depend upon plant age, operation pressure, nature of the 

solvents, maintenance attention, etc., and they could still be high relative to point source 

emissions. Small leaks may also occur. The reaction steps need to be operated under pressure. 

Fugitive emissions (and particularly of solvents) are therefore possible. Leaks may be detected 

visually as solvent evaporation may leave WS crystals. 

 

Hydrogen peroxide has a significant vapour pressure (1.2 kPa at 50 ºC) and exposure to the 

vapour is potentially hazardous. Hydrogen peroxide vapour is a primary irritant, mostly 

affecting the eyes and respiratory system and the NIOSH Immediately dangerous to life and 

health limit (IDLH) is only 75 ppm. Long-term exposure to low ppm concentrations is also 

hazardous and can result in permanent lung damage and Occupational Safety and Health 

Administration (OSHA) has established a permissible exposure limit of 1.0 ppm calculated as 

an eight-hour time-weighted average. Hydrogen peroxide has also been classified by the 

American Conference of Governmental Industrial Hygienists (ACGIH) as a ʻknown animal 

carcinogen, with unknown relevance on humans. Suitable personal protective equipment should 

be worn and it is prudent in situations where the vapour is likely to be generated, such as 

hydrogen peroxide gas or vapour sterilisation, to ensure that there is adequate ventilation and 

the vapour concentration monitored with a continuous gas monitor for hydrogen peroxide.'  

 

CEFIC reports on occupational exposure measurements during 1985–1995 (from other JRC 

references). When summarising the exposure at different assignments, the personal eight-hour 

TWA exposures ranged from 0.24 mg/m
3
 to 0.79 mg/m

3
, the overall mean being 0.37 ± 0.05 

(sem) concerning four different jobs. 

 

See the CWW BREF on fugitive emissions. 

 

15.3.1.7 VOC emissions to air from storage 
 

Tanks and other storage assets are used for raw materials and solvents. Working solution 

storage; hydrogenation feed tank, working solution regeneration tank, working solution 

metering tank, solvent storage tank, etc. are typically atmospheric storage tanks. These tanks 

can be geographically far apart in the plant layout in order to share abatement techniques with 

the main process streams. Tank vent gases are, in some cases, partially recovered by 
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condensation (chilled water). Other processes use storage tanks blanketed with nitrogen where 

vent gases are sent to the atmosphere or to an absorption column to remove hydrocarbons. See 

EFS BREF. 

 

Composition: raw materials, products and co-products. 

 

Emissions are not monitored but may occasionally be assessed by calculation and reported as kg 

emitted per tonne of hydrogen peroxide or kg emitted per year. 

 

15.3.1.8 Emissions to air from combustion processes 
 

Steam boilers or hot oil furnaces that supply heating fluid utilities can be dedicated to hydrogen 

peroxide plants or shared with other nearby installations. These emissions may also include the 

combustion of non-conventional (non-commercial) fuel such as the tar stream generated in 

fractionation section. See the LCP BREF. 

 

Composition: SOX, NOX, COX, dust, etc.  

 

Amount: refer to public data, such as from Ecoprofiles. 

 

Other than normal operations: dust emitted in shut blowing. 

 

15.3.2 Emissions to water 
 

The generation of waste water in a hydrogen peroxide manufacturing plant is described by 

source in this section. Most of the process effluents comprise an aqueous phase and an organic 

phase, which contains a number of different substances. The organic phase is separated and 

recycled to the process. However, low concentrations of soluble substances and some solids 

from the large variety of substances used remain in the small amount of the aqueous phase. 

Depending on their biodegradability, some of these substances are only adsorbed to the sludge 

in the WWTP. 

 

This document addresses the process-integrated techniques and pretreatments to reduce the 

workload of the shared treatment unit. The common effluent has the following characteristics 

upstream of the waste water treatment unit. 

 
Table 15.3: Effluent generated by hydrogen peroxide process (

1
) 

Parameter Unit average min max (mg/kg 

product) (
2
) 

flow (m
3
/t product) 1.09 0.11 2.8(

3
)  

Cl- (mg/l)  <1 323 4 000 

TSS (mg/l)  23 200 1 600 

TOC (mg/l) 295 1 1 000  

COD (mg/l) 1 630 215 2 717 2 800 

(
1
) Data from 23 plants collected in 2012 by Cefic for the BREF review 

(
2
) Data from Cefic Ecoprofile 

(
3
) One piece of data was outlier with data verification ongoing 

 

a) Washing step in WS alkaline reversion 

 

There are a number of alternative processes to treat the working solution to eliminate impurities 

both in the working compound and the solvent. Most of these processes include treatment with 

alkaline compounds followed by water wash. This generates the main process effluent. 

 

The wash liquor from reversion is saturated with solvents and solvent degradates (plus a very 

small amount of quinone and quinone derivatives) and about 0.4–1.52 kg of TOC/t (100 %) 

H2O2 appears in the aqueous effluent at the AO plant boundary. 
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b) Oxidation section adsorber regeneration  

 

Regeneration of charcoal generates some water effluent from the steam condensate, which will 

contain dissolved solvents. The design should ideally reduce the amount of solvent arriving to 

the charcoal absorbers by condensation and thus reduce the steam needed for regeneration and 

recovery.. When steam is first introduced to the loaded activated carbon at the beginning of the 

regeneration step, there is a limited amount of condensation of steam as the carbon warms up to 

steam temperature. This condensate runs out from drains at the bottom of the bed and is 

contaminated with carbon fines, and so cannot be returned to the process because of the 

potential disruption of the phase interfaces in extraction. There are several configuration 

possibilities. The most common one is two chambers in parallel that capture VOCs online and a 

third chamber off line that is being regenerated with steam (usually followed by a cooling step). 

The quantity of steam used is normally in the range of 4–6 kg/kg solvent adsorbed. All 

regeneration streams should go to a separator or decanter where water (from steam) is separated 

from organics (solvents, etc.) The solvent and the water are both normally recycled.  

 

c) Concentration section 

 

Concentrations of dilute solutions are used industrially to produce commercial 50–70 wt % 

hydrogen peroxide solutions. Water and hydrogen peroxide do not form an azeotrope; their 

boiling point difference at atmospheric pressure is 50.2 ºC. The separation and/or concentration 

of hydrogen peroxide generate a water distillate, but a concentration step is not implemented in 

every installation. This water is, in any case, normally recycled to the AO process. 

 

d) Catalyst regeneration section 

 

The hydrogenation step is catalysed by palladium, which slowly loses its activity and so is 

periodically regenerated. Regeneration and recycling steps are separate units, which in some 

cases may be linked to the production process but are often carried out by external companies. 

 

i. If regeneration is carried out on site, small volumes of effluent containing inorganic 

salts and complexing agents are generated. Losses of Pd in the product and aqueous 

effluent are of the order 20 mg/t H2O2. All hydrogenation set-ups, except fixed bed 

reactors, have a downstream catalyst filtration (capture) and can be linked to a 

regeneration step and recycle step.  

ii. If regeneration is done off site, no effluent needs to be addressed from this source in the 

plant.  

 

e) Other aqueous streams 

 

Vacuum systems: the purification and concentration of H2O2 might be achieved by multiple 

distillations that can be conducted under vacuum. The systems employed for generating the 

vacuum can comprise steam ejectors and/or liquid ring pumps, in which case an aqueous 

effluent may arise. The term organic phase is taken to mean solvents and by-products of the 

working solution together with AO.  

 

f) Water from extraction 

 

Working solution leaving the extraction unit contains dispersed water droplets and is led into 

coalescers to separate free water, which can end up as effluent.  

 

g) Solid reversion agent washing 

 

(Does not apply to alkaline reversion technique.) In WS regeneration, solid regeneration agent 

has to be changed periodically. Before removal, it has to be steamed and an aqueous effluent is 

generated. The effluent constitution is similar to those from other process steps. The effluent is 

treated in combination with the abovementioned effluents.  
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h) Normal cleaning of equipment and backwashes of filters 

 

Dust coming from the reaction section may arise to extraction and distillation and thus plug 

columns' internals (e.g. trays, etc.). 

Overall collective stream: the relevant parameters are: TOC, COD, Flow, pH, Cl2 and TSS.  

 

15.3.3 Raw material consumption 
 

The table below shows the overall raw material use of these plants. In this section, the usages of 

key feedstocks are discussed. 

 
Table 15.4: Usages of a hydrogen peroxide plant 

Raw Material kg/t H2O2 100 % 

Hydrogen 60–70 

Oxygen  100–1 300 

Quinone 0.5–2.5 (1) 

Solvents 2–5 

Reversion agent  4–20 

Sodium hydroxide  1.5–4 

Nitric acid  

Stabilisers  

Demineralised water 1–2 m
3
/t 

Cooling water, once-through  45–350 m
3
/t 

Evaporative cooling tower  3–15 m
3
/t 

(1) Data from questionnaire review (2013) reveals values in 0.7–1.6 range 

 

H2O2 decomposes by the presence of rust/debris in the tank farm. 

 

a) Solvents usage 

 

The alkylanthraquinone must be dissolved in a suitable solvent for the hydrogenation, oxidation 

and extraction reactions - this is usually referred to as the working solution. The solvent is 

usually a mixture because quinones dissolve readily in non-polar aromatic solvents, such as 

alkylated benzene and its derivatives, whereas hydroquinones dissolve well in polar solvents, 

such as alcohols and esters. A variety of different mixtures are in use but the aim is to satisfy a 

number of criteria, namely good solubility of both quinone and hydroquinone, good resistance 

to both hydrogenation and oxidation, low solubility in water and aqueous hydrogen peroxide 

solutions, sufficiently lower density than water to ensure separation of the two phases during 

extraction, low volatility, and high distribution coefficient for hydrogen peroxide in water 

relative to the solvent system and low toxicity. 

 

Alkylanthraquinone. Proposed solvents or solvent mixtures are quinone solvents: 

  

 benzene, xylene, 

 tert-butylbenzene, 

 Trimethylbenzene,  

 tetramethylbenzene (isodurene), 

 mixtures of polyalkylated benzenes, e.g. C9-C11 aromatic solvents,  

 Methylnaphthalene. 

 

Hydroquinone solvents: 

 

 alkyl phosphates, e.g. tris-(2-ethylhexyl)- phosphate;  

 nonyl alcohols, e.g. diisobutylcarbinol;  

 alkylcyclohexanol esters, e.g.2-methyl-cyclohexylacetate; 

 tetraalkyl ureas, e.g. tetra-n-butylurea;  

 cycloalkyl ureas, e.g. dihexyl propyleneurea octyl caprolactam. 
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Solvent mixtures: 

 polyalkylated benzenes and any of the hydroquinone solvents or mixtures of the 

hydroquinone solvents. 

 

The following criteria must be fulfilled when choosing solvents and preparing solvent mixtures: 

 

1. good solubility of both quinone and hydroquinone; 

2. good resistance to the hydrogenation and oxidation; 

3. low solubility in water and aqueous hydrogen peroxide solutions; 

4. sufficiently lower density than water to ensure separation of the two phases during 

extraction; 

5. low volatility, i.e. high boiling point and flashpoint; 

6. high distribution coefficient for hydrogen peroxide in water relative to the solvent 

system; 

7. low toxicity. 

 

There are other materials to be consumed in these plants: 

 

 solvents can also be used for final product purification; 

 stabilisers can also be used for final product storage. 

 

b) Hydrogenation catalyst 

 

The hydrogenation step is catalysed by palladium, which slowly loses its activity and so is 

regularly recycled to the catalyst manufacturer for regeneration. Losses of Pd in the product and 

aqueous effluent are of the order 20 mg/t H2O2. To maintain hydrogenation activity, part of the 

catalyst is removed, regenerated in the catalyst regeneration area, and returned to the 

hydrogenator. Every hydrogenation set-up, except for fixed bed reactor, has a downstream 

catalyst filtration (capture), regeneration step and recycle. Most of the catalyst losses are in the 

outlet stream towards the oxidation unit.  

 

Other than normal operating conditions: consider the oxidation feedstock's filter leak and the 

arrival of hydrogenation catalyst to the oxidation reactor, with the subsequent degradation of 

H2O2. 

 

15.3.4 Energy consumption 
 

Steam is required at low pressure to regenerate the active carbon of the oxidation off-gas solvent 

recovery system. This is to recover WS from the solid reversion agent for concentration of the 

product by vacuum distillation and sometimes to concentrate the spent liquid reversion agent.  

Electrical energy is required for driving the process air compressors, the hydrogenation gas 

recycle compressors, the working solution circulation pumps and numerous small drives. The 

total electrical energy consumption depends mainly on the pressure of oxidation, excess air and 

the productivity of the working solution. 

 

Energy and hydrogen costs represent three quarters of the variable cost of production. Net 

energy consumption may be reduced by innovative approaches to recovering heat from the 

process (both hydrogenation and oxidation reactions are exothermic), e.g. for heating of 

buildings, swimming pools. 

 

Specific direct energy consumption is currently in the range of 4.60–4.85 GJ/t 100 % H2O2 (for 

the manufacture of 50 % w/w product). Considerable energy savings, in specific terms, could be 

achieved at large scale plants, such as those constructed for the HPPO process. In the table 

below the differences in the plant design or arrangement lead to variable energy usage, the key 

factor being the use of energy recovery opportunities. 
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Table 15.5:  Energy data from BREF review questionnaires (2012) 

Energy (GJ/t product) Plant #1 Plant #2 Plant #3 

Fractionation 0.33 0.58 1.5 

Compressors 1.4 1.4 0.8–0.3 

Recovery from process 3.9 4.15 1.65 

Total (net) 2.9 3 5.7 

 

a) Energy consumed in fractionation operations 

 

Concentration of H2O2 to produce commercial 50–70 wt % by vacuum distillation is a 

significant consumer of energy. 

 

b) Energy usage on compressors 

 

The oxidation and hydrogenation reaction are carried out under pressure. The required rate of 

air/hydrogen supplied for the reactions could vary. In the autoxidation process the energy 

consumption accounts for a major portion of the operating costs, of which the air compression is 

the largest single consumer. When oxygen is used, the choice has been made on the basis of an 

economic comparison with air compression. The costs for using oxygen or operating at higher 

pressure are counterbalanced by the fact that the oxidation process system can be kept smaller. 

Therefore, the volume of working solution is also kept smaller. In the low pressure processes 

(< 1 barg) the gas is provided by comparatively cheap blowing machines. 

 

c) Energy recovered from process.  

 

The data collected from the BREF review questionnaires is shown in the table below. 

 
Table 15.6: Energy recovered in EU installations 

Energy recovery option EU status Order of magnitude 

(GJ/t product) 

Reactive distillation None  

Heat integration > 50 % of installations 0.15–1.6 

Vapour recompression < 50 % of installations 1.5–2.6 

Energy from distillation 

condensers 

None  

 

d)  Energy recovery in oxidation 

 

The oxidation of hydroanthraquinones is exothermic with a heat of reaction of 75–80 kJ/mol, or 

2.20–2.35 GJ/t H2O2.  

 

The possibilities for energy recovery from off-gas are larger when the pressure is higher. The 

technology offers few possibilities for energy recovery and demands large process vessels and 

pipes. A low pressure also means that more working solution is needed. By using a medium or 

high pressure process (1–10 barg) smaller equipment and less working solution can be used. On 

the other hand, the multistage turbo compressors that are needed demand larger investments. 

75–80 % of the increase in the operating costs of air compression for higher pressure oxidation 

can be recovered, at increased capital investment, by passing the off-gas from the oxidation 

reactor through a turbo-expander, which drives one of the compressor stages, or an independent 

electrical generator. The higher the pressure in the process the more important it is to recover 

the energy contained in the gas.  

 

e)  Energy recovery in distillation 

 

Both the feed concentration and the concentration of the final product are important for energy 

consumption in distillation. Crude peroxide, which will feed the distillation, normally has a 

concentration that can vary from 20 % to 50 % by weight of hydrogen peroxide. The crude 
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concentration depends on which type of solvents is used in the process and the peroxide 

concentration in the working solution.  

 

There are several heat recovery options to consider. 

 

 Heat exchange between feed and product: heat may be exchanged from product flow to 

feed flow in order to save energy in the distillation. Depending on concentrations, the 

savings can be up to 25 % (0.25 GJ/t for 45 % by weight feed and 50 % by weight 

product). 

 Vapour recompression: in order to reduce energy, it is possible to use the steam, which 

is evaporated and separated from the peroxide through the column, as a heating source 

for the evaporator. To be able to do so, it is necessary to increase the temperature and 

pressure of the steam by compression. In some large plants mechanical thermo-

compressors are used. They are normally electrically driven and the distillation does not 

need any external steam to heat the evaporator. The compressor recompresses low 

pressure steam from the distillation column and feeds it to the evaporator. At low feed 

concentration, a compressor can reduce the energy needed by up to 90 %. These 

machines are big because they have to operate under vacuum and require large 

investment, but they can be used where high steam prices allow large investments.  

 Energy recovery from condenser: a large amount of low energy heat is removed in the 

distillation condenser (if no thermo-compressor is used). Normally, the cooling water 

leaving the condenser is at temperatures below 40 °C but its enthalpy could be 

transferred, by means of a heat pump, to other processes where low temperature energy 

could be used. 

 

15.3.5 Water consumption 
 

The H2O2 production process has, at least, the following water consumption usages: 

 

 demineralised water used in the extraction of H2O2 from the working solution; 

 boiler feed water to generate steam that is then used in charcoal regeneration and 

concentration; 

 demineralised water usage ranges of 1–2 m
3
/t of hydrogen peroxide; 

 cooling water (evaporative) ranges of 3–15 m
3
/t of hydrogen peroxide. 

 

15.3.6 Co-products, by-products and waste generation 
 

Beside the hydrogen peroxide, other products are a consequence of the operation of this process. 

The BREF review data collection exercise has revealed the following values. 

 
Table 15.7: Other materials and products generated in hydrogen peroxide plants 

Material Throughput (kg/t product) 

Liquid residue (caustic tar) 0.78–2.4 

Spent reversion agent 7–10 (1) 

Spent catalyst Pending 

Spent adsorber 0.01–0.34 

Spent ion exchange resins 0.005–0.027 

(1) Outliers values also from 0.45 to 15.9 kg/t of product 

 

The regeneration of reversion agent generates a stream depending on the plant design. 

  

a)  Spent reversion agent  

 

When activated alumina is used in the working solution reversion process, the spent material 

may be supplied as raw material to cement manufacture to avoid waste disposal. In certain 

situations it may be practicable to thermally regenerate the alumina in an off-site facility serving 
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the oil-refining industry. In the case of the solid reversion process, this is spent dry solid agent 

(alumina or alumino-silicates) containing about 10 % w/w.  

 

b)  Liquid residue  

 

When alkali is used as an alternative reversion agent, the volume of the waste alkaline solution 

may be substantially reduced by multiple-effect vacuum evaporation-concentration. The waste 

is then much less expensive to transport and to incinerate. It is an aqueous waste containing 

about 5 % w/w carbon. 

 

c) Working compound 

 

The selectivity of the process is 99.99 % on anthraquinone (molar basis), which means that less 

than 1 kg of degraded quinone is rejected per tonne of H2O2 (100 % basis) manufactured. This 

degraded quinone is disposed of by off-site incineration. Quinone consumption directly 

influences the quantity of degraded quinone waste that must be disposed of by incineration.  

 

d) Spent hydrogenation catalyst 

 

Spent catalyst will need to be periodically wasted from the process. 

 

e) Oxidation spent air adsorbent  

 

There may be two sources of spent adsorbers: oxidation vent stream to air and solvent recovery. 

The use of a charcoal adsorbent to retain VOCs (solvent and/or working compounds) on the 

oxidation overhead stream is required. A common configuration would be two chambers 

operating and a third chamber off line regenerating. Shelf life may vary from 1 to 7 years. 

Average production rate will play an important role in adsorbent shelf life since the chambers 

are normally loaded with 100 % capacity rate design volume. 

 

See section 15.2.1: reducing the solvent load on the adsorption system will also reduce the spent 

catalyst.  

 

f) Ion exchange resins 

 

These require replacement at a frequency in excess of five years. Ion exchange resins can be 

used to purify hydrogen peroxide. Essentially, ion exchangers are organic polyelectrolytes 

(based on polystyrene or polyacrylate). 

 

g) Filter and coalescer cartridges 

 

Filter and coalescer cartridges are used in the production of hydrogen peroxide principally to 

separate catalyst from the working solution, as well as to separate organic and water solutions. 

Cartridges are used to filter the working solution at the exit of the hydrogenation sector and to 

physically separate entrained water from the working solution at the exit of extraction. After 

being used, they usually contain traces of organic matter or solid inorganic materials. The 

elements are made from glass fibres with a load-bearing core of perforated stainless steel plate 

or polypropylene. 
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15.4 Techniques to consider in the determination of BAT 
 

This section describes techniques (or combinations thereof), and associated monitoring, 

considered to have the potential for achieving a high level of environmental protection in the 

activities within the scope of this chapter. The techniques described will include both the 

technology used and the way in which the installations are designed, built, maintained, operated 

and decommissioned. 

 

It covers process-integrated techniques and end-of-pipe measures. Waste prevention and 

management, including waste minimisation and recycling procedures are also considered, as 

well as techniques that reduce the consumption of raw materials, water and energy by 

optimising use and reuse. The techniques described also cover measures used to prevent or to 

limit the environmental consequences of accidents and incidents, as well as site remediation 

measures. They also cover measures taken to prevent or reduce emissions under other than 

normal operating conditions (such as start-up and shutdown operations, leaks, malfunctions, 

momentary stoppages and the definitive cessation of operations). Cross references to other 

chapters are used, where relevant to avoid repetition. 

 

Annex III to the Directive lists a number of criteria for determining BAT, and the information 

within this chapter will address these considerations. As far as possible, the standard structure in 

Table 2.3 is used to outline the information on each technique, to enable a comparison of 

techniques and the assessment against the definition of BAT in the Directive. 

 

This chapter does not necessarily provide an exhaustive list of techniques which could be 

applied. Other techniques may exist, or may be developed, which could be considered in the 

determination of BAT for an individual installation.  

 

15.4.1 Techniques to reduce emissions to air 
 

15.4.1.1 Reduction of emissions from oxidation section 
 

The gas stream generated in oxidation is treated to recover hydrocarbons. These gas treatment 

systems will vary across plants, depending on their detailed engineering decisions, but all of 

them will have a net vent stream. Every plant design will include features to avoid or reduce 

entrainment. The most frequent measures are meshes, KO drums, and pipe enlargement to 

reduce the stream gas velocity and cyclones. Table 15.8 summarises the data collected for the 

BREF review on this topic. The majority of installations operate an entrainment avoidance 

device (KO drum or demister) and condensers upstream of the solvent recovery adsorbers. 

Some installations channel other minor emission streams to this adsorber system. 

 
15.4.1.1.1 Oxidation process optimisation with plant design 

 

Description 

This is a group of process-related decisions (design and operational) that will lead to less light 

components being generated in the reaction and thus less load to be addressed by the gas 

recovery system. 

 

Technical description 

The downstream section design will be critical: the air and the working solution leaving the top 

of the oxidation column are fed together into a separator. Entrainment of the liquid phase to the 

overheads system is reduced by detailed engineering techniques like air inlet nozzle or enlarging 

reactor height, knock-out drums, meshes. The solvent vapour concentration is inversely 

proportional to oxidation pressure and is lowered by a reduction in oxidation temperature. 

 

Achieved environmental benefits 

Reduced emissions of VOCs to air (from this source or end-of-pipe device) are achieved when 

the workload to abatement devices is reduced. 
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Environmental performance and operational data 

 

Cross-media effects 

These decisions will not only affect the composition of this vent stream but also other key 

results of the operation such as energy usage. This may lead to increased energy consumption. 

 

Technical consideration relevant to applicability 

New installations. 

 

Economics 

Lower energy costs for regeneration may be balanced by higher energy use for process air 

compression. 

 

Driving force for implementation 

Lower energy costs. 

 

Example plants 

All installations in Europe. 

 

Reference literature 

Cefic. 

 
15.4.1.1.2 Other generic techniques 

 

Condensation and cryogenic condensation 

 See the CWW BREF on condensers. 

 A larger condensing duty will reduce the VOC load on the charcoal adsorbers and, 

therefore, steam consumption for their regeneration. A second condenser with chilled 

water, after the cooling water one, reduces the solvent load further at the expense of 

electrical energy for refrigeration. 

 The emission values from the data collection (BREF review) reveal that the lowest 

values are obtained by combining both condensers and adsorbers. Values are in the 

range of 1–4 mgC/Nm3
. 

Wet gas scrubber  

 See the CWW BREF. 
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Adsorption 

 See the CWW BREF on adsorption. 

 
Table 15.8: Emissions to air from oxidation section with adsorbers 

Ads./airflow 

(1) 

(m
3
/k Nm

3
) 

Analytical 

method 

Emission value (mgC/Nm
3
) Flow 

(g/h) 

Specific 

emission 

(g/t of 

H2O2) 

Avg. peak Det.L. 

2.10 FID 0.9 1 0.8 9.0 1.1 

1.43 UV 0.9   44.1 3.5 

0.50 FID 1  1 38.0 18.5 

3.98 FID 1.5 2.8 0.1 34.5 4.0 

3.20 FID 2 > 160  40.0 6.5 

4.07 FID 2.9  1 81.2 10.2 

0.40 FID 4 < 20 1 90.4 15.8 

1.60 FID 4.6   115.0 18.3 

1.50 FID 4.8 5.7  115.2 20.2 

 FID 6.8 15.5 0.1   

2.08 GC 7.1   46.2 33.7 

2.42 FID 8.4 14 5 194.4 14.8 

0.32 FID 9.5 25 1 61.8 30.1 

2.00 FID 11.1 40 0.1 299.7 37.5 

3.27 GC 14 37 0.1 154.0 33.7 

0.85 FID 26.5 < 50 4 1 722.5 65.6 

 GC 16 37    

0.96 FID 37.7  0.1 708.4 155.1 

0.44 FID 50  0.1   

0.33 FID 65 100 0.1 1 430.0 240.9 
(1) This parameter shows how big the total volume of fixed bed adsorber (m3) material is in relation to the spent 

airflow coming from the oxidiser (1 000 Nm3) 

Source: EIPPCB questionnaires 2012 

 

Applicability: 

The more relevant parameters of these techniques are briefly mentioned here: 

 

 Design: choice of the number of beds is part of the design optimisation and does not 

influence the emission concentration. 

 Regeneration fluid selected by the design: normally low or medium pressure steam 

 Adsorbent material: charcoal may be the most common adsorbent. After oxidation, air 

and working solution are separated. The air, saturated with solvent and water, usually 

goes through condenser(s) where part of the solvents and water are condensed and 

recycled to the process and the air is subsequently purified with activated carbon, which 

is periodically regenerated, normally with steam, to recover the solvent. The steam 

condensing in the activated carbon beds is drained as aqueous effluent. Other 

adsorbents like zeolites are also efficient. 

 Adsorption management: this feature involves all actions taken by the operator to 

optimise adsorption performance. They include: intensive (continuous) monitoring of 

adsorption performance trends to optimise stream life or regeneration time;  procedures 

that include measures (such as plant shutdown) in case the emission threshold value has 

been reached; ensuring sufficient fresh adsorbent is available (in place) for unplanned 

end-of-life events; process optimisation system for continuous improvement of 

adsorption performance (such as process models or six sigma methodology) 

 Cooling feature prior to alignment: When going back online after regeneration, the 

exhaust air could be in contact with the hot/wet active carbon bed. Then there would be 

a short period when VOCs were not adsorbed optimally: the VOC concentration would 

then be high but for a few minutes only in an adsorption step of hours. An option to 

reduce the peak emissions at the beginning of the adsorption is to cool down the AC bed 
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with air recycled from the discharge but additional electric power is needed (this is 

listed above as a technique). 

 

See the CWW BREF on recovery for end-of-pipe abatement devices 
 

15.4.1.1.3 Process design: oxygen feed instead of air 

 

Description 

Feeding oxygen or oxygen mixtures will lead to a lower spent air volume and this means that 

gas treatment equipment can be smaller and more efficient. 

 

Technical description 

Feedstock selection will affect the spent air volume and the size of the treatment devices. Some 

designs feed O2 instead of feeding air, which leads to lower spent air volume in the overheads 

stream. 

 

Achieved environmental benefits 

Lower net emission of VOC to air can be achieved. 

 

Environmental performance and operational data 

The emission values from the data collection (BREF review) reveal that this technique leads to a 

smaller spent airflow (100–150 Nm
3
) and thus is more concentrated than feeding air (800–1 200 

mgC/Nm
3
). To obtain a specific emission value similar to the values in Table 15.8, this 

technique would still need to be combined with another (e.g. chilled condensers). 

 

Cross-media effects 

The overall consumption of energy is increased because oxygen production by liquefaction and 

distillation of air requires more energy than the compression of atmospheric air. The use of 

oxygen makes sense where there is also a use of the nitrogen obtained from air distillation, so 

the economic assessment should include the overall figures.  

 

Technical consideration relevant to applicability 

New installations or retrofits. 

 

Economics 

Operational costs can be similar but investment costs can be reduced. 

 

Driving force for implementation 

Lower investments cost and reduced energy usage for compression. 

 

Example plants 

 

Reference literature 

Cefic. 

 

15.4.1.2 Emissions of VOCs from the hydrogenation section 
 
15.4.1.2.1 Hydrogenation process optimisation  

 

Description 

This is a group of process-related decisions (design and operational) that will lead to a lower 

load to be addressed by the gas treatment/recovery system. 

 

Technical description 

The selection of feed will impact on the stream composition (reformer will lead to larger 

methane content, electrolysis, other).  
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 Catalyst selection will impact on selectivity and thus on the composition of this stream 

(nickel; palladium-based; others).  

 Catalyst support containment (downstream filter 0.05–0.2 mm particle size; fixed bed 

0.5–10 mm particle size; other). 

 The conversion target will determine operating conditions and by-product generation. 

 The excess H2 target will determine the outlet vent stream flow. 

 

Achieved environmental benefits 

Reduced emissions of VOCs to air (from this source or end-of-pipe device) are achieved. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Generally applicable 

 

Economics 

 

Driving force for implementation 

Lower feedstock costs. 

 

Example plants 

 

Reference literature 

H2O2 #3 & 6 

 
15.4.1.2.2 Recycle to reaction feed  

 

Description 

Recycle excess hydrogen to feed stream. 

 

Technical description 

This is a normal design feature on hydrogenation reactions. A recycle compressor is required. 

 

Achieved environmental benefits 

Reduced emissions of VOCs to air (from this source or end-of-pipe device). 

 

Environmental performance and operational data 

The emission values depend on plants' throughput and on many design and operating factors, 

and this leads to a high variability. Table 15.9 shows the emission values of these streams. 

 

Cross-media effects 

This may lead to increased energy consumption. 

 

Technical consideration relevant to applicability 

New installations. 

 

Economics 

Lower raw material costs due to lower hydrogen usage. 

 

Driving force for implementation 

Lower feedstock costs. 

 

Example plants 

The majority of installations use this technique. 
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Reference literature 

H2O2 #3 

 
Table 15.9: Emissions to air of VOCs from hydrogenation 

Plant design Flow (Nm
3
/h) Emission (mgC/Nm

3
) Emission (g/h) 

With H2 recycle 2–70 2–5 000 0.01–370 

Without H2 recycle 30–300 50–3 500 2.5–1 050 

 
15.4.1.2.3 Other horizontal techniques 

 

Other horizontal techniques that can also be applied here are given below. 

 

Recover hydrogen by PSA 

 See the CWW BREF on PSA for waste gas. 

Recover energy in furnace  

 Inject the generated waste stream into fuel gas manifold to recover energy 

 See the CWW BREF on energy recovery for waste gas. 

Adsorption  

 VOCs and other pollutants (dust) can be abated in the shared charcoal devices that are 

normally in place for the oxidation spent air. 

 See the CWW BREF chapter on adsorption. 

Wet gas scrubber 

 Solvents are used in the reaction gas recovery system to reduce the hydrocarbon content 

of the H2-rich purge. See the CWW BREF. 

Thermal oxidiser  

 See the CWW BREF on oxidisers. 

 

15.4.1.3 Emissions of dust from the hydrogenation section 
 

Most of the techniques mentioned in Chapter (14.1.4.1) apply here also.  

 
15.4.1.3.1 Entrainment avoidance 

 

See the CWW BREF. 

 

Detailed and basic engineering practices: catalyst support systems, cyclones, KO drums, lower 

entrainment by reduced velocity (large equipment diameters), process control, etc. 

 
15.4.1.3.2 Filtration  

 

In order to avoid or reduce the emissions of dust from hydrogenation. 

 

See the CWW BREF. 

 

If a suspended or supported catalyst is used the hydrogenation step includes a primary filtration 

stage, which retains the catalyst and allows it to be returned to the hydrogenator by periodical 

back-flushing.  

 

The design of the hydrogenator depends largely on the type of catalyst. Palladium black is 

preferentially used in loop reactors made of tubes of different or identical diameters and 

arranged either vertically or horizontally. Maintaining constant catalyst productivity is easy by 

withdrawing used catalyst and adding fresh catalyst; catalyst regeneration can be done on site.  

Applicability: this technique does not apply (not required) on fixed bed systems. 

 
15.4.1.3.3 Catalyst system selection 

 

Description 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 15 

SH/TS/EIPPCB/LVOC Draft 1 April 2014 589 

Larger catalyst particle size is easier to filter. 

 

Technical description 

Supported catalysts have a particle size of 0.05–0.2 mm; these large particles are much more 

easily filtered than the fine palladium black. To keep the catalyst fluidised, the reactor is either 

mechanically or gas agitated. In case of gas agitation excess hydrogen is sparged at the bottom, 

and non-reacted hydrogen at the top of the reactor is recycled. The palladium catalyst can be 

used as palladium black or supported on a carrier for slurry or fixed bed operation. 

Achieved environmental benefits 

Lower emissions of dust to air and/or lower waste generation. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Generally applicable. 

 

Economics 

Lower operating cost due to lower losses. 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

H2O2 #3. 

 
15.4.1.3.4 Fixed bed hydrogenation 

 

In a fluid bed hydrogenation reactor: good contact between the three reacting phases is obtained 

and thus the productivity and selectivity are generally high. However, the catalyst particles can 

be broken down by abrasion and can block the filters needed to separate the suspended catalyst 

and the hydrogenated working solution. This kind of reactor is also subject to back-mixing. As a 

result, the use of suspended catalyst frequently requires the use of a larger hydrogenation reactor 

and expensive filtration sector to obtain a fully hydrogenated form. 

 

The fixed bed hydrogenation reactor: does not abrade the catalyst and, if operated in a 

concurrent flow, does not result in back-mixing. However, the reaction rate of a fixed bed 

hydrogenation reactor is limited by the relatively slow rate of dissolution of hydrogen from the 

gas phase into the working solution. Therefore, to dissolve the required quantity of hydrogen 

necessary to thoroughly reduce all of the working compounds, the working solution has to be 

recycled several times. Thus, a very large recycle stream and a correspondingly large 

hydrogenation reactor are required, hence adding to the capital costs of the process. In addition, 

the recycling of the hydrogenated solution results in the over-hydrogenation of the working 

compounds so that they are ineffective in the overall process. 

 

Description 

Fixed bed catalysts, with a particle size of 0.5–10 mm, eliminate the problem of catalyst 

filtration. 

 

Technical description 

Instead of particles, honeycomb monoliths can be used as support. The monoliths contain 

parallel channels with an open diameter of 1–2 mm. For optimum performance, plug flow is 

established through the catalyst bed. 

 

Achieved environmental benefits 
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Lower emissions of dust to air and/or lower waste generation. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Large retrofits and new plants. 

Economics 

Lower operating costs due to lower losses. 

 

Driving force for implementation 

Lower investment and operation costs for catalyst recovery. 

 

Example plants 

Many of the EU installations. 

 

Reference literature 

H2O2 #3. 

  

15.4.1.4 Emissions from extraction and purification 
 

Channelling of vent gases; see the generic techniques to consider Section 2.4. On large plants, 

the vent from the extraction column could be directed to the adsorber chamber solvent recovery 

unit located in the oxidation section. See the CWW chapter on adsorption. 

 

15.4.1.5 Emissions from drying 
 

This technique is normally not used in Europe. 

 
15.4.1.5.1 Drying system selection 

 

Description 

Avoiding the use of a vacuum system for drying operations will reduce emissions to air. 

 

Technical description 

Select and implement other drying techniques. The other drying alternatives emit no or fewer 

pollutants to air. 

 

Achieved environmental benefits 

Lower emissions of solvents to air. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Plants with a vacuum system for drying operations. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

H2O2 #3. 
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15.4.1.5.2 Other horizontal techniques 

 

Other horizontal techniques that can be applied here are given below. 

 

Individual abatement of VOC emissions for this stream 

 See the CWW BREF for condensers, adsorbers, etc. 

 

Channel vent stream to shared gas treatment device 

 Send to the adsorber system (see previous sections). 

 

15.4.1.6 Emissions from WS regeneration 
 

It is considered obsolete to use a calciner for catalyst regeneration purposes. Data collection 

performed during this BREF review has confirmed that no EU installation is using a calciner for 

this purpose. 

 

These horizontal techniques can be applied here: 

 

Use of cyclone to reduce dust emissions 

 See the CWW BREF 

Use of condensers to reduce VOC emissions 

 See the CWW BREF 

Channel vent stream to shared gas treatment device 

 Send to oxidiser adsorber system (see previous sections). 

 

15.4.1.7 Emissions from catalyst regeneration 
 

This is a normal operation required to keep the hydrogenation running. Many operators 

subcontract this operation to the catalyst provider or another service provider. 

 
15.4.1.7.1 Selection of hydrogenation reactor-catalyst design 

 

As discussed in previous sections, those plants that operate a fixed bed reactor will normally run 

a catalyst regeneration system on site. 

 

Catalyst regeneration system selection 

 

Description 

Use of dissolution and precipitation system. Avoiding a calciner system for the catalyst 

regeneration operation will reduce emissions to air. 

 

Technical description 

The other regeneration alternatives (such as precipitation) emit fewer pollutants to air. 

 

Achieved environmental benefits 

Lower emission to air from this operation. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Installation that regenerate catalyst onsite 

 

Economics 

 

Driving force for implementation 
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Example plants 

 

Reference literature 

H2O2 #3. 

  
(ii) Other horizontal techniques that can also be applied here are: 

 

 wet gas scrubbers; 

 individual abatement of HCl for this stream; 

 see the CWW BREF for caustic scrubbers; 

 individual abatement of VOC emissions for this stream; 

 see the CWW BREF for condensers, adsorbers, etc.; 

 send vent stream to shared gas treatment device; 

 channel this stream to the oxidiser adsorber system (see previous sections). 

 

15.4.1.8 Fugitive emissions to air 
 

See the CWW BREF on fugitive emissions. 

 

15.4.1.9 Emissions to air from storage 
 

Vents are treated e.g. by a cooling and condensing unit.  

See the EFS BREF. 

 

15.4.1.10 Combustion gases 
 

Emissions from combustion plants where the principal objective is the production of energy, 

e.g. as steam, heat, electricity or combined heat and power, are outside the scope of this BREF. 

Full descriptions of all the emission control techniques that can be applied (ten heading format) 

can be found in the LCP BREF. 

 

15.4.2 Techniques to reduce emissions to water 
 

The LVOC BREF will only address effluent treatment at source and specific pretreatments.  

See also the CWW BREF. 

 

15.4.2.1 Techniques to reduce effluent from WS reversion 
 
15.4.2.1.1 WS reversion technique selection 

 

Process technology chemistry: technique selection:  

 

1. treatment of the working solution with alumina or sodium aluminium silicates at 50–

200 ºC; 

2. treatment with alkali hydroxide, calcium hydroxide, ammonia, or amines in the 

presence of oxygen or hydrogen peroxide;  

3. treatment of the working solution with aqueous sodium hydroxide or potassium 

hydroxide solution (8–17 mol/l) in the presence of oxidants;  

4. treatment with solvent and liquid carbon dioxide; 

5. treatment with a non-cyclic hydrocarbon. 

 

Result: only the WS reversion with solid results in this effluent but it is not the major effluent 

from process and does not significantly impact on the overall picture. 

 

Description 

Using the alkaline solution system will avoid the effluent that is generated in the other reversion 

technique (to clean/steam the spent solid prior to disposal). 
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Technical description 

Some installations that use the solid reversion agent avoid regeneration and sell the spent solid 

to the cement industry. 

 

Achieved environmental benefits 

The installations using the solid agent in the EU have reported effluent values (from washing 

operation) in the range of 0.01–0.0032 m
3
 per tonne of product. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Applicable to units that operate the WS reversion with solid 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

CEFIC and H2O2 #3. 

 
15.4.2.1.2 Solvent selection 

 

Hydroquinones and anthraquinones have different solubility, so mixtures of solvents are often 

required. Some candidate solvents will be environmentally more problematic than others, and 

might result in more harmful emissions to air and water as a result (due to toxicity, solubility, 

relative density, etc.) 

 

Other horizontal techniques that can also be applied here are given below. 

 
15.4.2.1.3 Solvent extraction 

 

See the CWW BREF on solvent extraction. 

Solvent extraction applies to the dark water coming from the working solution reversion stage. 

 
15.4.2.1.4 Liquid phase separation 

 

This will, normally, be applied in the collective stream.  

The pH at the boundary of the plant is generally < 2, because this low pH favours the separation 

of the organic compounds from the water phase. 

See the CWW BREF. 

 
15.4.2.1.5 Dedicated closed system for effluent collection 

 

This technique involves having an independent drain header for collecting and treating or 

recovering frequent effluents from this section such as sampling and equipment emptying. 

 
15.4.2.1.6 Concentration and incineration 

 

Some installations have reported that caustic waste water is concentrated prior to incineration. 

 

15.4.2.2 Techniques to reduce effluent from adsorber regeneration 
 
15.4.2.2.1 Minimise load to adsorbers 
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Description 

Apply techniques to minimise the arrival of organic compounds to charcoal absorbers.  

 

Technical description 

Larger duty on condensers; recovery of solvents and other VOCs in the condensers upstream of 

the adsorbers enables a simpler reuse after the decanter; feed oxygen instead of air, etc. 

 

Achieved environmental benefits 

Lower workload of adsorber will mean less frequent regeneration and lower effluent volume 

from this operation. 

 

Environmental performance and operational data 

 

Cross-media effects 

Increased investment will be required upstream of this section. 

 

Technical consideration relevant to applicability 

Generally applicable  

 

Economics 

Condensers may be more efficient than adsorbers and lead to lower operating costs. 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 
15.4.2.2.2 Liquid phase separation 

 

See the CWW BREF. A high volume decanter ensures organic phase separation from aqueous 

phase. Two phase level detector selection is a key feature in this design. 

 
15.4.2.2.3 Multiple use and recirculation 

 

Recycling water to other usages. There are several water usages in the process (such as 

extraction operation). Reuse has been confirmed by EU installations in the questionnaires. 

 

15.4.2.3 Techniques to reduce effluent from concentration 
 
15.4.2.3.1 Process design selection 

 

Description 

To select the process that generates less effluents/load to WWT unit. 

 

a) Distillation of water from aqueous hydrogen peroxide can therefore be used to 

concentrate the solution or to completely separate hydrogen peroxide from water. 

b) The use of structured packing in distillation columns enhances performance, improves 

the separation efficiency and thus reduces the content.  

c) Concentrations higher than 90 % are preferably produced by crystallisation. 

Reverse osmosis membranes can also be used to purify crude, distilled or concentrated 

(up to 70 %) hydrogen peroxide. A disadvantage of this procedure is that only part of 

the feed stream leaves the unit as purified permeate, while the impurities are 

accumulated in the retentate. 

 

Other horizontal techniques that could also be applied here are given below.  
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15.4.2.3.2 Liquid phase separation 

 

See the generic techniques section in this document. Phase separation equipment selection and 

design: stabilising walls' size and position, overall volume, proper design to minimise 

turbulence inside decanters, etc. Phase separation control: phase level indicator and control 

techniques selected, etc. 

 
15.4.2.3.3 Distillation for reuse 

 

See the CWW BREF on stripping and distillation. 

 

Water from this step may be qualified for recycling and reuse. This reuse was confirmed by EU 

installations (2012 BREF review data collection process). Distillation can enable the reuse of 

aqueous phase for process purposes. Operators that run a concentration design based on packed 

columns may achieve a purer aqueous stream and thus enable reuse of this stream. 

 

15.4.2.4 Techniques to reduce emissions from catalyst regeneration 
 

Regeneration strategy selection is key to reducing emissions from this section since as there will 

be no effluent generation of this type on those plants who opted for external (off site) catalyst 

regeneration. 

 
15.4.2.4.1 Selection of reactor design/catalyst system 

 

Description 

A fixed bed reactor (larger catalyst particle size, support, etc.) will reduce or avoid effluent 

generation from this operation. 

 

Technical description 

Filtration system design and operation downstream of the reaction. 

 

In a fluid bed hydrogenation reactor: good contact between the three reacting phases is obtained 

and thus the productivity and selectivity are generally high. However, the catalyst particles can 

be broken down by abrasion and can block the filters needed to separate the suspended catalyst 

and the hydrogenated working solution. This kind of reactor is also subject to back-mixing. So, 

the use of suspended catalyst frequently requires the use of a larger hydrogenation reactor and 

expensive filtration sector to obtain a fully hydrogenated form. 

 

The fixed bed hydrogenation reactor: does not abrade the catalyst and, if operated in a 

concurrent flow, does not result in back-mixing. However, the reaction rate of a fixed bed 

hydrogenation reactor is limited by the relatively slow rate of dissolution of hydrogen from the 

gas phase into the working solution. Therefore, to dissolve the required quantity of hydrogen 

necessary to thoroughly reduce all of the working compounds, the working solution has to be 

recycled several times. Thus, a very large recycle stream and a correspondingly large 

hydrogenation reactor are required, hence adding to the capital costs of the process. In addition, 

the recycling of the hydrogenated solution results in over-hydrogenation of the working 

compounds so that they are ineffective in the overall process. 

 

Achieved environmental benefits 

Lower effluent volume from this source. 

 

Environmental performance and operational data 

Cross-media effects 

 

Technical consideration relevant to applicability 

New units or major refits 
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Economics 

 

Driving force for implementation 

Lower operational costs due to lower catalyst losses. 

 

Example plants 

 

Reference literature 

H2O2 #3 & 6 

 
15.4.2.4.2 Catalyst regeneration off site to recover valuable compounds 

 

To opt for an off-site catalyst regeneration technique. The most common one is the two-step 

technique (dissolving and precipitating) that leads to lower emissions to air but generates an 

effluent to deal with. 

 

Only two EU installations reported an on-site catalyst regeneration technique during the data 

collection exercise done for the BREF review. 

 

See the WT BREF. 

 

15.4.2.5 Techniques to reduce emissions from vacuum systems 
 

Water-free vacuum generation 

 See vacuum systems in the LVOC BREF Generic Chapter. 

 Vacuum based on pumps will not generate an effluent. 

 

Liquid phase separation 

 See decanters in the CWW BREF. 

 

15.4.2.6 Techniques to reduce effluents from washing operations 
 
15.4.2.6.1 WS recovery technique selection 

 

The installation that selected a WS recovery technique based on alkaline reversion will not 

generate effluent from this source.  

 

A horizontal technique that could be applied here is given below. 

 
15.4.2.6.2 Liquid phase separation 

 

See the CWW BREF. This technique is normally applied to a collective stream rather than to 

this individual stream. 

 
15.4.2.6.3 Concentrate prior to incineration 

 

See the CWW BREF. This technique is normally applied to a collective stream rather than to 

this individual stream. 

 

15.4.2.7 Effluent from drying step 
 
15.4.2.7.1 Water reuse 

 

Description 

To recover aqueous effluent generated in drying to reuse in process streams (such as 

concentration). 

 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 15 

SH/TS/EIPPCB/LVOC Draft 1 April 2014 597 

Technical description 

For that purpose, the drying technique selected might be the vacuum. 

 

Achieved environmental benefits 

Reduce effluent to water from this operation. 

 

Environmental performance and operational data 

 

Cross-media effects 

Higher energy usage. 

 

Technical consideration relevant to applicability 

Generally applicable 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

H2O2 #3. 

 

15.4.2.8 Techniques to pretreat collective effluent 
 

If the final treatment, before discharge to the environment, is biological digestion, it may be 

necessary to increase the biodegradability of the waste water to about 80 % by a pretreatment 

stage of removal of poorly biodegradable recalcitrant material.  

 

This pretreatment step may be one of the following.  

 
15.4.2.8.1 Liquid phase separation 

 

See the CWW BREF. 

 

Most of the effluents contain an aqueous phase and an organic phase containing a number of 

different substances. The organic phase is separated and largely recycled to the process. Soluble 

and solid amounts of the large variety of substances remain in the small amount of the aqueous 

phase in low concentrations. Every EU installation uses this technique (based on the BREF 

review data collection). 

 
15.4.2.8.2 Neutralisation 

 

See the CWW BREF. 

 

Adjustment of pH to the acceptability range of the final treatment may also be required. All EU 

installations are using this technique. 

 
15.4.2.8.3 Dedicated closed system for collecting emissions 

 

Many of the LVOC processes where solvents are involved (such as aromatic production 

processes) use a dedicated sewage treatment unit to address, collect and treat/recover streams 

containing solvents, thus avoiding damage to biological reactors.  

 

Several EU installations use this technique, based on the data collection exercise done for this 

BREF review. 
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15.4.2.8.4 Concentration and incineration 

 

An option to eliminate solids from waste water is to concentrate and incinerate them. This is not 

energy efficient but may be needed at smaller sites. 

 

No EU installation is using this option, according to the BREF review data collection exercise. 

 
15.4.2.8.5 TOC monitoring 

 

Monitoring TOC is not in itself a technique to reduce load to WWT units. The technique 

referred to here is the combination of the monitoring exercise with a procedure to reduce TOC 

when higher levels are reached. See the CWW BREF. 

 

In the BREF review data collection, several plants reported this technique as critical to the 

environment. 

 
15.4.2.8.6 Adsorption 

 

Pretreating the collective effluent from the plant with charcoal adsorbers. In the BREF review 

data collection, several plants reported using this technique and labelled it a critical asset for 

protecting the environment. Chematur process licence also includes this technique. 

See the CWW BREF.  

 

Depending on the biodegradability – some substances are only adsorbed to the sludge in the 

WWTP – it is the responsibility of the local waste water management to decide whether a 

central treatment of the effluent is tolerable. This is usually the case on sites with high volume 

production and a central waste water treatment plant. 

 
15.4.2.8.7 Techniques to reduce raw material consumption 

 

15.4.2.9 Techniques to consider on raw material usage 
 
15.4.2.9.1 Process optimisation 

 

(i) Hydrogenation 

 

Quinone decomposition products that cannot be regenerated into active quinone are formed 

during this step. Lower conversion targets will lead to larger selectivity. 

 

a) In a fluid bed hydrogenation reactor: good contact between the three reacting phases is 

obtained and thus the productivity and selectivity are generally high. However, the 

catalyst particles can be broken down by abrasion and can block the filters needed to 

separate the suspended catalyst and the hydrogenated working solution. This kind of 

reactor is also subject to back-mixing. Therefore, the use of suspended catalyst 

frequently requires the use of a larger hydrogenation reactor and expensive filtration 

sector to obtain a fully hydrogenated form. 

b) The fixed bed hydrogenation reactor: does not abrade the catalyst and, if operated in a 

concurrent flow, does not result in back-mixing. However, the reaction rate of a fixed 

bed hydrogenation reactor is limited by the relatively slow rate of dissolution of 

hydrogen from the gas phase into the working solution. Therefore, to dissolve the 

required quantity of hydrogen necessary to thoroughly reduce all of the working 

compounds, the working solution has to be recycled several times. Thus, a very large 

recycle stream and a correspondingly large hydrogenation reactor are required, hence 

adding to the capital costs of the process. In addition, the recycling of the hydrogenated 

solution results in over-hydrogenation of the working compounds so that they are 

ineffective in the overall process. 

 

(ii) Catalyst system selection 
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Different catalysts have the potential to give different conversions, and some catalysts will 

suffer deterioration in performance due to inactivation over time. As the hydrogen peroxide is a 

concentration product, problems within the process can directly affect product quality, and 

potentially therefore yield: 

 

a) originally, Raney nickel; 

b) then, palladium: has better selectivity; 

c) then Ni/B; this system together with Cr increases the stability. 

 

The choice of catalyst will influence the degree of tetrahydroanthraquinone formation, and 

therefore probably affect yield.  

 

(iii) Catalyst pretreatment 

 

A significant disadvantage of Raney nickel as catalyst is its limited selectivity. Some licensors 

largely eliminated this by pretreating the catalyst with ammonium formate (anthra route).The 

use of catalysts that have been treated (e.g. with halides) can limit the formation of anthones and 

oxanthones, and therefore help avoid yield depression.  

 

(iv) WS regeneration 

 

This operation is the key contributor to lower quinone usage. EIPPCB consider this a ʻmust 

haveʼ for economic reasons and assumes all plants will have this step. 

 

This step is quite important for the process' overall footprint. The quinones can be converted 

into unproductive (although in some cases recoverable) by-products, and the yield relative to 

hydrogen and/or oxygen addition is therefore potentially variable. Some (ratio) of working 

solution is regenerated to convert quinone decomposition products into active quinones. 

Constant losses and thus make-up (AQ+Solvent). 

 

Numerous methods have been suggested for purifying the working solution and regenerating 

active quinone from the quinone degradation products. Examples include the following: 

 

a) treatment of the working solution with alumina or sodium aluminium silicates at 50–

200 ◦C; 

b) treatment with alkali hydroxide, calcium hydroxide, ammonia, or amines in the 

presence of oxygen or hydrogen peroxide;  

c) treatment of the working solution with aqueous sodium hydroxide or potassium 

hydroxide solution (8–17 mol/l);  

d) treatment with solvent and liquid carbon dioxide;  

e) treatment with a non-cyclic hydrocarbon. 

 

(v) Oxidation 

 

Upstream filter to avoid hydrogenation catalyst reaching the oxidation process (decomposition 

of H2O2). 

The use of water-soluble secondary amine could accelerate reaction rate and improve 

selectivity. 

 

(vi) Extraction 

 

pH adjustment in extraction column or other technique to minor losses. 

 

Injection of a small amount of air increases efficiency (reducing losses of working solution to 

the product stream). 
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Extraction step selection: a sieve-tray extraction column extracts hydrogen peroxide from the 

working solution. A number of other extractors, such as packed columns, pulsed packed 

columns, and Podbielniak extractors, have been proposed. 

 
15.4.2.9.2 Best practices in plant operation for quinone yields 

 

There are several design and operation measures available to improve yield. 

 

(i)  Process control: Controlling H2–QA ratio and AQ residence time in the hydrogenation step 

will reduce/avoid impurities (over-hydrogenation, solvents, etc.) Controls include: 

 Distributed Control System, 

 Advanced Process Control, 

 Process Modelling. 

 

(ii)  The control of the working solution chemistry by analysing its composition; its rate of 

degradation can be monitored and the conditions of the main reactions and the reversion 

process may be adjusted to minimise the net consumption of quinone. 

 

(iii) Foam regime to improve raw material usage 

 

Description 

Another substantial improvement of the hydrogenation step is based on the concept of the foam 

regime developed by Solvay. The hydrogenation reaction is conducted at moderate temperature 

(50–70 ºC) with a surface velocity of the hydrogenating gas in the range of 3–10 cms-1 and a 

liquid surface velocity in the range of 0.5–1.0 cms-1, while the liquid–gas ratio is kept below 

0.15. Under these conditions, no degradation of the working solution by over-hydrogenation is 

observed despite the high hydrogenation rates achieved. 

 

Technical description 

See patent EP 1.051.352.B1. 

 

Achieved environmental benefits 

Improved yields on quinone. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

New units or major refits 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

H2O2 #6 & 9 

 

(iv) Microwaves to improve raw material usage 

 

Description 

The hydrogenation reaction can also be enhanced by microwave radiation. 

 

Technical description 
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This is the approach of Kemira, which uses a 5 % Pd/C catalyst and a working solution 

containing AQ and other hydroquinones in a mixture containing 70 % aromatic hydrocarbon 

solvent as well as trioctyl phosphate and tetrabutyl urea. This is a more effective way of 

regenerating quinone derivatives on the WS. This technique leads to larger plant capacities 

(where regeneration of WS is the bottleneck). It also reduces the (quinone regeneration) reaction 

times when energy is introduced by microwaves. 

 

Achieved environmental benefits 

Improved quinone yields and energy usage. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

New units or major refits 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

H2O2 #4. 

 

15.4.2.10 Techniques to consider on catalyst usage 
 
15.4.2.10.1 Optimise catalyst usage via plant design  

 

Fixed reactor will reduce catalyst losses. 

Values reported in questionnaire range from 0.001 kg/t to 0.00016 kg/t of product. 

See previous chapters. 

 
15.4.2.10.2 Catalyst regeneration to recover valuable compounds 

 

Description 

In order to reduce the catalyst usage, a catalyst recovery and regeneration technique can be 

implemented. 

 

Technical description 

There are various options; see Chapter 15.2. 

 

Environmental performance and operational data 

Values reported in the questionnaire are around 0.00012 kg/t of product. 

 

15.4.3 Techniques to reduce energy consumption 
 

Energy usage is an indirect source of combustion-related emissions to air. This chapter is 

developed addressing techniques applied to reduce the energy demand. For techniques applied 

to the combustion processes, on the energy supply side, see the LCP BREF. 

 

15.4.3.1 Horizontal measures 
 

Distillation measures to reduce energy usage 

 See the LVOC BREF Generic Chapter. 
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Energy savings in compressors 

 See the LVOC BREF Generic Chapter. 

 

15.4.3.2 Techniques to consider on energy recovery 
 
15.4.3.2.1  Reaction heat recovery 

 

The oxygen is normally provided by blowing air through the working solution in a reactor. Pure 

oxygen might also be used, either as a booster of the air or as the sole oxygen source. The 

stoichiometric oxygen consumption is 659 Nm
3
 per tonne hydrogen peroxide, but an excess of 

20 % to 40 % is normally used. The oxidation of hydroanthraquinones is exothermic with a heat 

of reaction of 75–80 kJ/mol (or 2.20–2.34 GJ/t  H2O2). 

 

O2 + H2AQ → H2O2 + AQ 

 

The temperature of the working solution will therefore increase over the reactor. A higher 

operating temperature means a higher reaction rate, or an increased production rate per unit 

reactor volume, but also more by-products. The maximum operating temperature is, however, 

limited by the flashpoint of the working solution for safety reasons. The oxidation can be carried 

out in either concurrent or counter current mode. Plants with multiple concurrent stages 

arranged counter current also exist. The reactors are normally bubble columns, either filled with 

mass-transfer enhancing packing or sieve plates. 

 

Reactor effluent heat can be recovered through heat exchange with combined feed. See the 

LVOC BREF generic chapter. 

 

In the autoxidation process the energy consumption accounts for a major portion of the 

operating costs, of which the air compression is the largest single consumer. When oxygen is 

used, the choice has been made on the basis of an economic comparison with air compression. 

The costs for using oxygen or operating at higher pressure are counterbalanced by the fact that 

the oxidation process system can be kept smaller. Therefore, the volume of working solution is 

also kept smaller. The possibilities for energy recovery from off-gas are also larger when the 

pressure is higher. 

 

Description 

Recover energy from spent gas from oxidiser. 

 

Technical description 

In low pressure processes (< 1 barg), the gas is provided by comparatively cheap blowing 

machines. The technology offers few possibilities for energy recovery and demands large 

process vessels and pipes. A low pressure also means that more working solution is needed. 

 

By using a medium or high pressure process (1–10 barg), smaller equipment and less working 

solution can be used. On the other hand, the multistage turbo compressors that are needed 

demand larger investments. 75–80 % of the increase in the operating costs of air compression 

for higher pressure oxidation can be recovered, at increased capital investment, by passing the 

off-gas from the oxidation reactor through a turbo-expander, which drives one of the 

compressor stages or an independent electrical generator. The higher the pressure in the process 

the more important it is to recover the energy contained in the gas.  

 

Achieved environmental benefits 

When using high pressure air, the economy of energy can be in the range of 0.2–0.6 GJ/t H2O2 

by using the off-gases to partially drive the compressor.  

 

Environmental performance and operational data 

Not available. 
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Cross-media effects 

The use of high pressure air increases the energy consumption/costs but reduces the investment 

costs. 

 

Technical consideration relevant to applicability 

Once the plant is designed for high or low pressure, it cannot be changed. Retrofitting of a 

turbo-expander can be economically justified for high pressure plants with a high capacity. 

 

Economics 

Retrofitting of a turbo-expander is a very expensive investment and is only justified if the rate of 

return of capital investment is acceptable. 

 

Driving force for implementation 

To reduce the energy consumption. 

 

Example plants 

Many H2O2 plants. 

 

Reference literature 

Technical brochures of compressor manufacturers. 

 
15.4.3.2.2 Reaction heat recovery for distillation 

 

Description 

An extremely useful concept for combining the oxidation of AHQ and the separation of 

hydrogen peroxide in a single step is the recently developed reactive separation process. 

 

Technical description 

If the oxidation of AHQ with oxygen and the extraction of hydrogen peroxide from the 

anthraquinone working solution are carried out in a sieve plate column, then both the conversion 

of AHQ and the extraction efficiency increase with the superficial velocity of the gaseous phase. 

This increase may be caused by an increase in the contact time of oxygen (reactive gas) and the 

dispersed phase (reactive liquid phase) owing to their oscillatory motion and/or an increase in 

the containment volumes of dispersed and gaseous phases. 

 

Achieved environmental benefits 

Lower energy usage and higher yields. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

New units or major refits 

 

Economics 

Reactive separation technology leads to substantial savings in capital and operation costs. 

 

Driving force for implementation 

This approach improves the yield of H2O2 because immediate separation of by-products 

prevents their participation in the reaction equilibrium. 

Example plants 

 

Reference literature 

H2O2 #6 

 Hydrogen Peroxide Synthesis: An Outlook beyond the anthraquinone process; 2006; Jose M. 

Campos-Martin, Gema Blanco-Brieva, and Jose L. G. Fierro. 
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15.4.3.2.3 Energy recovery in distillation 

 

Description 

Both the feed concentration and the concentration of the final product are important for energy 

consumption in distillation. Crude peroxide, which will feed the distillation, normally has a 

concentration that can vary from 35 % to 50 % by weight hydrogen peroxide. The crude 

concentration depends on which type of solvents is used in the process and the peroxide 

concentration in the working solution.  

 

Technical description 

There are several heat recovery options to consider. 

 

a)  Heat exchange between distillation feed and product: heat may be exchanged from 

product flow to feed flow in order to save energy in the distillation. Depending on 

concentrations, the savings can be up to 25 % (0.25 GJ/t for 45 % by weight feed and 

50 % by weight product). 

b)  Vapour recompression: in order to reduce energy, it is possible to use the steam, which 

is evaporated and separated from the peroxide through the column, as a heating source 

for the evaporator. To be able to do so, it is necessary to increase the temperature and 

pressure of the steam by compression. In some large plants mechanical thermo-

compressors are used. They are normally electrically driven and the distillation does not 

need any external steam to heat the evaporator. The compressor recompresses low 

pressure steam from the distillation column and feeds it to the evaporator. At low feed 

concentration, a compressor can reduce the energy needed by up to 90 %. These 

machines are big because they have to operate under vacuum and require large 

investment, but they can be used where high steam prices can allow large investments.  

c)  Energy recovery from condenser: a large amount of low energy heat is removed in the 

distillation condenser (if no thermo-compressor is used). Normally, the cooling water 

leaving the condenser is at temperatures below 40 °C but its enthalpy could be 

transferred, by means of a heat pump, to other processes where low temperature energy 

could be used (e.g. heating of buildings.) 

 

Achieved environmental benefits 

Lower energy usage and lower combustion related emissions to air. See above. 

 

Environmental performance and operational data 

Not available. 

 

Cross-media effects 

Vapour recompression uses more electricity but saves steam. 

 

Technical consideration relevant to applicability 

Large retrofits or new plants. 

 

Economics 

See above. 

 

Driving force for implementation 

Reduction in energy consumption. 

 

Example plants 

Most H2O2 plants. 

 

Reference literature 

H2O2 #15 
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15.4.4 Techniques to reduce water consumption 
 

(i) Reuse the water from the concentration operation. Additional stripping or distillation or 

reverse osmosis may be required to reach sufficient quality in this stream. 

 

(ii) Reuse the water from WS regeneration and drying. Monitor aqueous effluent from the 

WS drying step in order to enable its reuse as process water (i.e. extraction). In the 

BREF review data collection, half of the EU installations revealed reuse of water from 

drying. This is applicable to those plants that use a vacuum as drying technique. 

 

15.4.5 Techniques to reduce waste generation 
 

15.4.5.1 Techniques on spent charcoal and ion exchange resins 
 

Some operators can sieve the adsorbent in order to dispose of or manage only the fine particles. 

Disposal is normally by landfill. Incineration is not normally required due to the nature and 

composition of this solid waste. 

 

15.4.5.2 Techniques on hydrogenation spent catalyst 
 

Selection of reactor design/catalyst system 

 See Section 15.4.2 on techniques for water emissions.  

 Fixed bed reactors will have a limited waste generation. Catalyst will normally be 

recovered by the supplier. 

 Others will generate a residue extracted from effluent recovery or treatment techniques. 

Filtration system design and operation downstream reaction 

 See Section 15.4.2 on techniques for water emissions. 

Regeneration technique selection 

 See Section 15.4.2 on techniques for water emissions. 

 Calciner: will generate more emissions to air. 

 Precipitation: the most common one seems to be the dissolving and precipitating that 

leads to lower emissions to air but generates an effluent to deal with. 

Catalyst regeneration off site to recover valuable compounds 

 See the LVOC BREF Generic chapter. 

Minimisation of waste volume 

 Tar: when alkali is used as an alternative reversion agent, the volume of the waste 

alkaline solution may be substantially reduced by multiple-effect vacuum evaporation-

concentration. The waste is then much less expensive to transport and to incinerate. 

 Spent solid: when activated alumina is used in the working solution reversion process, 

the spent material may be supplied as raw material to cement manufacture to avoid 

waste disposal. In certain situations it may be practicable to thermally regenerate the 

alumina in an off-site facility serving the oil-refining industry. 

 

Disposal will be by landfill or incineration. Sometimes hazardous waste incineration is required.  

As described earlier in this chapter, the waste type will depend on the WS regeneration strategy. 

 

15.4.5.3 Techniques to consider regarding tar from WS reversion 
 
15.4.5.3.1 WS reversion tar reuse  

 

Description 

Reuse as energy in a cement factory or ceramic industry. 

 

Technical description 

Some installations would incinerate only the caustic waste water and send the spent alumina to 

the external provider. 
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Achieved environmental benefits 

Lower generation of waste 

 

Environmental performance and operational data 

Values of net tar generated ranges from 0.78 kg/t of product to 2.4 kg/t of product. 

 
15.4.5.3.2 Selection of WS regeneration technique  

 

Selecting another regeneration type will avoid this type of waste but will generate another spent 

solid. [Request to TWG: please provide further information on this technique]. 

 
15.4.5.3.3  Incineration 

 

See the CWW BREF on incineration. 

Sometimes hazardous waste incineration is required. 

 

15.4.5.4 Techniques regarding spent solid from reversion 
 
15.4.5.4.1 Washing prior to disposal or landfill 

 

Description 

Removal of hydrocarbons and other chemical compounds by steam or hot water. 

 

Environmental performance and operational data 

Values of spent solid generated ranges from 7 kg/t to 10 kg/t of product (with outliers in 0.45 

and 15.9). 

 

Cross-media effects 

This generates effluents to the WWT unit. 

 
15.4.5.4.2 WS reversion tar / reuse in cement factory 

 

(See previous subchapters.) 

 

Recycling/regeneration of reversion agent.   

 

Where activated alumina is used in the working solution reversion process, the spent material 

may be supplied as raw material to cement manufacture to avoid waste disposal. In certain 

situations it may be practicable to thermally regenerate the alumina in an off-site facility serving 

the oil-refining industry. 

 
15.4.5.4.3 Incineration 

 

See the CWW BREF on incineration. 

Sometimes hazardous waste incineration is required. 

 

15.4.5.5 Techniques on spent WS 
 

Description 

Control of the working solution chemistry.  

 

Technical description 

By analysing the composition of the working solution, its rate of degradation can be monitored 

and the conditions of the main reactions and the reversion process may be adjusted to minimise 

the net consumption of quinine. The results of the analysis will lead to an adjustment in the 

operating conditions or similar. 
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The selectivity of the process is 99.99 % on anthraquinone (molar basis), which means that less 

than 1 kg of degraded quinone is rejected per tonne of H2O2 (100 % basis) manufactured. This 

degraded quinone is disposed of by off-site incineration. 

 

15.4.6 Techniques to consider reducing other operations 
 

Other than normal operating conditions may generate increased, or different, emissions (types 

and values). The measures that are mentioned below are used by operators to reduce the 

frequency of occurrence and/or the impact of these events. 

 

15.4.6.1 Generic measures for other than normal operations 
 

Certain specific events (other than normal operating conditions) that occur in hydrogen peroxide 

plants have specific measures to reduce the frequency of occurrence and impact on the 

environment. These specific measures are described below. 

 

15.4.6.2 Specific measures for other than normal operations 
 
15.4.6.2.1 Techniques to reduce emissions at hydrogenation start-up 

 

(i) Channel the start-up downstream line 

 

Some installations send the reaction flue-gas vent to atmosphere during the start-up of the 

hydrogenation reactor. 

 

Description 

To channel the reactor downstream, pipe to (other than atmosphere or flare) a vent abatement 

device. 

 

Technical description 

Heat recovery will be achieved if this stream is sent to fuel header. 

 

Achieved environmental benefits 

Reduction of VOC emissions to air during this start-up period. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Generally applicable. 

 

Economics 

Opportunities for minor fuel savings. 

 

Driving force for implementation 

Lower environmental impact. 

 

Example plants 

 

Reference literature 

(ii) Increase WS level in reactor prior to start-up 

 

Some installations send the reaction flue-gas vent to atmosphere during the start-up of the 

hydrogenation reactor. 

 

Description 
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Reducing the head space of the reactor by increasing, at start-up, the WS level. 

 

Technical description 

 

Achieved environmental benefits 

Reduction of VOC emissions to air during this start-up period. 

 

Environmental performance and operational data 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Generally applicable. 

 

Economics 

 

Driving force for implementation 

Lower environmental impact. 

 

Example plants 

 

Reference literature 

EIPPCB questionnaires 2012 

 
15.4.6.2.2 Reliability programme 

 

Description 

A group of managerial and design decisions to lengthen abatement systems' uptime. 

See section 2.4.10 on generic techniques to consider. 

 

Technical description 

Cooling systems' (pumps, towers or the like) redundancy to ensure condensers' operation. More 

alarms and/or trips (interlocks) on these key systems. 

 

Achieved environmental benefits 

Reduction of VOC emissions to air during other than normal events. 
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15.5 Emerging techniques 
 

[Note to TWG: the EIPPCB has developed some contents for the emerging techniques sections 

of the BREF. Neither the data collection questionnaires nor TWG members' spontaneous 

comments have provided sufficient information for the current BREF review on this topic. 

Therefore, TWG members are invited to complete the information collected by the EIPPCB: 

 The contents are presented in a tabular format in accordance with the BREF guidelines 

((2012/119/EU) 

 In some cases the technique has been identified as emerging but there is a lack of 

information to complete the fields to describe it] 

 

15.5.1 Direct synthesis process to H2O2 
 

Description 

A new high-productivity/high-yield process, based on an optimised distribution of isomers of 2-

amyl anthraquinone. 

 

The problem with the direct synthesis process is that, in terms of thermodynamics, the reaction 

of hydrogen with oxygen favours production of water. It had been recognised for some time that 

a finely dispersed catalyst is beneficial in promoting selectivity to hydrogen peroxide but, while 

selectivity was improved, it was still not sufficiently high to permit commercial development of 

the process. However, an apparent breakthrough was made in the early 2000s by researchers at 

Headwaters Technology. The breakthrough revolves around development of minute 

(nanometre-size) phase-controlled noble metal crystal particles on carbon support. 

 

Commercially developed 

Solvay. In 2008, this process allowed the construction of a mega-scale single-train plant in 

Zandvliet (Belgium). The plant has an annual production capacity more than twice that of the 

world's next largest single-train plant. An even larger plant was commissioned in 2011 by a 

joint venture of Solvay and Dow in Map Ta Phut (Thailand). This plant has a projected 

production capacity of 330 000 tons of hydrogen peroxide per year at 100 % concentration. 

 

Level of environmental protection 

 

Cost savings compared to existing BAT 

It is likely that this will lead to a reduction in the cost of production due to economies of scale. 

 

Chance of becoming BAT in the future 

 

When it might become commercially available 

 

References 

 

15.5.1.1 Electrochemical route to H2O2 
 

Description 

A fuel cell that creates hydrogen peroxide rather than electricity, with no known environmental 

impact. This would be used as a propellant or for the chemical industry. The project was to 

terminate at 2004, but no conclusions were released (University of Liverpool). 

 

A novel electrochemical process for the production of alkaline hydrogen peroxide has been 

developed by Dow. The process employs a monopolar cell to achieve an electrolytic reduction 

of oxygen in a dilute sodium hydroxide solution. 

 

Commercially developed 

 

Level of environmental protection 
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Cost savings compared to existing BAT 

 

Chance of becoming BAT in the future 

 

When it might become commercially available 

 

References 
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16 ETHYLENE DICHLORIDE AND VINYL CHLORIDE 
MONOMER  

 

16.1 General information 
 

[Request to TWG: please check the production capacity information and the detailed list of 

production sites set out in Table 16.1 and provide updates and corrections where appropriate.] 

Ethylene dichloride (EDC) is mainly used for the production of vinyl chloride monomer 

(VCM), which in turn is used almost exclusively for the manufacture of polyvinyl chloride 

(PVC) and associated co-polymers. EDC and VCM are therefore considered together in this 

chapter. A small amount of EDC is used for ethylenediamine production. In the EU, stand-alone 

EDC production accounts for around just 5 % of the EDC plants. The EDC/VCM production 

process is often integrated with chlorine production because of the issues associated with the 

transportation of chlorine, and because the EDC/VCM/PVC production chain represents the 

largest overall use of chlorine.  

 

EDC is synthesised either by the direct chlorination of ethylene or by chlorination using HCl 

and oxygen (oxychlorination). VCM is produced through the thermal cracking of dry, pure 

EDC. 

 

In 2013, the production capacity of ethylene dichloride in Europe was ## million tonnes, which 

was XX % of global capacity. For vinyl chloride monomer, the production capacity in Europe 

was ## million tonnes, which was XX % of global capacity. There are 23 vinyl chloride 

monomer (VCM) manufacturing plants in Europe. European production of EDC and VCM is 

summarised in Error! Reference source not found. below. 

 
Table 16.1: European producers of ethylene dichloride and vinyl chloride monomer 

Country City Operator Capacity1 

(kt/year) 

Belgium Tessenderlo Ineos ChlorVinyls 550 

Belgium Zandvliet  Solvin (no VCM) 3902  

Belgium Jemeppe s/ Sambre SolVin 420 

Czech Rep Neratovice Spolana 135 

France Jarrie  Kem One 0 3 

France Lavera Kem One 525 

France Fos sur mer Kem One 375 

France Tavaux SolVin 300 

Germany  Stade  Dow (no VCM) 260 2 

Germany Schkopau Dow 330 

Germany Wilhelmshaven Ineos ChlorVinyls 400 

Germany Rheinberg SolVin 320 

Germany Marl VESTOLIT 400 

Germany Gendorf Vinnolit 300 

Germany Knapsack (Hurth) Vinnolit 330 

Greece Thessalonica Eko 20 3 

Hungary Kazincbarcika Borsodchem 400 

Netherlands Botlek Shin-Etsu 620 

Norway Rafnes Ineos ChlorVinyls 520 

Poland Wloclawek Anwil 300 

Romania Ramnicu Valcea Oltchim 170 

Slovakia Novaky Novacke 90 4 

Spain Vila-Seca Ercros 200 

Spain Martorell SolVin 270 

Sweden Stenungsund Ineos Vinyls 150 

UK Runcorn (shut down) Ineos Vinyls(VCM closed) 600 2 
1: Unless otherwise mentioned, capacity relates to VCM. 
2: Capacity of EDC production 
3: Closed 
4 Partly by acetylene process 
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The European Council of Vinyl Manufacturers (ECVM) represents the majority of the European 

production of EDC/VCM. The main licensors for these processes are: OxyVinyls, Ineos, ICI, 

Solvay, KemOne, PPG, Mitsui and Tosoh. Ineos is the leading provider (formerly EVC & ICI) 

with over 125 licensed facilities in the world producing over 21 million tonnes, with a further 3 

million tonnes of capacity under design or construction. Uhde/Vinnolit also offers an 

EDC/VCM/PVC process; their oxychlorination technology uses a fluid bed catalyst. Aker 

Solutions (now part of Jacobs) offer Oxyvinyls EDC/VCM technologies and Arkema (now Kem 

One) PVC.  

 

EDC/VCM plants generally have large capacities and are highly automated. The total costs of 

EDC/VCM production vary with both ethylene and chlorine costs and this represents a partial 

decoupling from the petrochemical business cycle. However, EDC, VCM and PVC are 

commodity products, in a strongly competitive market. 

 

Key Environmental Issues 

 

The principal environmental emissions are to air from the VCM process. They are generated in 

the direct chlorination and oxychlorination reactions, purification stages and EDC cracking 

furnaces. These emissions are of concern to the environment as they include dioxins, 

halogenated compounds and HCl; although Cl2 is seldom emitted. There are also emissions to 

air from storage and fugitives of VOCs and halogenated compounds. There is normally a shared 

vent treatment unit to abate emissions at the end of the pipe. The aqueous effluents generated in 

different process units are managed collectively and normally pretreated at the VCM plant, prior 

to discharge to a common WWT unit. This stream normally contains EDC, VCM, dioxins and 

suspended solids, such as copper-related compounds. Coke, catalyst and sludge are generated as 

solid waste. Other liquid streams generated by the process are seldom of commercial value and 

so are normally incinerated. The environmental protection techniques are described later in this 

chapter. 
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16.2 Applied processes and techniques 
 

16.2.1 Process options 
 

The principal options for the production of EDC are: 

 

 direct chlorination of ethylene in the liquid phase; 

 oxychlorination of ethylene in the gas phase. 

 

Both of these options are commonly applied and are described in detail in the subsequent 

sections of this chapter. The oxychlorination of ethylene in the liquid phase is now considered 

obsolete. 

 

The principal options for the production of VCM are: 

 

 thermal cracking of EDC; 

 catalytic cracking of EDC. 

 

Of these, the most commonly applied process is thermal cracking and this is the only process 

described in detail in the subsequent sections of this chapter. Catalytic cracking of EDC is 

currently not used in Europe. 

 

There are other processing routes that could offer certain benefits compared to the above, but 

none of these are currently operated on a large scale because of their drawbacks: e.g. direct 

chlorination of ethane, chlorohydrin/oxirane by-products, laser-induced EDC cracking, 

hydrochlorination of ethylene, hydrochlorination of acetylene (which is an energy-intensive 

process used in many Chinese plants because of the availability of cheap coal), 

hydrochlorination of cracked gases, and single step VCM from ethylene. 

 

A new process technology based on ethane rather than ethylene feedstock was tested on a 

1 000 t/yr pilot plant at Wilhelmshaven, Germany in 1998. But, to date, no commercial 

industrial manufacture has yet been undertaken. 

 

16.2.2 Key process step 
 

In the ethylene-based process, EDC is synthesised by the chlorination of ethylene (known as 

direct chlorination) or by the chlorination of ethylene with HCl and oxygen (known as 

oxychlorination). Thermal cracking of dry, pure EDC then produces VCM and HCl. When all 

the HCl generated in the EDC cracking process is reused in the oxychlorination section, and no 

EDC or HCl is imported or exported, then the VCM plant is called a ‘balanced unit’. 

Approximately 90 % of the plants in the world are balanced units. The reactions are represented 

by the formulae: 

 

 chlorination:   C2H4 + Cl2 -> C2H4Cl2 (EDC)        (-180 kJ/mol); 

 cracking:   C2H4Cl2  -> CH2CHCl (VCM) + HCl      (+71 kJ/mol); 

 oxychlorination:  C2H4 + 1/2O2 + 2HCl -> C2H4Cl2 (EDC) + H2O  (-239 kJ/mol). 

 

The basic steps of a balanced plant are as follows. 

 

Direct chlorination (DC): the ethylene and chlorine reaction takes place to manufacture EDC. 

The reaction takes place in the liquid phase in the presence of a catalyst. In the EU, 

approximately half the plants operate with a low temperature DC design and the rest operate 

with a high temperature approach. 
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Oxychlorination (OC): uses the recycled hydrogen chloride (from the VCM purification unit) to 

react with ethylene in the presence of oxygen or air. Most EU installations use the fluidised bed 

reactor and oxygen instead of air. This reaction has lower selectivity than DC. 

 

EDC purification: Both EDC manufacturing units (DC and OC) send their output to an EDC 

purification stage. EDC needs (in many plant designs) to be purified prior to cracking. By-

products are withdrawn at this step. 

 

EDC cracking: EDC is converted into VCM in large furnaces. Some plants require several 

furnaces. Most plants in the EU use natural gas as fuel although a few supplement this with 

hydrogen-rich fuel gas. A catalyst is not used in the EU, but initiators can be used. 

 

VCM purification: HCl and EDC are recovered during the purification of VCM product. 

 

Auxiliary systems: these systems (such as incinerators and scrubbers) are key assets used to 

reduce the environmental impact of the process. No EU plant operates its own catalyst 

regenerator system. Most EU plants share a waste water and waste gas system with upstream 

(chlor-alkali) and/or downstream (PVC) plants. This causes difficulties for deriving ELVs as 

emissions from different plants are not always comparable. 

 

16.2.3 Other than normal operating conditions 
 

16.2.3.1 Specific other than normal operating conditions 
 

The following operations deviate from stable and normal operating conditions: 

 

 shared vent treatment unit or systems (e.g. incineration) are out of operation; 

 catalyst end-of-life/catalyst loss of fluidisation; 

 decoking of furnace; 

 coke filter cleaning; 

 leak due to corrosion: on an EDC/VCM plant there are several important equipment 

items (e.g. reactor, columns and pipes) that operate under a combination of humidity 

and high acidity; 

 leak to vacuum in purification; 

 equipment fouling. 

 

16.2.3.2 Generic other than normal operating conditions 
 

The following operations deviate from standard operating procedures in EDC/VCM plants. 

 

 Routine start-up: this operating condition may last from a few hours to several days. 

The plant may be in start-up mode for between 1 and 20 days per year. 

 Shutdown for maintenance: equipment flushing, higher load to WWT, potential 

emission to surface water (rainwater) header. Plants may be in this mode from 1 to 10 

days per year. 

 Idle. Unplanned partial stoppage. 

 Malfunction/shortage of cooling water and/or chilled water and/or other utilities. 

 Low plant rate due to force majeure. (These are problems with the final product 

consumption or raw material supply.) 

 

See the Generic Chapter in the LVOC BREF. 

 

16.2.4 Equipment important for environmental protection 
 

The following systems perform critical operations in environmental protection (for many 

process designs) and should have the longest uptime possible: 
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 shared vent gas treatment; gaseous HCl emergency scrubber; 

 shared liquid incinerator; waste water stripper; shared chlorinated organic treatment; 

 other: sludge separation; solid incinerator or kiln (normally subcontracted). 
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16.3 Current emission and consumption levels 
 

The principal environmental emissions are to air from the VCM process. They are generated in 

the direct chlorination and oxychlorination reactions, purification stages and EDC cracking 

furnaces. These emissions are of concern to the environment as they include dioxins, 

halogenated compounds and HCl, although Cl2 is seldom emitted. There are also emissions to 

air from storage and fugitives of VOCs and halogenated compounds. There is normally a shared 

vent treatment unit to abate emissions at the end of the pipe. The aqueous effluents generated in 

different process units are managed collectively and normally pretreated at the VCM plant, prior 

to discharge to a common WWT unit. This stream normally contains EDC, VCM, dioxins and 

suspended solids, such as copper-related compounds. Coke, catalyst and sludge are generated as 

solid waste. Other liquid streams generated by the process are seldom of commercial value and 

so are normally incinerated. The environmental protection techniques are described in the 

following chapters. 

 

The VCM manufacturing plant involves several steps. Error! Reference source not found. is a 

block flow diagram of one of several possible layouts. It shows the main emission streams from 

this industrial chemical process. 

 

 

Figure 16.1: Block flow diagram of a VCM manufacturing process 

 

16.3.1 Emissions to air 
 

16.3.1.1 Emissions from direct chlorination 
 

The DC reaction takes places at 50–120 ºC and 0–5 barg, and achieves close to 100 % 

conversion and about 99 % selectivity. Both high and low temperature process options generate 

residues (impurities and iron catalyst), and an overhead off-gas vent that has to be treated prior 

to emission to the atmosphere. 

 

Composition: the vent contains inert gases (from the chlorine feed or from their intentional 

addition for safety purposes and to suppress by-product formation) that are partly saturated with 

EDC and contain traces of excess ethylene, chlorine and HCl from the reaction, along with 

some unreacted impurities from the ethylene and chlorine feed. These compounds include: 

EDC, ethylene, VCM, HCl, CO, PCDD/DF and traces of other halogenated hydrocarbons. 
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Amount: the direct chlorination process normally (depending on the raw materials) produces 

lower hydrocarbon emissions than the oxychlorination process and only small emissions of 

vinyl chloride. It has been reported that the amount of ethylene and ethyl chloride emissions are 

0.25 kg/100 kg of VCM produced and 0.16 kg/100 kg of VCM produced respectively (amounts 

vary depending on process option) in approximately 10 kg of vent gases per tonne of VCM 

manufactured. (Source: "Material balance: 1,2-dichloroethane"; 1980; US Environmental 

Protection Agency). 

 

Only one installation reported (in the BREF review data collection process) a dedicated 

incinerator for this individual stream. The values reported for TOC, VOC, EDC and VCM are 

below detection limit (0.1 mg/Nm
3
) 

 

Process-integrated techniques: normally all the vents are collected and fed to a shared 

incinerator and/or catalytic treatment unit or used as a feed to another process in order to 

recover excess ethylene or by-products. The majority of installations reported (BREF review 

data collection) the inclusion of an entrainment avoidance device (such as KO drum, demister), 

a cooling water condenser and a chilled water condenser prior to incineration. 

 

Monitoring: most plants have a sampling/measuring point at the shared end-of-pipe device. 

Only 20–25 % of plants have data for individual streams, and even then only for a few key 

pollutants.  

 

Example of monitoring: in Spain, HCl is measured by UNE EN1911.2; Cl2 by EPA 26A; 

dioxins by EPA 23; NDIR and paramagnet are used (e.g. Ultramat or Oxymat from Siemens). 

FID DIN EN 12619 GC/FID calibration with certified test gas detection limits: 0.1 mg/Nm³. 

 

16.3.1.2 Emissions from oxychlorination 
 

The oxychlorination unit operates in parallel to direct chlorination to use the recovered HCl 

stream from EDC cracking. After the reaction of ethylene and HCl in the presence of oxygen, a 

washing section and a drying unit normally follow. The reaction is much less selective than DC 

and produces lighter compounds, which are exhausted to overhead vents in the washing area. 

 

The reaction takes place at 220–250 ºC (although fixed beds can operate at up to 300 ºC) and 2–

7 barg, and achieves 98–99 % conversion and 93–98 % selectivity. Other than normal operating 

conditions that need to be taken into account when permitting include the explosion risk due to 

the higher O2 content at these elevated temperatures. 

 

The main by-products of this section are chloroform, tetrachloromethane, and 1,1,2-

trichloroethane. Depending on the process, trichloroethene and tertachloroethene may be present 

as well. 

 

Pollutants include: 1,1,2-trichloroethane, chloroform, carbon tetrachloride, chloral. Chloral is 

decomposed in caustic conditions into chloroform and Na formate. 

 

Amount: the average emission level from the oxychlorination process is approximately 

0.0364 kg/100 kg of EDC produced, the majority of which comes from the oxychlorination 

process vent gas. Significant quantities of chlorinated hydrocarbons are also present in the vent 

gas.  

 

Process-integrated techniques: normally all these vents are collected and fed to a shared 

incinerator and/or catalytic treatment unit. The majority of installations have reported (BREF 

review data collection) the inclusion of an entrainment avoidance device (such as KO drum, 

demister), a cooling water condenser and a chilled water condenser prior to incineration. Hence, 

no emissions are reported other than those from the end-of-pipe abatement systems and, in a few 

cases, from storage and logistics. 
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Monitoring: most plants have a sampling/measuring point at the shared end-of-pipe device. 

 

16.3.1.3 Emissions from cracker furnaces 
 

EDC dehydrochlorination takes place in the vapour phase at temperatures of around 500 ºC. 

This section refers to the combustion side of the EDC cracking unit. The process side is 

channelled to the downstream purification unit and addressed in the section ʻemissions from 

distillation systemsʼ. Flue-gas from natural gas (and maybe hydrogen) combustion in the EDC 

cracking furnace contains no chlorinated compounds, only NOX, SOX and COX, as well as 

nitrogen and residual oxygen. 

 

Process-integrated techniques: the oxygen content is actively monitored to determine the 

combustion efficiency. Controls are done on fuel composition. Selective catalytic reduction 

(SCR) is seldom used. 

 
Table 16.2: Emissions to air from EDC crackers  

Compound Emission range 

(min-max) 

(mg/Nm
3
, dry, 3 % 

oxygen) 

Monitoring 

frequency 

Analytical method 

NOX 30–230 Periodic Chemiluminescence; 

EN 14792 

CO 0.3–459 Periodic EN 15058 

SO2 0.3–10 Periodic EN 14791 

PM 0.3–5 Periodic EN 13284 

VOC 0.2–181 Periodic  

N.B. (
1
) Source: BREF review data collection via questionnaires 

(
2
) Sampling: ISO10396 (1993), NO and NO2: ISO 10849 (1996) 

 

The questionnaires revealed the frequencies on monitoring shown in Error! Reference source 

not found.. 

 
Table 16.3: Monitoring frequencies 

Pollutant 
Frequency Avg. period sampling time 

Max. Min. Max. Min. Min. Max. 

NOX 4/yr 1-4yr 30 min 24h 3*30 min 360 min 

O2 cont 4/yr     

PM 1/yr none 

(nat gas) 

30 min 120 min 30 min 60 min 

SO2 2/yr none 

(nat gas) 

30 min 120 min 30 min 120 min 

 

16.3.1.4 Emissions from decoking 
 

This is an 'other than normal' operating condition and the techniques and measures to reduce its 

impact will be grouped at the end of Section 4 of this chapter. Dust is emitted from decoking the 

furnaces. No monitoring is in place to determine the amount or the composition of this emission 

stream. 

 

CO emissions to air: the CO level will depend on the relative airflow rate. As this has to be 

restricted/optimised during the early part of the decoking process (in order to avoid generating 

too much heat and damaging the tubes), the CO level is likely to be highest at the start of the 

decoking. The ability to allow more air into the process as the decoking progresses means that 

CO levels could be very low by the end of the cycle. Sand jetting the tubes before decoking 

reduces the amount of coke and hence the amount of CO emitted. 
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16.3.1.5 Emissions from distillation systems 
 

The process to manufacture VCM includes a number of distillation operations. In each, there is 

a net emission from the overhead section. There are at least three systems that may generate this 

type of emission to air.  

 

 EDC purification column train downstream of the reaction section: where EDC 

intermediate is purified from light and heavy impurities. Both reaction sections (direct 

chlorination and oxychlorination) feed this fractionation unit with unpurified EDC, and 

impurities from cracking will be recycled in the EDC product stream.  

 The stripper that recovers EDC from several aqueous effluents; this might also be 

connected to the shared overhead system. 

 The VCM purification train, which will also generate some net emission vents. 

 

Composition: major by-products of EDC pyrolysis will be present in this vent stream 

(acetylene, benzene, 1-3 butadiene, vinyl acetylene, chloroprene EDC, VCM, trichloromethane, 

tetrachloromethane). 

 

a) EDC (1,2- and 1,1-dichloroethylene, 1,1-dichloroethane) is expected in the overheads 

since distillation columns will not have 100 % separation efficiency.  

 

b) Impurities such as ethylene, acetylene, vinylacetylene, 1,3-butadiene, 2-chloro- 1,3-

butadiene, benzene, chlorobenzene, 1,1,1- and 1,1,2-trichloroethane, methyl and 

methylene chloride, chloroform, and tetrachloromethane will also be present. 

 

c) VCM, HCl – process-integrated techniques. The information gathered in the LVOC 

BREF review data collection exercise reveals that none of the installations send this 

vent directly to atmosphere or to flare. Three installations have a tail condenser prior to 

release and 21 instillations channel this vent to the shared vent treatment section. 

 

 

16.3.1.6 Emissions from shared end-of-pipe abatement systems 
 

A shared gas treatment unit is normally in place because the plant will have various sources of 

emissions to air. Some of the streams channelled to this shared device may have undergone a 

treatment at source or an individual reduction of emissions. As the overall stream will have a 

wide range of pollutants, a multistage system will normally be applied: this can include an 

incinerator, absorber, scrubber, electrostatic filter precipitator, vent gases chlorination and/or 

oxychlorination, chillers, neutralisation, active coal absorption, and catalytic oxidiser. 

 

The sources of those streams sent to the shared abatement systems include the following. 

 

a) Vent gas from the process vents not connected to other treatment systems: the overhead 

vent of DC, the reaction vent (post washed) stream coming from the OC section, and if 

air is used as a raw material the flow rate might be large (more relevant for HTC). The 

location of the vent stream is dependent on the connection with the distillation column. 

If LTC is selected, a vent is located at the decanter upstream of the EDC purification 

system. Light ends from the EDC columns may also be sent to this system.  

 

b) Auxiliary systems (e.g. low pressure storage, waste water systems, product recovery or 

rotary kilns, back-pressure-sensitive analysers, and vents with emissions below national 

mass emission limits). 

 

c) Different streams from all units in the EDC/VCM plant may be sent to an air treatment 

system.  

 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 16 

620 April 2014 SH/TS/EIPPCB/LVOC Draft 1 

d) In some cases, abatement systems (liquid incinerators) may send their vents to a second 

line of defence/abatement (vent gas treatments). This has been confirmed in the BREF 

review data collection process. 

 

Note that halogenated and chlorinated compounds arrive to the incinerator, and this leads to de 

novo generation of dioxins. 

 

Composition: the evacuated/vented gases may be treated in combination with two or more 

exhaust gases, including those from other processes. It might therefore be difficult to attribute 

specific emissions to this process. The compounds that may be present in the outlet are: 

ethylene, EDC, carbon tetrachloride, CHCl3, dichloromethane, C2HCl3, C2H2, VCM, C2HCl3O, 

vinyl acetylene, chloroethane, COX, SOX, NOX, Cl2 or HCl. 

 
Table 16.4: Emission values from end-of-pipe device  

Pollutant Min Max Unit 

VCM 0 3.7 (mg/Nm
3
) 

EDC 0.0015 3.5 (mg/Nm
3
) 

Ethylene 0 22.58 (mg/Nm
3
) 

HCl 0.075 28.81 (mg/Nm
3
) 

Dioxins 0.0002 0.121 (ng TEQ/m
3
) 

Cl2 0.0069 18.11 (mg/Nm
3
) 

CH4 0.1 58.42 (mg/Nm
3
) 

PCBs NA NA (mg/Nm
3
) 

NOX 0.2 98.3 (mg/Nm
3
) 

COX 0.048 68(
2
) (mg/Nm

3
) 

SOX 0.01 3.69 (mg/Nm
3
) 

Total VOCs 0.09 66.21 (mg/Nm
3
) 

N.B. (1) Source: BREF review data collection via questionnaires 

(2) Some installations included CO2, which generated outliers: e.g. 333.786 

 

Monitoring of stack emissions includes: 

 

a) continuous online instrumental monitoring of O2 and CO for thermal/catalytic oxidisers 

(normal operation with excess air will avoid CO presence); 

b) sampling at intervals for C2H4, VCM, EDC, Cl2, HCl and dioxins. 

 
Table 16.5: Monitoring frequencies at end-of-pipe device  

Pollutant higher lower normal 

VCM contin. 1/year monthly 

EDC contin. 1/year monthly 

Ethylene contin. 1/year monthly 

HCL contin. 1/year monthly 

Dioxins 2/year 1/year 1/year 

Cl2 contin. 1/year monthly 

CH4 contin. not measured monthly 

PCBs yearly not measured yearly 

NOX contin. 1/year monthly 

COX contin. 1/year monthly 

SOX contin. 1/year monthly 

VOCs contin. 1/year monthly 

Source: BREF review data collection via questionnaires 
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Table 16.6: Analytical methods  

VCM EN13649:2001 Sampling, GC-FID analysis 

EDC EN13649:2001 Sampling, GC-FID analysis 

Ethylene EN13649:2001 Sampling, GC-FID analysis 

HCL EN 1911:2010 

Dioxins (TEQ) EN 1948 part 1 to 3:2006 

Cl2 No EN standard but mentioned in EN 1911 

CH4 EN 13526:2001 

EN 12619:1999 

EN 12619:2013 

PCBs EN 1948 parts 1 to 3 and  

part 4:2010 dioxin-like PCB 

NOX EN 14792:2005 

COX No EN standard for CO2 

CO: EN 15058:2006 

SOX EN 14791:2005 

Total VOCs EN 13526:2001 
Source: BREF review data collection via questionnaires 

 

Measurements standardised at: 273 ºK, 101.3 KPa and 11 % oxygen dry gas. 

Special attention must be paid to the potential of ex novo formation of dioxins in these types of 

systems. See the CWW BREF. 

 

16.3.1.7 Other sources of emissions to air 
 

a) Emissions of VOCs to air from WWT 

 

These diffuse emissions arise due to the high volatility of some compounds such as EDC. This 

occurs particularly in aerated sludge treatment. The normal practice is to strip EDC before 

sludge treatment to reduce these emissions. The plants seldom have quantification in place but 

estimates can be made based on VOCs (e.g. EDC) data at a WWT mass balance. 

 

b) Emissions of OC catalyst to air  

 

This is avoided by the use of process-integrated techniques such as cyclones (proven by BREF 

review questionnaires). Catalyst is washed out and captured in the quench section and treated in 

the waste water system. Other avoidance techniques are mentioned in literature but are not fully 

tested on a large scale; for instance additives in the oxychlorination reaction may reduce Cu 

losses (to overhead and later to waste water). 

 

c) Dioxins from rotary kiln flue-gas 

 

This device is not always used in VCM installations. This flue-gas can be channelled to an end-

of-pipe abatement device. (Source: "EVC: environmental report 2000"; 2000; European Vinyls 

Corporation). 

 

The questionnaires (BREF review data collection process) confirm: 

 

 the absence of a kiln for catalyst treatment; 

 the presence of kilns; e.g. in coke incineration or to remove dioxins from sludge. 

 

d) Emissions from by-product recovery 

 

Liquid by-products formed in the VCM process can be further treated in an oxidation process 

above 1 200 ºC (this is incineration of liquid waste with material recovery while section 16.3.1.6 

refers to incineration of gases). The products of this process are CO2, H2O, HCl, and energy for 

steam. The vents and flue-gases can also be channelled to an end-of-pipe abatement device.  
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The questionnaire for the LVOC BREF review shows that, in the EU: 

 

 eight installations use in situ liquid incineration to recover HCl; 

 two installations have ex situ liquid incineration; 

 four of them reported that the vents from this liquid incinerator are channelled to the 

shared vent treatment unit; 

 one installation reported that the liquid incinerator is integrated into the shared vent 

treatment unit; 

 other plants reported that the vents are channelled to OC reactor. 

 

e) VOC emissions from fugitive emissions 

 

Fugitive emissions to air are relevant because there are many assets and process pipes that work 

under pressure. The European industry developed a specific measurement methodology and 

implemented a monitoring programme. See the CWW BREF for details (CEN has a standard for 

process-related fugitive emissions and is developing another one for storage- and transportation-

related emissions). 

 

Monitoring: current practices in the VCM plants on fugitive emission concentrations include the 

following.  

 

 Continuous, online instrumental monitoring of VCM and EDC at numerous (e.g. 10 or 

20) points in the plant airspace (GC). Up to 50 points per plant (safety detectors). 

 Spot checks of VCM and EDC, with hand-held instruments, to detect leaks. Up to 5 000 

checks per year (depending on LDAR programme). 

 Personal monitors (e.g. activated carbon buttons) for VCM and EDC. Up to 150 per 

year. 

 

The measurement of mass emissions from fugitive sources is difficult, but the use of reference 

values can give a useful indication of the level of emissions for comparison with emissions from 

other sources. Volatile chlorinated hydrocarbons from fugitive sources are < 5 kg/h.  

 
Table 16.7: Estimated fugitive emissions of various pollutants  

Pollutant Min (g/t of VCM) Max (g/t of VCM) 

EDC 0.01 93 

VCM 0.01 93 

Dioxins No data 
N.B. (1) Source: BREF review data collection 

 

Monitoring methods in place: EPA-453/R-95-017; HRGC-HRMS/GC-FID; ECVM 2004 

method on sniffing; photo ionisation. See the CWW BREF on fugitive emissions. 

 

f) VOC emissions from storage 

 

Tanks and other storage assets are used for raw materials, consumables, end-products and 

intermediates. These are typically atmospheric storage tanks. These tanks can be far apart in the 

plant layout in order to share an abatement technique with the main process streams. Tank vent 

gases are, in some cases, partially recovered by condensation (chilled water), and non-

condensable gases are incinerated. Other processes use storage tanks blanketed with nitrogen, 

where vent gases are sent to the atmosphere or to an absorption column to remove 

hydrocarbons. See the EFS BREF. 

 

Composition: raw materials, products and co-products. 

 

Monitoring: kg emitted per tonne of product or kg emitted per year. 

 

f) Other emissions from combustion processes 
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Besides the EDC cracker mentioned in previous chapters, there will be other energy generating 

assets. Steam boilers or hot oil furnaces that supply heating fluid utilities can be dedicated to a 

VCM plant or shared with nearby installations. These may also include the combustion of non-

conventional (non-commercial) fuel, such as the tar stream generated in a fractionation section. 

See the LCP BREF. 

 

Composition: SOX, NOX, COX, dust, etc.  

 

Amount: some public data available, such as from Ecoprofiles. 

 

Other than normal operating conditions: dust emitted in shut blowing. 

 

16.3.2 Emissions to water 
 

Most VCM plants do not treat aqueous streams separately. As the CWW BREF addresses the 

common water treatment steps downstream, the boundary between BREFs is set after the 

stripper that recovers VOCs. The LVOC BREF covers the stripper and upstream pretreatments. 

This includes the removal of solids after stripping. 

 

This chapter is somewhat an exception for the LVOC BREF criteria on effluent; the reason 

being that for this process certain pretreatment techniques are the only minimisation tool for the 

direct emission values (measured only) downstream of the WWT unit. PCCD/F in particular is 

measured after the final treatment, as specified in the previous BREF. So even if measurements 

after final treatment (three-step WWT unit ending with bioreactors) are shifted to the CWW 

BREF, we would suggest keeping this very specific parameter in the scope of the LVOC BREF, 

but specifying that it is measured after final treatment. 

 

As shown in previous chapters (e.g. VCM block flow diagram), the effluents are collected and 

treated at source; first to recover some VOCs (stripping) and then to reduce the WWT unit 

workload. 

 
Table 16.8: Composition after stripper  

Pollutant Emission range Monitoring 

Chlorinated HC (g/t of EDC) < 0.7 (2) ISO10.301 (GC) 

EDC (mg/l) 0.03–1.47 

VCM (mg/l) 0.001–0.5 

N.B. (
1
) Source: [BREF review data collection via questionnaires] 

(
2
) Source: Ospar decision 98/4 

 

 
Table 16.9: Composition after final treatment 

Compound Emission range Method Frequency Unit 

EDC 0.01–0.6 GC Daily-weekly (mg/l) 

VCM 0.005–0.1 GC Daily-weekly (mg/l) 

Dioxins (TEQ) 0.02–22.5  EN 1948 Monthly-yearly (ng/l) 

TSS 6–100  Daily-weekly (mg/l) 

Copper 0.001–0.7 (
2
) ISO 8288 Daily-yearly (mg/l) 

pH 7–11 ISO 10523 Cont.-weekly (mg/l) 

COD 30–600 ISO 6060 Daily-weekly (mg/l) 
N.B. (1) Source: BREF review data collection via questionnaires 

(2) In installations with fixed bed OC, the range was 0.006–0.09 

 

Amount: approximately 2 kg of water effluent per kg VCM produced. This means that flow 

typically ranges from 20 m
3
/h to 40 m

3
/h.  

 

The sources: integrated VCM/EDC units may have the following sources of aqueous liquid 

waste effluents sent to the WWT pretreatment-related washing/scrubbing operations. 
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 OC reaction section: water is a product of that reaction, and water effluent is also a 

result of the post-reaction quench. Two streams result: one richer in HCl and the other 

in NaOH. The caustic stream can be used in the quench column. 

 DC reaction section: water effluent is a result of the post-reaction washing (when 

existing). The OC stream may be used for the acid washing, hence only alkali washing 

is adding to the stream. 

 Incinerator (shared auxiliary system) exhaust gases are washed to remove HCl. 

Aqueous effluent can be generated by the scrubber or the adsorber/absorber associated 

with the incinerator. 

 EDC purification: azeotropic drying column. 

 

Expected pollutants: ethylene, EDC, VCM, HCl, Cl2, VOCs, other volatile chlorinated 

hydrocarbons and non-volatile chlorinated material (chloral hydrate or chloroethanol), NaOH, 

organic compounds (such as sodium formate, glycol and chloroform), copper catalyst (when 

oxychlorination uses fluidised bed technology), dioxins and PCB (PCDD-PCDF, mainly PCDF) 

components with a strong affinity to catalyst particulates, in the case of fluidised bed 

technology. 

 

16.3.3 Raw material consumption 
 

In a balanced unit, the only raw material requirements are ethylene, air (or oxygen) and 

chlorine. These are generally supplied by pipeline from nearby production facilities. An 

unbalanced unit will have the same ethylene and chlorine requirements, but may also need to 

import or export gaseous hydrochloric acid and EDC. This is shown in the table below. 

 
Table 16.10: Usages of a VCM plant  

Raw Material (kg/kg VCM) 

Ethylene 0.46 

Chlorine 0.58 

Selectivities 93–96 % 

Air 0.73 

Oxygen 0.13 

Hydrogen (
1
) 

N.B. (1) Usage depends on process design 

(2) Source: Questionnaires (BREF review), Cefic, process licence 

 

The main causes of raw material losses are low catalyst selectivity, suboptimal operating 

conditions and/or raw material impurities. The EDC purification columns' trains are 

downstream of the reaction section, where EDC intermediate is purified from light and heavy 

impurities. Reducing by-product formation is then the key for lower usages. Some examples of 

these by-products in ethylene oxychlorination are: monochloroethane, formed by direct HCl 

addition to ethylene; 1,1,2-trichloroethane formed by substitution chlorination of EDC or 

chlorine addition to VCM; 1,1-dichloroethane formed by the addition of HCl to VCM; and other 

cracked or substitution products such as 1,1-dichloroethylene, cis- and trans-1,2-

dichloroethylene, trichloroethylene and tetrachloroethanes. Because oxygen is present, 

additional oxidation products such as acetaldehyde and its chlorinated derivatives, primarily 

trichloroacetaldehyde (chloral), are found in the reactor effluent. Oxirane (ethylene oxide) and 

glycols may also be formed in oxychlorination. 

 

The ethylene feed is partially consumed, especially at higher temperatures, by deep oxidation to 

yield carbon oxides (CO, CO2) and formic acid. Major by-products such as chloroethane and 

1,1,2-trichloroethane are seldom recovered and sold, or used as feedstock for other chlorinated 

hydrocarbon (CHC) processes, such as 1,1-dichloroethylene production. 

 

Chlorine usage: dry, compressed chlorine is required and, depending on site-specific factors, 

this may derive from cell-room tail gas (containing O2, H2, N2, and CO2 inerts) or may be 
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revaporised from liquid chlorine. The choice will depend upon the operational basis of the chlor 

-alkali and the VCM plant.  

 

Other materials that are used in this type of plant are given below. 

 

 Process water, to wash the crude EDC from direct chlorination (low temperature 

chlorination) and, in some processes, also used as scrubbing water for oxychlorination. 

 Sodium hydroxide, to wash the crude EDC from direct chlorination (low temperature 

only); scrub the oxychlorination reactor off-gas, and to remove the trace acidity from 

the distilled VCM. 

 Anhydrous ferric chloride catalyst, in the direct chlorination reactor. 

 Oxychlorination catalyst (e.g. based on copper chloride), to replace the continuous 

catalyst lost in the fluid bed process, and as a complete replacement of the catalyst 

charge in the fixed bed process. Catalyst usage for OC reaction: catalyst particulates 

will be entrained in the reaction outlet stream. 

 Organic solvent, to remove EDC from the oxychlorination off-gas after condensation. 

 Hydrogen and hydrogenation catalyst to hydrogenate trace acetylene. 

 Hydrochloric acid solution in certain ‘low temperature chlorination’ processes to 

remove ferric chloride from crude EDC. 

 Safety water, to scrub the hydrochloric acid from cracking when the oxychlorination 

section is not fully operational, or is shut down. 

 Anti-fouling agents for some boilers. 

 Nitrogen, for inerting. 

 Air, or air/steam mixtures, for EDC cracking furnace decoking. 

 Steam or air, for direct injection into the waste water stripper. 

 

16.3.4 Energy consumption 
 

The rate and type of energy usage of the plant will largely depend on the process design. 

Regional or local variation in energy costs may lead to process changes in order to improve the 

margins of the operating costs. 

 
Table 16.11: Energy usage in a VCM plant  

Energy (unit) Min Max 

Steam (GJ/t) 0.3 1.7 

Fuel (GJ/t) 3.4 4.2 

Total electrical (MWH/t)(
2
) 0.11 0.21 

N.B. (
1
) Source: BREF review data collection process 

(
2
) Oxygen-based OC has lower electrical energy consumption 

(
3
) 1.6 MWH = 5.76 GJ. A benchmarking carried out for ETS compensation found that the worst performing EU 

plant had a total energy consumption of 8 GJ/t VMC 

 

a) Energy consumed in fractionation operations 

 

There are several distillation operations used to purify EDC or VCM and to remove VOC from 

water effluents. See the generic Chapter of the LVOC BREF. 

 

b) Energy usage on compressors 

 

Compressors are used to feed raw materials to the oxychlorination reactions. See the Generic 

Chapter of the LVOC BREF. 

 

c) Energy recovered from process heat  

 

Data from questionnaires on OC section indicates energy recovery of: (0.43–3.5 GJ/t). 
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The direct chlorination and oxychlorination reactions are highly exothermic. However, the EDC 

cracking process is an endothermic reaction, and the EDC and VCM separations are energy 

(steam) consumers. This provides opportunities for energy recovery and reuse. Though highly 

dependent on the unit design and on the process integration inside the overall chemical facility, 

some common practices in EDC/VCM units are: 

 

 heat recovery from the furnace combustion gases; 

 heat recovery from the process gas leaving the cracking furnace; 

 steam generation in the oxychlorination reactor; 

 in the case of ‘high temperature chlorination’, the low level heat of reaction is used to 

vaporise/distil the EDC, and/or to boil some distillation columns; 

 heat recovery from the gaseous vents' thermal or catalytic oxidiser. 

 

See the Generic Chapter of the LVOC BREF. 

 

16.3.5 Water consumption 
 

The process does not consume water as a main raw material, but as a consumable, in the 

following activities: 

 

• DC: overhead vent scrubber (if present); 

• DC: EDC decanter caustic wash; 

• EDC purification washing in LTC process; 

• OC post reaction washing; 

• VCM final products scrubbing. 

 

There are several auxiliary uses of process water, mainly in caustic solution to remove HCl. 

 

16.3.6 Co-products, by-products and waste generation 
 

VCM plants generate several waste streams. 

 

Spent oxychlorination catalyst with dioxins: the values reported in the BREF review 

questionnaires were: 12–170 g/t of VCM. Spent oxychlorination catalyst (copper) is removed 

either continuously (by the entrainment of fines in fluid bed reactors) or periodically (when 

replacing exhausted fixed bed reactors). Small quantities of heavy chlorinated organics (e.g. 

dioxins) are adsorbed onto the waste catalyst and this determines the disposal route (usually 

incineration or landfill).  

 

Catalyst from EDC cracking: the majority of plants use the pure thermal EDC cracker process, 

but some use EDC catalytic dehydrochlorination. As catalyst removal is very time-consuming, 

shutdown periods are considerably longer for catalytic furnaces and additionally the catalyst is 

an extra cost factor, so pure thermal cracking is usually more economical process. 

 

Coke from EDC cracking: the values reported in the BREF review questionnaires were: 20–

300 g/t of VCM. Coke is formed by the thermal cracking of EDC and will contain residual 

chlorinated hydrocarbons (but is free of PCDD/F). Coke is removed from the cracked gas with 

liquid EDC in a quench column; the coke containing stream may then be filtered. It also arises 

from the decoking of the cracking section. The total amount arising is in the range of 0.1–0.2 

kg/t of VCM. Outlier from previous BREF: one plant reported a coke generation rate from the 

cracker alone (i.e. excluding the quench) of 0.006 kg/t VCM. 

 

Sludge from WWTU: the values reported in the BREF review questionnaires were: 0.07–2.1 

kg/t of VCM. If the waste has a low organo-halogenated compound content (typically less than 

1000 mg/kg dry matter), then disposal to a chemical waste landfill may occur. 

Light and heavy residues from fractionation/purification processes: the values reported in the 

BREF review questionnaires were: 20–62 kg/t of VCM (the majority below 30 kg/t of VCM). 
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Typically three times more heavies than lights: e.g. for lights production of 4.2 kg/t of VCM one 

would expect a heavies production around 13 kg/t VCM, and total by-products around 17 kg/t 

VCM.  

 

The by-products (residues) from the EDC/VCM production process include light and heavy 

fractions/EDC tars from the purification units. Residues are generally pure or mixed inorganic 

iron salts. Basically two types of residual streams are cut in the distillation columns. 

 

 Lights: ethyl chloride, dichloroethylene, chloroform and carbon tetrachloride. 

o Organic compounds in the light ends are mainly low-boiling hydrocarbons and 

chlorocarbons such as butane, butadiene, ethyl chloride, chloroform and carbon 

tetrachloride. 

 Heavies: trichloroethane, tetrachloroethanes, chlorinated butanes. 

o 2-Chloro-1,3-butadiene (chloroprene) can form tarry polymerisation products, 

which plug the equipment when separated from 1,2-dichloroethane together 

with other light products. In some plants, this substance is nearly entirely 

chlorinated in the main DC reactor or in a separate chlorination reactor for 

recycled EDC. 

o Organic compounds in the heavy ends are primarily highly chlorinated 

chlorocarbons such as tetrachloroethane, trichloroethylene, perchloroethylene, 

chlorinated butanes and other relatively high-boiling liquids. These heavy end 

streams may also be distilled to recover high-boiling chlorinated solvents. 

 

VCM spent neutralisation agent: the final purification of VCM may involve the neutralisation of 

acidity using lime (caustic soda or alumina); this generates a spent agent waste. 

 

Other waste streams: 

 

 direct chlorination residues such as spent catalyst; 

 VCM purification: spent alkaline agent from the VCM neutralisation; 

 generic wastes from waste water treatment sludge, tank/vessel sludge and maintenance 

activities; 

 occasional wastes when organic by-products cannot be recovered or the hydrochloric 

acid solutions cannot be reused or sold. 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 16 

628 April 2014 SH/TS/EIPPCB/LVOC Draft 1 

16.4 Techniques to consider in the determination of BAT 
 

This section describes techniques (or combinations thereof), and associated monitoring, 

considered to have the potential for achieving a high level of environmental protection in the 

activities within the scope of this chapter. The techniques described will include both the 

technology used and the way in which the installations are designed, built, maintained, operated 

and decommissioned. 

 

It covers process-integrated techniques and end-of-pipe measures. Waste prevention and 

management, including waste minimisation and recycling procedures are also considered, as 

well as techniques that reduce the consumption of raw materials, water and energy by 

optimising use and reuse. The techniques described also cover measures used to prevent or to 

limit the environmental consequences of accidents and incidents, as well as site remediation 

measures. They also cover measures taken to prevent or reduce emissions under other than 

normal operating conditions (such as start-up and shutdown operations, leaks, malfunctions, 

momentary stoppages and the definitive cessation of operations). Cross references to other 

chapters are used, where relevant to avoid repetition. 

 

Annex III to the Directive lists a number of criteria for determining BAT, and the information 

within this chapter will address these considerations. As far as possible, the standard structure in 

Table 2.3 is used to outline the information on each technique, to enable a comparison of 

techniques and the assessment against the definition of BAT in the Directive. 

 

This chapter does not necessarily provide an exhaustive list of techniques which could be 

applied. Other techniques may exist, or may be developed, which could be considered in the 

determination of BAT for an individual installation.  

 

16.4.1 Techniques to reduce emissions to air 
 

16.4.1.1 Emissions from chlorination reactions 
 

The techniques to prevent or recover emissions generated in the reactors (OC or DC) are similar 

in nature. Every plant design will include process-integrated techniques that are mentioned in 

the previous chapters (such as cyclones, KO drums, and condensers.) The following tables 

summarise the information gathered in the LVOC BREF review data collection exercise. 

 
Table 16.12: Techniques applied in DC per number of installations 

 

Technique 

Number of Installations 

Apply Do not apply 

Entrainment avoidance 15 3 

CW condensers 17 4 

Chilled water/refrig. 20 1 

Individual incinerator 1(2)  
The rest use a shared oxidiser 

 

 
Table 16.13: Techniques applied in OC per number of installations 

 

Technique 

Number of Installations 

Apply Do not apply 

Pure oxygen feed 13 6 

Fluid bed 2 19 

Entrainment avoidance 19 1 

CW condensers 21 0 

Chilled water/refrig. 18 2 
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16.4.1.1.1 Chlorination and oxychlorination reaction process optimisation  

 

Description 

This is a group of process-related decisions (design and operational) that will lead to lower  

emissions to air generated from the reaction, and thus less load to be addressed by the gas 

recovery system downstream of the reaction section. 

 

Technical description 

Raw material specifications: ethylene purity: as in most industrial routes, impurities in feed will 

lead to impurities in the outlet streams. This is the case with the propane and propene content in 

particular, which should be controlled to minimise the formation of chloropropanes and 

chloropropenes, which are difficult to separate from 1,2-dichloroethane by distillation. If the 

plant is not balanced, the purity of EDC or HCl, as the case may be, is also important. 

 

Direct chlorination: A slight excess of chlorine (or ethylene) is preferred in order to ensure 

complete ethylene conversion. However, an unduly high excess ratio leads to a larger volume in 

the overhead section and this normally means higher emissions (for a given downstream 

abatement efficiency).  

 

Chlorine of the highest possible purity will be used to avoid formation of brominated by-

products. The formation of impurities involves the occurrence of radicals. For this reason small 

amounts of oxygen, often present in the chlorine produced by electrolysis, may increase the 

selectivity to EDC, by inhibiting the secondary reactions. 

 

The direct chlorination of ethylene may be carried out by: 

 

1. low-temperature chlorination (LTC); 

2. high-temperature chlorination (HTC). 

 

Process selection: the use of boiling reactors produces EDC in the vapour form and reduces the 

need to remove catalyst from the effluent and EDC product. The use of a catalyst with higher 

selectivity also has benefits. 

 

In LTC, the reactor is a simple gas–liquid contact column operating at temperatures between 

50 °C and 70 °C below the mixture boiling point. A lower temperature is advantageous for 

achieving higher selectivity, i.e. over 99 %. Depending on the process, a selectivity over 99 % 

can also be achieved with boiling reactors, i.e. in the high temperature chlorination process. 

 

Oxychlorination: the decisions to be taken in this process are:  

 

• Selecting oxygen feed versus air feed: the use of air leads to larger volumes to be 

treated in spent gas and more expensive, or less effective, abatement. 

• Use of fluidised catalyst bed: leads to a larger organic (and catalyst) load in the water 

treatment unit, but affords better temperature control (no hot spots), and thereby reduces 

the formation of by-products; the drawback is catalyst stickiness. 

• Modification of the fixed bed reactor design, e.g. increase catalyst concentration along 

the reaction path to reduce hot spotting, minimise radial temperature gradient by 

optimising tube diameter, apply staged air/oxygen injection. 

• Selective hydrogenation of acetylene in the HCl feed. 

• Use improved catalysts, with regard to selectivity, stability and attrition resistance. 

• Optimise reactor conditions, e.g. reduce bubble size in fluidised beds, variations in the 

ethylene recycle rate, decrease operating pressure, and quicker post-reaction cooling. 

 

The following table summarises the different performance of the two OC reaction design 

alternatives: 
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Table 16.14 Comparison of fluidised bed and fixed bed oxychlorination systems 

Technical Facts Fluidised Bed Fixed Bed 

Heat Transfer 

Good heat transfer 

Temperature control problems 

because of generally poor heat 

transfer. 

Near isothermal operation 
Temperature distribution in 

catalyst bed is not uniform. 

Good temperature control, 

absence of hot spots and hence 

fewer by-products. 

Presence of hot spots, also liable 

to col spots, possibly resulting in 

dew point corrosion of reactor 

wall. 

Non uniform temperature may 

affect product selectivity. 

Always good mixing of catalyst 

particles. 

Static catalyst particles, leads to 

occurrences of pore plugging or 

coking, with increased risk that 

unreacted substances may break 

through. 

Performance 

EDC purity Higher Lower 

Ethylene yield  

More by-products but 

compensated by less ethylene 

oxidation. 

Pressure drop Lower and more stable 

Higher – pressure drop increases 

because of coke formation and 

drop of mechanical properties of 

fixed bed, leading to fines. 

Catalyst performance Stable performance Faster catalyst deactivation 

Maintenance 

Catalyst changing Only quick catalyst make up 
Longer shutdown for changing – 

each a complete catalyst change. 

Safety 

Flammable mixtures 

Oxygen is usually introduced 

separately from ethylene and 

hence the reactants are usually 

only mixed in the bed.  The 

fluidised bed then acts as a flame 

arrestor, which excludes or 

reduces explosion risk depending 

on design of distribution grid and 

sparger. 

All reactants (HCl, ethylene and 

oxygen) are mixed before 

introduction into the reactors, 

hence more risk of build-up of 

flammable mixtures. 

Emissions 

Oxychlorination generates 

PCFF-F irrespective of the type 

of bed.  PCDD-F are partly 

adsorbed on catalyst particles 

Some entrainment of catalyst 

particles.  However, when 

associated with an efficient 

downstream solid separation unit 

on the waste water, the fluid bed 

technology does not release 

PCDD-F in the water.  The waste 

water sludge does contain 

PCDD-F and must be handled 

accordingly. 

No entrainment during normal 

operation.  However, special 

attention is required when the 

catalyst has to be changed (every 

1 to 3 years). This operation is 

often followed by a washing 

operation.  This technology 

generates waste catalyst loaded 

with PCDD-F, which must be 

handled accordingly. 

Source: EDC#19 P CEFIC/ECVM 2013 

 

Process control: a more sophisticated process control enables more precise operation. Tools to 

improve and control the reaction under optimum conditions include:  

 

 distributed control systems;  

 online measurements to provide feedback for advanced control; 

 process models. 
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Achieved environmental benefits 

Lower net emissions to air will be achieved (at source) assuming an efficient downstream 

shared abatement system (such as incinerators) is used. 

 

Environmental performance and operational data 

 

Cross-media effects 

These decisions will not only affect the composition of this vent stream but also other key 

results of the operation such as energy usage. This may lead to increased energy consumption. 

 

Technical consideration relevant to applicability 

New installations. 

 

Economics 

 

Driving force for implementation 

Lower feedstock costs. 

 

Example plants 

 

Reference literature 

EDC #4, 7, 8, 11 & 19 

 
16.4.1.1.2 Individual abatement of gases from reactions 

 

Description 

A group of generic techniques applied to the reaction outlet stream in order to reduce the 

workload of the gas treatment system. 

 

Technical description 

The plant design can have an impact on the emission workload that is sent to the shared gas 

treatment system. For instance, the reaction section design criteria can prioritise conversions, 

yields, energy usage or emissions to air but not all at the same time. 

 

A quench column in the overhead receiver can be applied for the OC vent stream. For the low 

temperature process, a flash would be followed by a vent scrubber and a caustic wash for EDC. 

For the high temperature route, a KO drum might be more common in addition to reactive 

distillation. A few plants would include a dedicated incinerator for this stream in their design. 

 

Achieved environmental benefits 

Lower net emissions to air. 

 

Environmental performance and operational data 

Below detection limit for VOCs. 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Applicable only to those emission streams that with this simplified individual abatement 

measure can assure the same level of protection achieved with the complex shared gas treatment 

unit. 

 

Economics 

 

Driving force for implementation 

 

Example plants 
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Reference literature 

One plant in the BREF review questionnaires. 

 
16.4.1.1.3 Other horizontal measures 

 

Other horizontal measures can also be applied. 

 

Condensation and cryogenic condensation 

 See the CWW BREF on condensers. 

 A larger condensing duty will reduce VOC emissions in the vent gas. A second 

condenser with chilled water, after the first cooling water one, improves the efficiency. 

Heat exchangers with refrigerant fluids such as propylene or ammonia, can reach lower 

temperatures (-20 ºC to -40 ºC) and minimise emissions to the shared vent treatment 

system. This type of exchanger has safety drawbacks though. For wet vent gas, the 

temperature should be kept above 0 °C to avoid icing problems. 

Adsorption 

 See the CWW BREF. 

Channelling of vent gases to multi component treatment 

 All the process vents are channelled to the shared vent gas treatment system. The 

treatment system should be adapted to this type of effluent, as described in the 

EDC/VCM chapter in the end-of-pipe section. See the following sections of this BREF. 

 

16.4.1.2 Emissions from the EDC cracker furnace 
 

What makes this equipment different from large combustion plants (LCP) equipment is that the 

goal of the EDC cracker furnace is to convert EDC into VCM safely and with high conversion 

and selectivity. However, the techniques that are used on the energy supply side, in these 

furnaces, are not specific to the EDC cracking process. Cross references to the relevant 

horizontal BREFs will be used in order to avoid repetition. Specific techniques may also arise 

on the ʻdemand sideʼ of the process; e.g. use of catalyst or initiators to favour the reaction, 

reduce conversion target. The information gathered in the BREF review data collection process 

is shown below. 
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Table 16.15: Operating conditions of EDC cracker furnaces in the EU 

Installation Rate 

(MW) 

Fuel 

beside 

NG 

Fuel gas Hydrogen 

component 

(% v/v) 

H2 

process-

rich 

stream 

O2 

controlled 

Air 

preheat 

plant #1 11.46  No No No Yes yes 

plant #2 20.85  No No No Yes no 

plant #3 16 H2 No 80 Yes No no 

plant #4 18.6  No No No Yes Y on 2 

furnaces 

plant #5 20  No No No Yes no 

plant #6 11.5  No No No Yes no 

plant #7 11 H2 No  No Yes no 

plant #8 28.4 H2 No 78 Yes Yes Yes 

plant #9 11  No No No Yes no 

plant #10 12  No No No Yes no 

plant #11 12.3  No No No No no 

plant #12 16.4 H2 No 97 Yes Yes no 

plant #13 21 H2 No 73 Yes Yes no 

plant #14 17  No No No Yes no 

plant #15  FG Yes 66 Yes Yes no 

plant #16 16  No No No Yes yes 

plant #17 20.5  No 15 chlorine 

plant 

Yes 1 with; 3 

without 

plant #18 14.5 H2 No 99,9 Yes Yes yes 
(1) Source: BREF review data collection process 

 

 

Table 16.16: Emission values of EDC cracker furnaces in the EU 

Installation NOX CO SO2 Dust VOCs 

plant #1 95.5  1.9 2.01  

plant #2 83.66 14.7    

plant #3 89 5.5 0.3 0.65  

plant #4 62.6 24.7 0.65 0.7 0.56 

plant #5 65.5 6.5 0.8 4.4 181 

plant #6 51.5 5 9   

plant #7 75.46 < 12    

plant #8 181 7.6  < 0.3  

plant #9 70 396    

plant #10 54.14 1.9    

plant #11 48 29    

plant #12 58 6    

plant #13 43 25    

plant #14 73.2 84    

plant #15 85.55     

plant #16 163.5 3.4    

plant #17 77.5 20–50    

plant #18 48 0.65    
All figures in mg/Nm3 at 3% O2. 

 
16.4.1.2.1 Generic techniques on the energy supply side 

 

a) Generic techniques to reduce emissions of NOX 

 

See the LCP BREF or the REF BREF for NOX emissions. NOX emissions can potentially be 

reduced by the use of one or more candidate techniques: 
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 combustion control: controlling the excess oxygen concentration, and the temperature 

profile within the furnace;  

 choice of fuel type: most EDC crackers use natural gas and fuel gas (high H2 content); 

 end-of-pipe abatement: techniques such as selective catalytic reduction (SCR) can be 

used to reduce NOX emissions;  

 use of low-NOX burners. 

 

b) Generic techniques to reduce emissions of SOX 

 

See the LCP BREF. The primary technique is the choice of fuel.  

 

c) Generic techniques to reduce emissions of CO 

 

See the LCP BREF. The primary technique that can be employed to reduce CO emissions is to 

have effective combustion air control. This affects the emissions of NOX and VOCs as well. 

 

d) Generic techniques to reduce emissions of dust 

 

See the LCP BREF.  

 

The primary measures to prevent or reduce the generation of dust are:  

 

 choice of fuel type,  

 combustion air control,  

 fuel atomisation.  

 

The measures to abate (capture) the pollutant generated are at end-of-pipe: 

  

 water scrubber, 

 spray tower, 

 maintenance operations: sand jetting or pipe replacement. 

 

Dry separation techniques (such as a cyclone) as wet cyclones present problems on applicability 

(such as accumulation of EDC). 

 

e) Generic techniques to reduce emissions of VOCs 

 

See the LCP BREF. The comments provided in relation to CO would also appear to apply for 

VOCs. 

 
16.4.1.2.2 Generic techniques on the energy demand side 

 

a) Reducing furnace duty with catalyst or initiators 

 

Description 

The use of a catalyst and/or initiators leads to a similar conversion of EDC to VCM at lower 

duties in the furnace. 

 

Technical description 

It is possible to use initiators, such as chlorine, nitromethane, chloroform or carbon 

tetrachloride. (Ullmann's Encyclopedia of Industrial Chemistry: chlorinated HC; 2006; Manfred 

Rossberg) 

 

The catalytic gas phase dehydrochlorination is only used by a minority of vinyl chloride 

producers, and is not currently used in the EU. The process allows higher selectivities toward 

vinyl chloride and lower formation of coke though, which is mainly due to the lower 

temperatures (200–450 ºC). In addition to activated carbon, which can be doped with 
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ammonium salt promoters, a variety of other materials have been patented as catalysts, e.g. 

silicates, metal-promoted alumina, sodium chloride, and zeolites. 

 

Achieved environmental benefits 

Lower net emissions to air from combustion processes. Initiators have a moderate lowering 

effect on furnace duty. 

 

Environmental performance and operational data 

The selectivity to VCM in thermal cracking is 99 %, and hence the potential for improvement is 

low.  

 

Cross-media effects 

Control of the pyrolysis (temperature profile) can support optimisation. This depends on a large 

number of factors though, such as pressure, heat–load distribution, the nature and amount of 

impurities in EDC, as well as the use of initiators.  

 

1,2-Dichloroethane conversions, however, are not much improved compared to the non-

catalytic process. On average a 50–70 %, but mostly a 55–60 %, conversion per pass is 

obtained. With the development of improved non-catalytic gas phase processes, the catalytic 

route has lost most of its economic appeal. The higher costs of catalytic processes (extended 

shutdown periods) no longer compensate the slightly higher energy requirements of modern 

yield- and energy-optimised non-catalytic processes. 

 

Technical consideration relevant to applicability 

Generally applicable 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

EDC #7 

 

b) Favouring reaction with certain EDC impurities 

 

The process itself is capable of producing ʻgood impuritiesʼ. These species may act as a source 

of radicals, with the effect of increasing the reaction rate and selectivity at a substantially lower 

reaction temperature. Chloromethanes, such as CCl4, are examples of good impurities. If these 

are not present in EDC, or are but in insufficient amounts, they are added deliberately. CCl4 is 

formed in the oxychlorination and, in case of insufficient concentration in cracker feed, a 

modification of the EDC distillation system is an option. 

 

Achieved environmental benefits 

Lower net emissions to air due to lower energy consumption. 

 

16.4.1.3 Emissions to air from distillation 
 

Plant design and distillation train design 

 

In order to reduce the emissions from distillation systems: 

 

a)  see the generic chapter for a more in-depth description of generic measures: 

 selection of fractionation vacuum system: ejectors vs. pumps, etc.; 

 condensation; 
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 channelling of vent gases: selection of common end-of-pipe abatement device to 

channel this net emission to: incinerator or thermal catalytic unit; 

 

b)  see also the raw material yield chapter for a detailed description of techniques to 

prevent the generation of the impurities (that arrive at this section in various streams). 

 

16.4.1.4 Emissions of VOCs from the WWTP 
 

These VOC emissions to air are due to the high volatility of EDC and other light compounds. 

They are particularly high in aerated sludge treatment.  

 

Stripping applied to collective aqueous effluent (see the CWW BREF for the stripping 

technique description). Normal practice is to strip EDC before sludge treatment. See the 

subchapter on techniques to reduce emissions to water. 

 

16.4.1.5 Dioxins from rotary kiln flue-gas 
 

A rotary kiln can be applied for catalyst or coke auxiliary operations. Dioxins, if present, are 

normally attached to solid dust. It has been confirmed by the questionnaires that kilns are used 

in the EU to remove dioxins from coke prior to disposal.  

 

Channelling of vent gases to end-of-pipe abatement device: the net vent from rotary kilns must 

be channelled to an end-of-pipe abatement device and not to atmosphere. The vent is sent to a 

shared catalytic treatment (See EDC #2 EVC: environmental report 2000; EDC #11 European 

Vinyls Corporation EVC and EDC #4). See Table 16.16. 

 

16.4.1.6 Emissions from by-product recovery liquid incinerators 
 

This refers to liquid incinerators that are in place to recover HCl (it does not address vent 

treatment units). Chlorinated by-products from distillation operations can be further treated in 

oxidation process at 1 250 ºC. The products obtained in this process are: CO2, H2O, HCl, energy 

for steam. 

 

Channelling of vent gases to end-of-pipe abatement device – see Table 16.16. 

 

16.4.1.7 Emissions to air from end-of-pipe abatement units 
 

See the CWW BREF for shared vent treatment systems descriptions.  

 

After all recovery options on individual streams have been exhausted, the concentrations of 

chlorinated compounds and ethylene in the off-gas can be further reduced by applying treatment 

techniques such as those described below. 

 

There are numerous LVOC processes that require a shared vent treatment system able to cope 

with multi component streams, (e.g. TDI, MDI). For this purpose, the generic techniques to 

consider section includes a description of vent treatment systems. 

 

The data collected from the questionnaires are summarised in two tables below. 
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Table 16.17: Techniques applied in the shared vent treatment unit  

  Main 

Technique 

Rapid 

quench 

Entrain. 

Abatement 

Absorption 

system 

Contin. 

VOC monit. 

Scrubber 

plant #1 incinerator yes mesh vessels with 

spray jet and 

packed 

column 

yes packed 

column with 

caustic 

spray 

plant #2 incinerator yes KO drum 

and 

demister 

tray-type 

column with 

water 

counter 

current 

no tray-type 

column with 

diluted 

caustic 

counter 

current 

plant #3 incinerator yes mesh HCl 

absorption 

no caustic 

water 

scrubber 

(packing) 

plant #4 incinerator yes  acid water 

absorber 

(ejector) 

no caustic 

(packing) 

plant #5 incinerator yes no water no caustic 

water 

scrubber 

(packing) 

plant #6 incinerator yes no water 

absorption 

no caustic 

scrubber 

plant #7 incinerator yes KO drum yes no yes 

plant #8 incinerator yes demister packed 

column 

no OTNOC 

only 

plant #9 incinerator yes demister column HCl in water caustic 

plant #10 incinerator  no no  caustic, 

counter 

current 

plant #11 incinerator no demister caustic caustic and 

bisulphite 

no 

plant #12 incinerator no demister yes no no 

plant #13 incinerator no demister quench and 

scrubbing 

towers 

online 

analytic CO, 

NOX 

caustic, 

bisulphite 

and HCl 

scrubbing 

tower, 

counter 

current 

plant #14 incinerator no demister HCl 

absorber 

TOC, 

CO/CO2 and 

online 

analytic 

water 

quench and 

caustic 

scrubbing 

tower, 

counter 

current 

plant #15 thermal 

oxidiser 

no demister yes no  

plant #16 incinerator  demister no no counter 

current 

caustic 

plant #17 thermal 

oxidiser 

 demister HCl 

absorber 

column 

 counter 

current 

caustic 
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plant #18 incinerator  demister no no caustic 

scrubber 

packed 

tower 

plant #19 incinerator no demister quencher 

and 

scrubbing 

towers 

no  

plant #20 cat. oxidiser no demister no no with caustic 

solution 

plant #21 cat. oxid(
1
) 

special 

system 

 no active coal 

adsorption 

upstream/ 

downstream 

of catalytic 

incinerator 

caustic - 

packing - 

counter 

current 

(upstream of 

active coal) 

(
1
) vent system arrangement: vent gases chlorination and oxychlorination; chillers; neutralisation; active 

coal absorption; catalytic oxidiser; neutralisation; stack 

(
2
) Most plants share vents system with PVC or site; plant#18 has no oxygen monitoring; plants#7,11,12 

and 20 not using cooling water; plants#1,15 and 20 using chilled water; data on methane range 0,15–51 

mg/Nm
3
; 2 PCB data below detection limits. 

 

 

 
Table 16.18: Emission values  

(mg/Nm
3
) 

 
VCM EDC C3 HCl Dioxins Cl2 NOX COX SOX VOCs 

plant #1 - - - 5.4 0.0021 - 101 1.71 7.1 0.12 

plant #2 < 0.1 < 0.1 < 0.1 0.7 0.003 0.75 91 5  1 

plant #3 < 1 < 1 < 1 5.67 0.006 0.99 53.6 1.7 0.02 0.096 

plant #4 < 1 < 1 < 1 2.1 0.018 5 64.8 < 12 < 3.2 2.2 

plant #5 < 1 < 1 < 1 5.65 0.121 5 70 7.4  < 1 

plant #6 < 2 < 1 < 5 12.4 0.002 4.4 28.7 3.22  < 1 

plant #7 < 0.01 0.015 < 0.46 15.5 0.005  24.8 0.185   

plant #8 < 0.11 < 0.17  13.45 0.041 2.52 58.4 2.1 2 1.57 

plant #9 < 0.1 < 0.1 < 0.1 < 5 < 0.1  78 1  < 0.1 

plant #10 < 0.2 < 0.2  3.2 0.02  42.3 3.3   

plant #11 0.32 0.65 0.32 0.6 0.0032 0.61 36 10  9 

plant #12 0.02 0.002 5.53 12.7 0.053 7.2 16.3 4.9 0.225 0.6 

plant #13    2.4 0.006  82 0.73 3.5 0.23 

plant #14    3   15.95 0.15 1.2 0.21 

plant #15 < DL < DL < DL 1.87 0.061 2.14 32.89 26.75   

plant #16 0 0.028 0.0003 0.81 0.042 0.05 44.2 8.1   

plant #17    2.9 0.09 < 0.2 31.8 1.3 < 2.0 3.65 

plant #18    4 < 0.05  83 6  0.5 

plant #19 < 0.01 < 0.01 < 0.01 3.43 0.013 0.46 8.55 1.4  < 2.4 

plant #20 2 2.3 13 6.7 0.023 4.38 0.8 0.053   

plant #21 0.45 0.66 13.1 0.41 0.01 3.01 4.72   50.94 

(1) All data in mg/Nm3 (except for dioxins in ng/Nm3 ) and at 11% O2. 

 
16.4.1.7.1 Reduction of VOCs in the shared vent header 

 

The design criteria to cover these emissions are as follows. 

 

 To combust all vents, except those that pose unacceptable explosive risks and those 

with such a large flow that they would overload the treatment system. Such combustion 

will normally invoke some of the requirements of the EC Directive on the incineration 

of waste (2000/76/EC), even though the Directive is not directly applicable to gaseous 

wastes. 
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 For VOCs in the ‘several hundreds’ of ppm range - catalytic (flameless) combustion at 

500–600 °C with little or no fuel gas consumption. 

 For VOCs in the ‘thousands’ of ppm range – thermal oxidation at more than 750 °C, 

with a rapid quenching applied through the temperature window to avoid de novo 

PCDD/F formation. 

 
16.4.1.7.2 Thermal oxidation 

 

See the CWW BREF. 

 

Most process and storage vents can be collected for combustion in a purpose-built high 

temperature oxidation unit. The unit should be able to achieve emission levels of 1 mg/m
3
 for 

EDC and VCM (in total), 0.1 ng/Nm
3
 for PCDD-PCDF (TEQ) and 10 mg/Nm

3
 for HC (EVCM 

value of 30). It is necessary to monitor the percentage oxygen to optimise the incineration 

conditions and thus minimise emissions. Chlorinated HC emissions need to be reduced by an 

incinerator. Waste gas from the oxychlorination units may require destruction in a dedicated 

unit (such as incineration). 

 
16.4.1.7.3 Catalytic oxidation 

 

See the CWW BREF. 

 

Catalytic oxidation is restricted to low concentrations of organic compounds as off-gas 

temperatures will otherwise be too high and will deactivate the catalyst. The concentrations and 

temperatures are controlled in an effective range in which the desired degradation of VOCs is 

achieved. NOX are not generated in catalytic oxidation, and the formation of PCDD/F is also 

minimised (incinerator and rotary kiln flue-gas may send their vents here). 

 
16.4.1.7.4 Hazardous waste incineration 

 

See the CWW BREF and the WI BREF. 

 

Liquid and solid wastes may be incinerated in a multi-purpose incineration unit. The 

requirements of Chapter IV of Directive 2010/75 EU apply. This sets limits for a wider range of 

substances and requires their continuous monitoring.  

 
16.4.1.7.5 Oxidiser best practices for cross-media effects 

 

All these combustion abatement devices have cross-media effects. The products of the 

combustion or the results of inefficient combustion may harm the environment. The techniques 

to minimise the cross-media effects of these devices are also addressed in the CWW BREF and 

the generic techniques section of this BREF.  

 
16.4.1.7.6 Wet gas scrubbing for HCl recovery 

 

After incineration, the HCl formed from the chlorinated organic compounds can be recovered 

by absorption in water/hydrochloric acid (for recovery of HCl and reuse within the process). 

See the CWW BREF. 

 
16.4.1.7.7 Caustic scrubber 

 

After incineration, the HCl formed from the chlorinated organic compounds can be recovered in 

water/alkaline solution (for HCl emissions reduction). Acid gases and Cl2 are addressed by post-

incineration caustic scrubbing. This performs better for HCl than for chlorine, hence there is a 

need to limit the amount of chlorine in the flue-gas. See the CWW BREF. 

 
16.4.1.7.8 Multi-component vent treatment system 
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Description 

Design and operation of a system consisting of numerous treatment steps in order to minimise 

the overall pollutant content in the emission stream to air. 

 

Technical description 

• This system will receive vent gases that (ideally) have already received treatment to 

reduce the workload of the end-of-pipe unit; e.g. by KO drums, demisters, condensers 

or chilled condensers. 

• Catalytic or thermal incinerator that reduces VOC content but lets Cl2 or HCl through. 

• Optimised design (turbulent burners, minimum residence time or rapid quenching) to 

reduce/prevent the formation of dioxins and furans. 

• Absorber/scrubber with water, to remove acid species (such as HCl) that exit in the 

liquid phase. 

• Caustic scrubber: with NaOH, or another caustic stream, to remove Cl2 into NaCl or 

NaOCl (liquid phase). 

 

Achieved environmental benefits 

Reduced emissions of VOCs to air are achieved. 

 

Environmental performance and operational data 

 

Cross-media effects 

Two streams of effluents are generated in this set-up. Use of flue-gas is required for the 

incinerator. 

 

Technical consideration relevant to applicability 

Generally applicable 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

EDC #9 ,10, 11, 17 & 19 

 
16.4.1.7.9 Adsorption 

 

Applied downstream of incinerators to reduce dioxin levels: activated carbon adsorption is used 

in some plants for polishing incinerator off-gases. The purification efficiency varies with 

chemical compounds, but reported removal rates are 88.8 % for hexachlorobenzene and 80–

85 % for dioxins. The outgoing concentrations are in the order of 0.04 ng I-TEQ dioxins/m
3
. 

The filter unit has a diameter of 3–4 m and is expected to last about two years before needing 

replacement. The spent carbon is incinerated.  

 
16.4.1.7.10 Monitoring downstream end-of-pipe system 

 

Description 

Due to the nature and variety of pollutants, monitoring is used as a tool to optimise the 

performance of the numerous techniques applied to reduce the impact on the environment. 

 

Technical description 

A procedure or internal process that ensures and defines which actions are taken (after 

monitoring results are obtained) in order to optimise abatement techniques. 
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Monitoring should be done, at least on these parameters: VCM, EDC, total chlorinated 

compounds, dioxins (TEQ) and HCl. 

 

Achieved environmental benefits 

Lower emissions to air are achieved. 

 

16.4.1.8 Fugitive emissions to air 
 

See the CWW BREF section on fugitive emissions. 

 

As VCM is a known carcinogen there have been strenuous efforts over recent years to minimise 

workplace exposure and environmental releases, especially from fugitive sources.  

 
16.4.1.8.1 Leak detection and repair programmes 

 

Rigid LDAR (leak detection and repair) regimes have proven valuable in the prevention of 

fugitive emissions and have particular relevance to EDC/VCM plants.  

 

Fugitive emissions are reduced by installing leak-safe technology and by frequent inspections to 

check the integrity of all relevant sealings. This can be supported by installing fixed monitoring 

systems for measuring VCM/EDC concentrations.  

 

The techniques to prevent and minimise fugitive emissions of air pollutants are described in the 

CWW BREF. 

 
16.4.1.8.2 VOC stripping in collective effluent upstream 

 

The volatile components of contaminated process effluent may go to atmosphere, and closed 

collection systems (sewers) can be used to reduce the emission. If process effluent is stripped to 

less than 1 ppm EDC, then this reduces emissions to air from any subsequent effluent treatment. 

See sections on emissions to water from EDC/VCM plants. 

 

The BREF review ad hoc data collection process has revealed that of the EU installations:  

 

 17 installations apply stripping prior to sludge treatments (upstream of the WWT unit); 

 1 installation applies stripping of non-aerated sludge; dewatering in filter press aerated 

and sludge stripping before filter press. 

 

16.4.1.9 Emissions to air from storage 
 

In most EDC/VCM plants, vents are routed to a shared vent treatment system. See the EFS 

BREF. 

 

16.4.1.10 Other combustion processes 
 

A key combustion process is the EDC cracking furnace, which was already reviewed in the 

previous subchapter. Other combustion processes whose goal it is to deliver energy are outside 

of the LVOC BREF scope; instead see the LCP BREF. 

 

Techniques that deliver lower energy usage will usually indirectly lead to lower emissions to air 

from the process. See energy-related techniques in the energy chapter. 

 

16.4.2 Techniques to reduce emissions to water 
 

The LVOC BREF will only address effluent treatment at source and specific pretreatments. See 

also the CWW BREF for other water effluent treatment steps. The BREF review data collection 

process has shown that most installations use a combination of techniques. 
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Table 16.19: Waste water techniques for EU installations  

 Plant # Effluent (m
3
/h) Stripper Floc-Prec Filtration Neutral Nitrification 

1  9 atm yes yes yes no 

2   vacuum yes no yes yes 

3   vacuum no yes yes no 

4  45 atm yes no yes no 

5  87 atm yes no yes no 

6  12 atm yes yes yes no 

7  40 atm yes yes yes no 

8  27 atm yes yes yes no 

9  21 atm yes yes yes no 

10  17 atm yes yes yes no 

11  29 atm yes yes yes no 

12   atm yes yes yes no 

13  14 atm yes no yes no 

14   pressure yes yes yes no 

15  50 atm yes yes yes yes 

16  81 atm yes no yes yes 

17   atm yes no yes yes 

18   atm yes no yes no 

31  47 atm no no yes no 

32   atm yes no yes no 
NB: (1) Most installations reuse their aqueous streams from caustic wash operations; no electrolysis. 

 

 
Table 16.20: Emission values 

 Plant 

# 

EDC(
1
) VCM(1) EDC VCM PCDD/F Copper TSS pH COD 

1  0.09 0 0.06 0.05  0.6 17.3 8  

2  0.19 0 0 0 630 0.042 25.3 8.7 37.7 

3  0.032 0  < 0.0005 0.000172     

5  9.5  0.2 0.3 0.027 0.016 29.4 7.8 62.5 

6  0.61 0.23   0.6 0.43 46.6 8.6 763 

7  0.36 0 0.36 0 0.59 0.59 20 8.8 1 296 

8  < 0.2  0.1 < 0.05 0.17 0.4 32 8.2 528 

9  < 0.2 < 0.1 < 0.1 < 0.05 0.21 0.4 7.1 7.4 64 

10  0.036 < 0.1 0.19 < 0.03 0.17 0.18 10 10.3 2 978 

11    0.14  1.47   10.3 3 128 

12  1.47 0.02 0.081   < 0.05  8.42 50.5 

13  0.09 < 0.01 0.007   0.0034 19.7 7.36 121 

14  5         

15  1  0.068 < 0.0005 0.08 0.38 79 8.4 201 

16  0.08 0.014 0.012  0.021 0.035  7.4  

17  0.19 0.001 0.053  3.3 0.05 41 7.15 169 

18  0.23         

31    0.23 < 0.1 0.09 0.081 41.9 9.1 150 

32  0.13 0.11 0.011 < 0.01 0.018 0.009 5 8 7.35 
N.B. (1) Values in mg/l from downstream of the stripping operation and upstream of the WWT unit. 

 

16.4.2.1 Reducing effluent generation 
 

Description 

The EDC feed to the cracking furnace needs to be dried prior to feeding. There are various 

technical approaches on how to remove water. A distillation column is included in the plant 

design by default but other basic unit operations can deliver lower water content. 

 

Technical description 
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A multistage counter-current contactor for EDC pyrolysis feed drying produces a smaller, more 

concentrated effluent stream. A more efficient separation of water and EDC will lead to an 

aqueous stream that contains less organic compounds. 

 

16.4.2.2 Reuse of aqueous streams from washing operations 
 

Description 

There are various washing and quenching operations in the process that generate an aqueous 

stream. Applying an excess of caustic components allows recycling of the used solution. 

 

Technical description 

The recycle streams are returned to the process for reuse in scrubbers or in acid washing 

operations but a purge will still be necessary to evacuate reaction water. 

 

16.4.2.3 Homogenisation prior to treatments at source 
 

See the CWW BREF on balancing of flows and pollution loads/ concentrations by equalisation 

tanks. 

 

Decanters, settlers, homogenisers, buffers or junction boxes can be used. The plant generates 

effluents with different compositions and flows. It is more efficient to address the collective 

stream instead of applying customised individual treatments. In some cases, the treatment at 

source can be shared with processes of the same upstream (chlor-alkali) or downstream (PVC) 

nature. After pretreatment, the waste water from the VCM and the PVC plants may be mixed in 

a buffering tank, which is stirred and may be aerated, then pumped to an anaerobic selector 

stage for the reduction of easily degradable components with minimal sludge formation.  

 

16.4.2.4 Techniques to reduce the VOC load to the WWT unit 
 
16.4.2.4.1 Stripping to remove VOCs 

 

See the CWW BREF on stripping VOCs from effluents.  

 

Volatile chlorinated organic compounds such as EDC, VCM, chloroform and carbon 

tetrachloride can be effectively removed by steam or air stripping to effluent concentrations of 

less than 1 mg/l. EDC from the top of effluent strippers is condensed by a water condenser or is 

condensed in the main oxychlorination condensers (only for pressure columns).  

 

The stripped compounds can be recycled to the process. Depending on the plant arrangement, 

stripping can be performed at atmospheric pressure, under pressure or under vacuum. Vacuum 

stripping gives the best stripping efficiency but requires larger columns and vacuum pumps. 

Untreated waste water enters the column at pH > 10 in order to avoid corrosion and to allow 

chloral destruction. The column has two or three packing beds in stainless steel or plastic. 

Columns can be built with an internal lining or can be built of special metal (e.g. Incoloy) if 

neutralisation is at the outlet of the stripper. The installed cost of a waste water stripping plant 

treating a flow of 40 m
3
 per hour is EUR 3 million. 

 

Some plants also apply stripping to the sludge before it goes to the filter press. 

 
16.4.2.4.2 Removal of nitrogen by biological nitrification and denitrification 

 

[Request to TWG: please provide information on the impact of this technique on dioxins] 

 

Description 

 

Technical description 
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This dual stage process comprises: a denitrification stage in two coupled basins with alternating 

aeration, which serves to nitrify and denitrify the waste water. This is followed by a separate 

final denitrification stage to which some untreated waste water from the VCM unit is added as a 

carbon source.  

 

A sedimentation stage follows, from which sludge is recirculated to the selector stage and, as a 

final treatment, the outgoing water is polished by filtration.  

 

Achieved environmental benefits 

Lowe emissions of nitrogen compounds to water 

 

Environmental performance and operational data 

Final effluent from the plant is anticipated to contain 40–60 mg COD/l (based on calculations 

from the TOC data).  

 

Cross-media effects 

 

Technical consideration relevant to applicability 

The biological denitrification stage is primarily justified by the PVC plant, and stand-alone 

VCM units may not be able to achieve the same emission levels. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

Just one plant in the EU is performing this technique. The COD values indicated do not 

correspond to actual practice. OSPAR Decision 98/4 (EDC #14) sets a COD limit of 250 mg /l. 

 

16.4.2.5 Techniques to reduce non-volatile organics to the WWT unit 
 
16.4.2.5.1 Use of adsorbents 

 

See the CWW BREF. Adsorption with specific resins (or a charcoal bed) can be an alternative 

technology for the removal of these components from effluents. Granular activated carbon: the 

benefits of this technique are the ability to remove > 99 % of contaminants, the simple design 

and operation, there are no hazardous waste by-products, and the ability to operate at low 

temperatures and pressures. 

 
16.4.2.5.2 Neutralisation/pH adjustment  

 

See the CWW BREF sections on neutralisation. This is normally done downstream of the 

stripping section.  

 

Upstream applications are also of use when some of the oxychlorination by-products are non-

volatile chlorinated compounds (e.g. chloral or 2-chloroethanol). Alkaline treatment (at the right 

conditions of temperature, pH and residence time) can convert these into compounds that can be 

stripped (e.g. chloroform) or that are degradable (e.g. ethylene glycol, sodium formate). 

 
16.4.2.5.3 Aerobic treatment to reduce COD 

 

See the CWW BREF. The main waste water contaminants after steam stripping are chlorinated 

hydrocarbons, chloride and copper from the oxychlorination catalyst. The discharge of 

biodegradable compounds can be reduced efficiently by aerobic biological treatment. 
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16.4.2.6 Techniques to reduce copper and TSS to WWT unit 
 
16.4.2.6.1 Filtration to remove copper and dioxins (suspended solids) 

 

This is normally done downstream of the stripping section; see the CWW BREF. Suspended 

solids here are mainly catalyst matter or debris. The biological treatment installation may be 

equipped with a physical separation unit to remove copper containing sludge 

 
16.4.2.6.2 Chemical precipitation 

 

See the CWW BREF. The entrained copper catalyst from the oxychlorination process can be 

partly removed by alkaline precipitation at pH 8–9 or above and separated by 

settling/flocculation. 

 

Selection of fixed bed OC reactor 

 

Description 

In the fixed bed reactor, catalyst particulates entrained in the overhead vent are reduced. 

 

Technical description 

The use of a fluidised catalyst bed leads to a larger organic (and catalyst) load for the air 

treatment abatement system, but affords better temperature control (no hot spots) and thereby 

reduces the formation of by-products; the drawback is catalyst stickiness. 

 

Achieved environmental benefits 

Lower emissions of copper to water. 

 

16.4.2.7 Techniques to reduce dioxins to the WWT unit 
 

The techniques that reduce TSS will normally also reduce dioxin content. 

 
16.4.2.7.1 Fixed bed OC technology 

 

Dioxins, and related compounds, generated during oxychlorination have a strong affinity to 

particulate surfaces such as the oxychlorination catalyst. The presence of dioxin-related 

compounds in the effluent from EDC production is influenced by the technology used in the 

oxychlorination process. 

 

 Fixed bed oxychlorination has virtually no carry-over of copper catalyst, which 

potentially could have been contaminated with dioxins. 

 Fluid bed technology allows some catalyst fines to transfer to process waste water. 

 
16.4.2.7.2 Use of monitoring systems to optimise techniques at source  

 

Description 

Due to the nature and variety of pollutant monitoring, monitoring systems can be used as a tool 

to optimise the performance of the numerous techniques applied to reduce the impact on the 

environment. Mass balances across the WWT unit are calculated. 

 

Technical description 

A procedure or internal process that ensures that action is taken, using feedback from the 

monitoring results, in order to optimise abatement techniques. Monitoring should be done at 

least for copper, total chlorinated compounds, dioxins (TEQ) and COD. 

 

16.4.3 Techniques to reduce raw material consumption 
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16.4.3.1 Best practices in direct chlorination 
 

See emissions to air in the previous chapters for process optimisation. 

 

In DC, the use of the stoichiometric ratio prevents the loss of ethylene in the reaction off-gas. 

The bromine content of the chlorine feed should be as low as possible in order to minimise the 

downstream formation of brominated by-products. For the reactor design, low temperature 

technology leads to higher raw material yields. 

 

Waste recovery option: the heavy ends from EDC purification can be converted into HCl by 

thermal or catalytic oxidation. Incineration is much more frequently used. Air is added to DC as 

it inhibits the formation of by-products (trichloroethane and other derivatives). Oxygen (coming 

with Cl2) inhibits certain by-products' formation. 

 

16.4.3.2 Best practices in oxychlorination 
 

Process optimisation 

 Reaction temperature control: above 325 ºC, the catalyst is deactivated and by-product 

production will increase, leading to CO and CO2 generation. Operating at higher 

temperature lead to increased by-product formation.  

 Purity of HCl (fresh and recycled): in most cases, HCl from the EDC cracking section is 

used as a source of chlorine. The acetylene content (derived from VCM cracking) of 

this hydrogen chloride may be critical and should be controlled (below 0.1 %), as 

acetylene tends to form more highly chlorinated by-products and tars, which can lead to 

catalyst deactivation by coking (pore plugging) and may also influence downstream 

operations. Selective hydrogenation to ethylene is often used to remove acetylene from 

this HCl. 

 Fluidised bed reactors deliver a more homogeneous temperature, less by-products; but 

one drawback of their use is catalyst stickiness. 

 Oxychlorination feed: oxygen leads to higher yields than air. 

 Abatement measures applied for air (like condensers or EDC absorption or chilled 

cooling to minimise EDC vent losses) significantly improve yield. 

 Optimal catalyst system design (dilution, particulate size, preparation, etc.) can prevent 

overheating and the formation of impurities. 

 The VCM content in the recycled HCl needs to be reduced (to 100 ppm) in order to 

prevent the formation of more highly chlorinated by-products. 

 

16.4.3.3 Best practices for EDC cracking 
 

Process optimisation 

 EDC feed purity is important because trace species in feed inhibit the cracking reaction. 

More stringent control of EDC feed purity can reduce fouling and by-product 

formation. 

 Ferric chloride can be removed by adsorption of solids, distillation or washing with 

water. 

 Unreacted EDC from pyrolysis cannot be directly recycled, and needs to be purified 

first, e.g. by means other than distillation. 

 Improved furnace design: counter current, avoiding hot spots, etc. 

 Use of promoters or initiators: as chlorine or other radical species are important for the 

chain propagation, chlorine or chlorine-delivering compounds such as 

tetrachloromethane or hexachloroethane, as well as other radicals like oxygen and 

nitrous oxide or other halogens (bromine and iodine), can be added as initiators and 

promoters and will suppress methyl chloride formation. The presence of nitromethane 

was reported to increase EDC conversion to 92.5 % (EDC #7 Ullmann's Encyclopedia 

of Industrial Chemistry).  
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 Quenching the furnace outlet is done to avoid by-product formation at high 

temperatures. Rapid quench rate: the rapid cooling of the pyrolysis off-gas reduces by-

product formation. 

 Process selection: catalyst cracking leads to less coke formation (out of scope, no plants 

in EU). Non-catalytic cracking is preferred, depending on other criteria. 

 Use of burners with a flat flame is done in the cracking furnaces of EDC. The use of 

these burners can reduce the hot spots on the walls of the process tubes and 

consequently the production of by-products due to the high temperatures. 

 EDC from VCM purification is recycled back to EDC purification.  

 In a first distillation train, the HCl stream is removed together with other impurities like 

acetylene. This stream is the top cut of a distillation column after the reaction outlet 

quenching step. Acetylene, which co-distils with the hydrogen chloride, is either 

converted to vinyl chloride by catalytic hydrochlorination or selectively hydrogenated 

to ethylene, which does not interfere when the hydrogen chloride is used in the EDC 

oxychlorination process (preferred). 

 A second distillation train splits VCM from the top. Traces of HCl present in VCM are 

neutralised with NaOH or separated by distillation or adsorption. The bottoms of the 

vinyl chloride column are purified in two more distillation stages. First, the low-boiling 

impurities are removed in the light ends column, followed by 1,2-dichloroethane 

separation from the heavy ends in the last tower. The purified 1,2-dichloroethane is 

recycled to the cracking furnace. 

 A third distillation train generates light ends on the top cut and EDC recycle on the 

bottom cut. 1,3-Butadiene, which mostly contaminates the vinyl chloride fraction, can 

be removed by polymerisation during extended residence time or with Lewis acid 

catalysts by hydrochlorination, hydrogenation or by reaction with chlorosulphuric acid.  

 Other volatile impurities must also be removed by post treatment because they cannot 

be completely separated from the main products by distillation. 

 

16.4.4 Techniques to reduce energy consumption 
 

16.4.4.1 Best practices for DC energy usage 
 

Process optimisation 

1. The energy balance is better when no excess ethylene is used. Less energy needs to be 

used in the overhead systems of the direct chlorination area. 

2. Use of an iron filler in DC improves the heat transfer. 

3. Better heat recovery can be achieved with the high temperature DC approach: in the 

case of ‘high temperature chlorination’, the low level heat of reaction is used to 

vaporise/distil the EDC, and/or to boil some distillation columns. 

4. LT is worse from an energy point of view: one disadvantage is that the rejection of the 

heat of reaction to the environment at low temperature is highly inefficient. The hot 

utility can be covered internally , namely by the medium pressure or high pressure 

steam raised in the oxychlorination stage. Refrigeration is necessary for the low-

temperature separation of HCl, but the amount can be minimised by an accurate column 

design.  

5. Important energy savings in driving the distillation columns can be achieved. The hot 

DC reactor effluent can be used to drive the reboilers of the columns for separating HCl 

and VCM. A supplementary saving can be obtained by the direct integration of the 

columns for the EDC purification. 

6. Recovered heat from the DC reaction outlet can be used for feed preheating. 

 

16.4.4.2 Best practices for OC energy usage 
 

Process optimisation 

1. In the oxychlorination reaction, heat can be recovered to the hot oil system. An 

alternative recovery is steam generation at the oxychlorination reactor. 
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2. If pure oxygen (instead of air) is fed, then more energy is wasted in the recycling 

compressor, but no energy is consumed for air compression. 

 

16.4.4.3 Best practices in EDC pyrolysis energy 
 

Process optimisation 

1. Heat can be recovered from cracking furnaces. Heat recovered from the process gas 

leaving the cracking furnace could be used to vaporise the EDC feed to the furnace or to 

generate steam, depending on the energy situation of the plant. Both alternatives 

subsequently reduce the total emissions of CO2 and NOX from the production site. 

2. EDC cracking process selection: higher pressure processes (2.0–3.0 MPa) are used 

because the high pressure reduces the furnace size, improves heat transfer, and makes 

the downstream separation easier. Medium pressure (1.0–2.0 MPa) leads to less by-

product formation while downstream separation is still possible.. 

3. A feed purge upstream of the EDC cracking is used to avoid iron build-up (and lower 

heat transfer) Avoiding iron build-up is a good manufacturing practice in general and 

will reduce energy usage. 

4. Use of promoters, catalyst and/or good impurities in EDC cracking: chlorine. 

5. More severe cracking conditions will lead to higher EDC conversion towards VCM. 

The higher the cracking conversion, the lower the EDC recycle and thus the lower the 

energy usage (standard. value 50–60 % conversion). However, higher temperatures and 

higher cracking conversions tend to increase by-product and coke formation. See the 

section on combustion-related energy techniques. 

 

16.4.4.4 Residual energy recoveries 
 

Heat recovery from the gaseous vents' thermal or catalytic oxidiser. 

 

The ad hoc data collection for this BREF review shows the status of energy recovery for the EU 

installations. 

 

 Many installations use high pressure cracking (2–3 MPa). 

 

Recovery of exothermic heat: 

 

 the majority of plants recover heat from process gas exiting furnace; 

 energy is recovered from the OC reactor (0.43–3.5 GJ/t) to generate steam or provide 

heat to the hot oil system; 

 heat recovered from incineration operations ranges from 180 to 540 GJ/yr. 

 

16.4.5 Techniques to reduce waste generation 
 

16.4.5.1 Spent oxychlorination catalyst with dioxins 
 
16.4.5.1.1 Selection of fixed bed process approach 

 

Description 

Having an OC reactor with a fixed bed will lead to lower emissions of catalyst to waste. 

 

Technical description 

In such beds, the catalyst is not removed continuously but is removed at fixed intervals.  

 

Achieved environmental benefits 

Catalyst management operations are reduced and emissions of catalyst particles to effluent from 

the quench section are lower. 

 

Environmental performance and operational data 
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The ECVM Charter commits a maximum level of 1 g of copper discharged into water per tonne 

of oxychlorination capacity. OSPAR Decision 98/4 (EDC #14) imposes a 0.5 g/t maximum for 

fixed bed and a 1 g/t maximum for fluidised bed. Spent catalyst replacement is done in 

turnarounds, periodically (when replacing exhausted fixed bed reactors).  

 

Cross-media effects 

 

Technical consideration relevant to applicability 

New plants or major retrofits. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

 
16.4.5.1.2 Selection of fluidised bed process approach 

 

TWG: EIPPCB is considering eliminating this technique. 

 

Description 

Having an OC reactor with a fluidised bed will lead to lower emissions of catalyst to waste. 

 

Technical description 

Depending on the process, the catalyst is recovered in a dry form or wet form (after settling 

and/or filtration of waste water). In fluidised bed reactors, the catalyst is recovered continuously 

(by the entrainment of fines). 

 

Achieved environmental benefits 

Having an OC reactor with a fluidised bed will lead to lower emissions of catalyst to waste. 

 

Environmental performance and operational data 

OSPAR Decision 98/4 (EDC #7) imposes a 0.5 g/t maximum for fixed bed and a 1 g/t 

maximum for fluidised bed. Spent catalyst can be replaced at any time and this is usually carried 

out during normal operation. 

 

Cross-media effects 

The catalyst is recovered by cyclones or filters, but the fines are entrained, ending up in the 

quench bottom effluent.  

 

In the fluidised bed process, small quantities are also removed for disposal during maintenance 

activities. 

 

Technical consideration relevant to applicability 

New plants or major retrofits. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

EDC #14 & 19 
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16.4.5.1.3 Disposal to landfill or incineration 

 

Wastes are often contaminated by dioxins or furans adsorbed onto waste catalyst. The 

composition needs to be analysed and this determines the disposal route. 

 

Incineration is in a dedicated or multi-purpose hazardous waste incinerator designed according 

to Directive on waste incineration (2000/76/EC). Chemical waste incinerators do generate some 

dioxins. Waste destruction is carried out in chemical waste incinerators See waste incineration 

in the WI BREF. 

 

16.4.5.2 Spent oxychlorination catalyst with dioxins 
 

The catalytic gas phase dehydrochlorination is only used by a minority of vinyl chloride 

producers, and is not currently used in the EU. This process delivers higher selectivities toward 

vinyl chloride and lower formation of coke, which is mainly due to the lower temperatures 

(200–450 ºC). In addition to activated carbon, which can be doped with ammonium salt 

promoters, a variety of other materials have been patented as catalysts, such as silicates, metal-

promoted alumina, sodium chloride, and zeolites.  

 

On catalyst: 1,2-dichloroethane conversions, however, are not much improved compared to the 

non-catalytic process. On average a 60–80 %, but mostly a 60–70 %, conversion per pass is 

obtained. With the development of improved non-catalytic gas phase processes, the catalytic 

route has lost most of its economic appeal. The higher costs of catalytic processes for catalyst 

and extended shutdown periods no longer compensate for the slightly higher energy 

requirements of modern yield- and energy-optimised non-catalytic processes. 

 

Because of the time-consuming catalyst removal, shutdown periods are considerably longer for 

catalytic furnaces, and the catalyst is an additional cost factor, so other pure thermal cracking 

may currently be the more economical process. 

 
16.4.5.2.1 Choice of thermal cracking process 

 

The gas phase (plug flow) non-catalysed process has been widely adopted and avoids catalyst 

management steps. 

 

The majority of plants apply a pure thermal EDC cracker, but some (outside the EU) use EDC 

catalytic dehydrochlorination. Promoters like CCl4 are sometimes used, affording a small 

reduction in energy usage because of lower furnace outlet temperature. 

 

Description 

This is the most common and more profitable route to convert EDC into VCM. 

 

Technical description 

No catalyst is added to the cracking process. Controlling the level of impurities or initiators can 

favour the reaction, but will not generate additional waste. 

 

Achieved environmental benefits 

No waste generation. 

 

Environmental performance and operational data 

 

Cross-media effects 

Potentially larger (than catalysed pyrolysis) furnace-related emissions to air. 

 

Technical consideration relevant to applicability 

Generally applicable. 
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Economics 

Lower operational costs. 

 

Driving force for implementation 

Lower operational costs. 

 

Example plants 

 

Reference literature 

EDC #19 

 

16.4.5.3 Spent catalyst from direct chlorination 
 

DC catalyst recovery needs to be performed by the plant operator prior to disposal. The catalyst 

is normally FeCl3. The amounts are lower than OC catalyst (100 mg/kg). Some operators use 

iron filler because iron construction material may not generate sufficient FeCl3. 

 
16.4.5.3.1 Use of the high-temperature reaction approach 

 

Description 

See previous subchapters. 

 

Technical description 

One major drawback of low temperature chlorination is the catalyst removal from EDC, which 

is a costly operation and a source of pollution. The high-temperature approach does not have 

this drawback. 

 

Achieved environmental benefits 

Simpler and more effective spent catalyst recovery than the LT approach. 

 

Environmental performance and operational data 

 

Cross-media effects 

Lower selectivity. 

 

Technical consideration relevant to applicability 

New plants or major retrofits. 

 

Economics 

 

Driving force for implementation 

 

Example plants 

 

Reference literature 

EDC #7, 8 & 19 

 
16.4.5.3.2 Use of non-halogenated compounds in catalyst system 

 

See Uhde/Vinnolit brochure (EDC #4) on the absence of FeCl3.  

[Request to TWG: please provide further information on this topic.] 

 

Description 

Direct chlorination process uses FeCl3 in combination with other inorganic salts. 

 

Technical description 
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A special complex containing FeCl3 and other inorganic salts is used as catalyst, which is a 

remarkable improvement in comparison to the standard iron chloride catalyst.  

 

Achieved environmental benefits:  

The catalyst significantly suppresses the formation of by-products. Therefore the reaction can be 

carried out at a substantially higher temperature, whereby heat recovery is possible. The catalyst 

is fed to the reactor loop under normal operating conditions. There is no continuous catalyst 

consumption. The catalyst can be used in all liquid loop reactors as well as in a boiling reactor 

for the full temperature range between 50 °C and 125 °C. The EDC produced thus has a quality 

that allows the direct feed to the EDC cracker without distillation. 

 

16.4.5.4 Coke from EDC cracking 
 

Coke is removed from the VCM by filtration or by sedimentation. It also arises from the 

decoking of the cracking section.  

 
16.4.5.4.1 Use of initiators 

 

The formation of a carbon deposit needs to be avoided. This phenomenon is caused by a higher 

wall temperature, by the presence of heavy chlorinated hydrocarbons, as well as by some heavy 

impurities, namely trichloroethylene (TRI). Preventing coke formation is a major problem in 

operating the furnace for EDC cracking. Keeping the reaction temperature below 500 °C 

prevents coke formation but decreases the reaction rate. Therefore, as already mentioned, 

initiators are used, such as nitromethane, chloroform or carbon tetrachloride. For these reasons, 

the pyrolysis temperature profile is an optimisation issue. This depends on a large number of 

factors, such as pressure, heat–load distribution, nature and amount of impurities in EDC, as 

well as the use of initiators. 

 

See emissions to air in this EDC/VCM chapter for a description of the techniques. 

 
16.4.5.4.2 Use of oxygen 

 

The use of oxygen, however, is controversial because oxygen has been found to enhance coking 

of the furnace walls. Because chlorine (chlorinated hydrocarbons) is readily available in vinyl 

chloride plants and because of its minimal interference, chlorine is primarily used as a promoter. 

Promoter concentrations (mg/kg) in the 1,2-dichloroethane feed may vary between a few 

hundred ppm up to 5 %. Good results can be achieved when chlorine is fed at different points to 

the reaction zone, though this may be difficult to realise. High yields have been reported when 

nitromethane is used as a promoter. The addition of 1,1,2-trichloroethane is found to inhibit 

coke formation. 

 

See emissions to air in this EDC/VCM chapter for a description of the techniques. 

 
16.4.5.4.3 Reducing coke by rapid quenching 

 

A rapid quench rate: the rapid cooling of the pyrolysis off-gas reduces by-product formation. To 

minimise coke formation, it is necessary to quench or cool the pyrolysis reactor effluent quickly. 

Substantial yield losses to heavy ends and tars can occur if cooling is done too slowly. 

Therefore, the hot effluent gases are normally quenched and partially condensed by direct 

contact with cold EDC in a quench tower. Alternatively, the pyrolysis effluent gases can first be 

cooled by heat exchange with cold liquid EDC furnace feed in a transfer line exchanger (TLE) 

prior to quenching in the quench tower. In this case, the application of a TLE to preheat and 

vaporise incoming EDC furnace feed saves energy by decreasing the amount of fuel gas 

required to fire the cracking furnace and/or steam needed to vaporise the feed. 

 

Included in most plant designs, this may belong to process-integrated techniques section.  
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16.4.5.4.4 Reducing coke by pre-evaporation 

 

Description 

Use of the external EDC pre-evaporation facility reduces the formation of coke in the furnace 

considerably. 

 

Technical description 

Use of the external EDC pre-evaporation facility reduces the formation of coke in the furnace, 

because high-boiling impurities (which are the precursor for coke formation) in the feed EDC 

are mostly ʻtrappedʼ in the evaporator and prevented from entering the furnace. 

 

Reference literature 

EDC #4 

 
16.4.5.4.5 Reduce coke by process optimisation 

 

Description 

A group of process designs and operating decisions to minimise coke generation. 

 

Technical description 

Keeping the reaction temperature low (e.g. below 500 °C) prevents coke formation but 

decreases the reaction rate. Initiators such as chlorine, or carbon tetrachloride are used to assist 

the reaction. 

 

The purity of feed has to be greater than 99.5 % wt to reduce coke formation and the fouling of 

the pyrolysis reactor. 

 

Achieved environmental benefits 

Lower coke generation per tonne of product. 

 

Driving force for implementation 

Higher yields and energy savings. 

 
16.4.5.4.6 Use of flat flame burners 

 

The use of burners with a flat flame in the cracking furnaces of EDC will deliver a lower coke 

formation rate. The use of these burners allows the reduction of the hot spots on the walls of the 

process tubes, and consequently the production of by-products at high temperatures.  

 

The use of flat flame burners is essential to protect the tubes against damage by the burner 

flames/flame temperature (flame temperature > 1 000 °C, but the tube wall design temperature 

is approximately 650 °C). 

 

See the LCP BREF. 

 
16.4.5.4.7 Filtration 

 

Always applied, to isolate and capture the coke. See the generic the chapter of the LVOC 

BREF. 

 
16.4.5.4.8 Disposal of coke after analysis 

 

Incineration in a dedicated or multi-purpose hazardous waste incinerator designed according to 

the Chapter IV of IED on waste incineration (2010/75/EU). Coke can be sent to landfill or 

incinerated as it is free of dioxins. See the WI BREF for descriptions of techniques. 

 

16.4.5.5 Sludge from the WWT 
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The use of a rotary kiln to remove dioxins from the sludge is no longer used according to the 

EIPPCB's 2012 data collection. 

 

If the waste has a small organo-halogenated compound content (typically less than 1 000 mg/kg 

dry matter) then disposal to a chemical waste landfill can be performed, or hazardous waste 

incineration. 

 
16.4.5.5.1 Residue streams from purification processes 

 
16.4.5.5.2 Recovery of HCl from VCM purification section 

 

Description 

HCl is generated in the EDC cracking reaction. 

 

Technical description 

Hydrogenation of acetylene in the HCl stream is required to enable recovery/recycle. 

 

Achieved environmental benefits 

Lower HCl by-product streams generated 

 

Environmental performance and operational data 

Acetylene values after hydrogenation are below 50 ppm. 

 

Cross-media effects 

 

Technical consideration relevant to applicability 

Applicable to those units that do not recycle this HCl recovered stream to the chlorination 

reaction. 

 

Economics 

 

Driving force for implementation 

Lower operation costs because of feedstock recovery. 

 

Example plants 

 

Reference literature 

 
16.4.5.5.3 Process optimisation 

 

Process-integrated techniques to reduce the generation of by-products include the below. 

 

 Applying a high degree of EDC and VCM removal from the light and heavy fractions in 

the distillation train. The EDC and VCM are then recycled. 

 Use of efficient catalysts in direct chlorination and oxychlorination. 

 Hydrogenation of the acetylene contaminant in the HCl produced in the EDC cracking 

plant and recycling to oxychlorination. By effecting this hydrogenation, it is possible to 

avoid the formation of dichloroethylenes, trichloroethylenes, tetrachloroethane and 

pentachloroethylene. Without the trichloroethylene, it is possible to carry out the 

distillation of the light ends, increasing in this way the EDC recovery. 

 Complete recycling of the raw materials and reaction intermediates. The ethyl chloride 

can be separated from the 'lights' and recycled to the oxychlorination section (not used 

in the EU); the ethylene contained in the purge gas can be converted to EDC in specific 

reactors. 

 Use of burners with flat flame in the cracking furnaces. The use of these burners can 

reduce the hot spots on the walls of the process tubes and consequently the production 

of by-products due to the high temperatures. 
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16.4.5.5.4 Recovery of the aqueous HCl from the residues 

 

Description 
The light (gaseous or liquid) and heavy (liquid) by-products are completely converted in an 

oxidation process (liquid incinerators) to form CO2, water and HCl. This process operates with 

excess air or oxygen at temperatures above 1 100 ºC. The flue-gas must be sent to an end-of-

pipe shared vent treatment device. 

 

Technical description 

The hydrogen chloride from the combustion of the light and heavy fractions can be absorbed 

into water, leading to a commercial-grade hydrochloric acid solution for internal use (e.g. for 

effluent neutralisation, water demineralisation) or for external sale. It is the consequence of a 

two-step design: incinerator plus water absorption unit. 

 

Achieved environmental benefits 

This technique recovers 25–30 % HCl-rich solution. This technique achieves lower waste 

generation and lower emissions to air from incineration. 

 

Environmental performance and operational data 

EDC #4 

 
16.4.5.5.5 Dedicated HCl vent and liquid drain header 

 

A dedicated drainpipe is generally used for HCl purges before water absorption or 

neutralisation.  

 

Description 

Design and construction of an HCl vent and drain header to recover HCl from equipment drains, 

etc. 

 

Technical description 

It is best practice to recover the drained contents from reboilers, pumps, filters or sampling 

points in a dedicated liquid header. Recovery can also be done with the sources of waste gas. 

The recovered HCl will then either be returned to the process or sent to the end-of-pipe 

abatement unit (or HCl recovery). 

 

Achieved environmental benefits 

Lower HCl emissions. 

 

Environmental performance and operational data 

EDC #4 

 
16.4.5.5.6 Avoid OC step by recovery of Cl2 from HCl 

 

Description 

The conceptual principal aim of the OC reaction is to achieve a balanced process, and to reuse 

the HCl generated in the EDC cracking. HCl could be converted into Cl2, which avoids the OC 

reaction that otherwise generates most by-products. 

 

Technical description 

Most of the chlorinated waste is produced in the oxychlorination step. Therefore, employing 

only direct chlorination of ethylene is more beneficial from an environmental viewpoint, but 

chlorine has to be recovered from the HCl by-product, usually by means of the classical Deacon 

reaction. 

 

2HCl + 0.5O2→Cl2 +H2O 
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In a new process proposed by Kellogg, the oxidation of HCl makes use of nitrosylsulphuric acid 

(HNSO5) at 4 bar and 260–320 °C. The amount of by-products diminishes drastically, raising 

the overall yield to over 98 %. The gaseous emissions are reduced to practically zero. 

 

Achieved environmental benefits 

This technique achieves reduced waste generation and lower emissions to air from incineration. 

Chlorinated waste from other processes may be incinerated to HCl and, in this way, recycled to 

the manufacturing of VCM. 

 

Environmental performance and operational data 

See Kellogg process patents. 

 

Cross-media effects 

It uses very costly construction materials due to the high risks associated with HCl or chlorine 

leakage. 

The process is not safer because Cl2 is manipulated at high pressure. Energy recovery from 

direct chlorination is more difficult than from oxychlorination because of the lower reaction 

temperature. 

 

Technical consideration relevant to applicability 

[Request to TWG: please provide feedback on whether this technique is in operation at 

industrial scale and on any applicability restrictions.] 

 

Economics 

 

Driving force for implementation 

The process is safer because the contact of hydrocarbon mixtures with oxygen is eliminated. A 

capital cost reduction of 15 % was estimated compared with the oxychlorination process. 

 

Example plants 

As no industrial plant is using this on a large scale, EIPPCB is considering moving this 

technique to the 'emerging techniques' section. 

 

Reference literature 

 
16.4.5.5.7 Use for commercial products 

 

Description 

This technique consists of isolation/purification of these by-products to meet certain 

specifications in order to sell them. 

 

Technical description 

In some plants, major by-products such as chloroethane and 1,1,2-trichloroethane are recovered 

and sold or used as feedstock for other chlorinated hydrocarbon (CHC) processes such as 1,1-

dichloroethylene production. Some of the light and heavy fractions can be used as feedstock for 

other chlorination processes, but this option is declining due to the reduced production of 

chlorinated solvents. 

 

Achieved environmental benefits 

This technique achieves reduced waste generation or lower emissions to air from incineration. 

 

Economics 

Lower operational costs in treating waste and/or certain income on those sales. 

 

16.4.5.6 Residues from neutralisation 
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The final purification of VCM may involve the neutralisation of acidity using lime or alumina 

and this generates a spent agent to waste. 

 

16.4.5.7 Reuse 
 

If the product still has a certain capability for being neutralised then there may be a reuse option. 

See the CWW BREF for the technique description. 

 
16.4.5.7.1 Incineration 

 

When their reuse is not possible, the organic by-products are a waste and must be destroyed. 

This is carried out by incineration, with heat recovery and neutralisation of the resulting 

hydrochloric acid. The incinerator can be fully dedicated to this stream or may accept other 

wastes or process vents. The on-site combustion or incineration of the organic residues leads to 

aqueous and air emissions and these should meet the same release levels as for process vent 

incineration.  

 

Waste may also be sent to external hazardous waste incineration. 

See the WI BREF 

 
16.4.5.7.2 Monitor composition to optimise techniques' performances 

 

Description 

Due to the nature and variety of pollutants, monitoring can be used as a tool to optimise the 

performance of the numerous techniques applied to reduce the impact on the environment. 

 

Technical description 

A procedure or internal process that ensures that action is taken after using feedback for 

monitoring results in order to solve problems or optimise abatement techniques. 

 

Monitoring should be done for at least: VCM, EDC, total chlorinated compounds, dioxins 

(TEQ) and HCl. 

 
16.4.5.7.3 Other generic techniques 

 

Catalyst regeneration ex situ 

 See the LVOC BREF Generic chapter. 

 

Disposal by landfill or incineration 

 See the CWW BREF on incineration. 

 Sometimes hazardous waste incineration is required. 

 

16.4.6 Techniques to consider reducing other than normal operations 
 

Other than normal operating conditions may generate increased, or different, emissions (types 

and values). The measures that are mentioned below are used by operators to reduce the 

frequency of occurrence and/or the impact of these events. 

 

16.4.6.1 Generic measures for other than normal operations 
 

Operating conditions such us shutdowns and start-ups deviate from normal operations but are, 

somehow, similar to other production processes. The measures that are taken to minimise their 

occurrence and their impact can be found in the LVOC BREF generic chapter. 

 

16.4.6.2 Specific measures for other operating conditions 
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Certain specific events (other than normal operating conditions) that occur in EDC/VCM plants 

have specific measures to reduce the frequency of occurrence and impact on the environment. 

These specific measures are described below. 

 
16.4.6.2.1 Techniques to reduce emissions from decoking of furnace 

 

Coke formation in cracker tubes depends on several factors, such as conversion per pass and 

cracker feed quality. See the section on coke avoidance technique (other products) in this 

EDC/VCM chapter. 

 

The decoking of the cracker tubes results in a steam/air mixture laden with dust. The techniques 

considered below are not restricted to abatement measures, but also consider measures that can 

be employed to prevent, or at least slow down, the formation of coke.  

 

Use of appropriate materials of construction 

 

 Description: selecting materials for tube construction that retard coke formation.  

 Technical description: any nickel (including any nickel oxide sites) in the materials 

used for the construction of the cracker tubes has the potential to catalyse the formation 

of coke. This technique therefore relates to the use of materials with low nickel levels, 

or with an appropriate surface coating that blocks access to available nickel (oxide) 

sites.  

 Achieved environmental benefits: this should reduce the frequency and/or duration of 

decoking events, and therefore limit the potential total mass emission of dust. 

Consequently, this would also reduce the amount of energy wasted during decoking. 

Reducing the rate of coke build-up improves energy efficiency by limiting the 

insulation effect of coke build-up, which would otherwise necessitate higher furnace 

temperatures.  

 

Maximise extent of coke burnout 

 

 Conduct decoking in a manner that promotes the maximum oxidation of the coke. 

 More CO, higher energy demand. 

 A higher temperature would almost certainly accompany attempts to achieve a more 

complete burnout, and this could result in damage to the tubes. 

 

Vent decoking gases via a wet abatement device 

 

 Use of a water scrubber or spray tower to capture dust. 

 Collected coke will need to be disposed of as a waste. An effluent will arise. Potential 

for recycling, in which case this would be bled off. There may be a peak discharge 

during shutdowns. 

 

Use of alternative mechanical decoking: sand jetting or pigging 

 

 Description: Method of decoking furnace tubes using a turbulent stream of impact 

resistant, particle-enriched gas.  Non-angular, no abrasive particles are entrained at a 

concentration of about 0.1 to about 10 pound per pound of gas, and the gas is introduced 

into the inlet of the furnace tubes at a gas flow rate corresponding to and outlet gas 

velocity of 5,000 feet per minute up to the sonic velocity of said gas, preferably at an 

outlet gas velocity of about 14,000 to 40,000 feet per minute (possibly done by external 

company), thereby avoiding use of a water scrubber or spray tower.  Generally 

applicable (may replace or facilitate decoking). 

 
16.4.6.2.2 Other techniques  

 

These include: 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 16 

SH/TS/EIPPCB/LVOC Draft 1 April 2014 659 

 techniques to reduce emissions from corrosion events; 

 redundant incinerator system: this is done in certain EU installations as shown by the 

BREF review data collection questionnaires; 

 reliability programme for critical equipment. 
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16.5 Emerging techniques 
 

[Note to TWG: the EIPPCB has developed some contents for the emerging techniques sections 

of the BREF. Neither the data collection questionnaires nor TWG members' spontaneous 

comments have provided sufficient information for the current BREF review on this topic. 

Therefore, TWG members are invited to complete the information collected by the EIPPCB: 

 The contents are presented in a tabular format in accordance with the BREF guidelines 

((2012/119/EU) 

 In some cases the technique has been identified as emerging but there is a lack of 

information to complete the fields to describe it] 

 

16.5.1 Ethane-based VCM 
 

Description 

New process technology based on ethane rather than ethylene feedstock has been tested in a 

1000 t/yr pilot plant at Wilhelmshaven, Germany, since May 1998. But to date, no commercial 

industrial manufacture has been undertaken. 

 

Commercially developed 

 

Level of environmental protection 

 

Cost savings compared to existing BAT 

 

Chance of becoming BAT in the future 

 

When it might become commercially available 

 

References 

 

16.5.2 Alternatives to avoid Oxychlorination 
 

Description 

Avoid OC step by recovery of Cl2 from HCl. 

 

The concept underpinning the OC reaction is achieving a balanced process, by reusing the HCl 

generated in the EDC cracking. HCl could be converted into Cl2, which avoids the OC reaction 

that otherwise generates most by-products.  

 

Most of the chlorinated waste is produced in the oxychlorination step. Therefore, employing 

only direct chlorination of ethylene is more beneficial from the environmental viewpoint, but 

chlorine has to be recovered from the by-product HCl, usually by means of the classical Deacon 

reaction:  

2HCl + 0.5O2→Cl2 +H2O  

 

In a new process proposed by Kellogg, the oxidation of HCl makes use of nitrosyl sulphuric 

acid (HNSO5) at 4 bar and 260–320 °C. The amount of by-products diminishes drastically, 

raising the overall yield to over 98 %. The gaseous emissions are reduced to practically zero. 

 

Commercially developed 

 

Level of environmental protection 

This technique achieves lower waste generation and lower emissions to air from incineration.  

Chlorinated waste from other processes may be incinerated to HCl and in this way recycled to 

the manufacturing of VCM. 
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The process is not safer, because Cl2 is manipulated at high pressure. Energy recovery from 

direct chlorination is more difficult than in oxychlorination because of the lower reaction 

temperature. 

 

Cost savings compared to existing BAT 

It uses very costly construction materials due to the high risks of HCl or chlorine leakage.  

Chance of becoming BAT in the future 

 

When it might become commercially available 

 

References 

See Kellogg process patents. 
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17 BEST AVAILABLE TECHNIQUES CONCLUSIONS 
 

17.1 Scope 
 

These BAT conclusions concern certain industrial activities as specified in Section 4.1 of Annex 

I to Directive 2010/75/EU, namely:  

 

"4.1.  Production of organic chemicals, such as: 

(a) simple hydrocarbons (linear or cyclic, saturated or unsaturated, aliphatic or 

aromatic); 

(b) oxygen-containing hydrocarbons such as alcohols, aldehydes, ketones, 

carboxylic acids, esters and mixtures of esters, acetates, ethers, peroxides and 

epoxy resins;  

(c) sulphurous hydrocarbons; 

(d) nitrogenous hydrocarbons such as amines, amides, nitrous compounds, nitro 

compounds or nitrate compounds, nitriles, cyanates, isocyanates; 

(e) phosphorus-containing hydrocarbons; 

(f) halogenic hydrocarbons; 

(g) organometallic compounds." 

 

These BAT conclusions cover the large scale production of such organic chemicals hereinafter 

known as large volume organic chemicals (LVOC). LVOC production takes place in large sites 

where synergies between different processes allow the integration of utilities, storage and/or 

abatement systems; or in sites where a limited range of products in large quantities are 

produced, typically more than 20kt/year.  LVOC production uses continuous processes, with 

infrequent shut downs and start-ups; is highly automated, requiring only limited manual 

intervention; and not readily adaptable to process or product changes. 

 

The TWG is requested to consider how the above definition of LVOC links with the definitions 

in other Chemical BREFs and whether a simplified definition of LVOC, e.g. 'All chemical 

plants of >20 kt/year producing organic chemicals in Section 4.1(1)to(g) of Annex I of the 

Directive'  would be more appropriate. 

 

These BAT conclusions do not cover the following activities as specified in Section 4.1 of 

Annex I to Directive 2010/75/EU, namely:  

 

"4.1.  Production of organic chemicals, such as: 

(h) plastic materials (polymers, synthetic fibres and cellulose-based fibres); 

(i)  synthetic rubbers; 

(j)  dyes and pigments; 

(k)  surface-active agents and surfactants." 

 

The interface between these LVOC BAT conclusions and those in other BREFs (CWW, LCP 

and WI) are described below: 

 Environmental Management Systems (EMS) are covered by the BAT conclusions on 

Common Waste Water and Waste Gas Treatment/Management Systems in the Chemical 

Sector (CWW BREF). 

 The collection and treatment of waste water in waste water treatment units. This is 

covered by the BAT conclusions on Common Waste Water and Waste Gas 

Treatment/Management Systems in the Chemical Sector (CWW BREF). These BAT 

conclusions cover process-integrated measures and recovery of materials at source. Waste 

water pretreatment is covered in both sets of BAT conclusions.  These BAT conclusions 

also cover final waste water treatment for a small number of specific pollutants or 

processes that did not form part of the BAT conclusions of the CWW BREF. 
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 The collection of waste gases is also covered by the BAT conclusions of the CWW 

BREF. These BAT conclusions cover process-integrated measures and the recovery of 

materials at source.  Both sets of BAT conclusions cover waste gas treatment.   

 Combustion units operated to generate electricity or energy are covered by the BAT 

conclusions on Large Combustion Plants (LCP BREF). These BAT conclusions cover 

combustion activities whose main aim is to perform a chemical reaction (such as lower 

olefin crackers). 

 The incineration of liquid and solid chemical wastes is covered by the BAT conclusions 

on Waste Incineration (WI BREF).  These BAT conclusions cover thermal oxidation 

processes for waste gas streams. The abatement of some pollutants, e.g. HCl in emissions 

to air from waste incinerators is covered in the BAT conclusions of both BREFS. 

 

Other reference documents that may be of relevance for the activities covered by these BAT 

conclusions are the following. 

 

BAT Reference documents Activity 

Common Waste Water and Waste Gas 

Treatment/Management Systems in the 

Chemical Sector (CWW) 

Waste water and waste gas management and 

treatment techniques. Environmental 

Management Systems (EMS) 

Industrial Cooling Systems (ICS) Cooling processes 

Emissions from Storage (EFS) 
Storage, blending, loading and unloading of 

raw materials, intermediates and products 

Energy Efficiency (ENE) 
Energy efficiency and energy integration and 

management 

Large Combustion Plants (LCP) 
Burning of mixed fuels including in 

combustion plants 

Large Volume Inorganic Chemicals - 

Ammonia, Acids and Fertilisers Industries 

(LVIC-AAF) 

Steam reforming and hydrogen  

Refining of Mineral Oil and Gas  (REF) 
Operation of catalytic cracking process and 

sulphur recovery units. 

Waste Incineration (WI) Hazardous chemical waste incinerators 

Waste Treatments (WT) Waste recovery and treatment 

Reference documents Activity 

Economics and Cross-media Effects (ECM) 
Economics and cross-media effects of 

techniques 

Reference Report on Monitoring (ROM) Monitoring of emissions to air and water 
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17.2 General considerations 
 

These BAT conclusions are in addition to the BAT conclusions on the Common Waste Water 

and Waste Gas Treatment/Management Systems in the Chemical Sector (CWW) BREF. 

 

The techniques listed and described in these BAT conclusions are neither prescriptive nor 

exhaustive. Other techniques may be used that ensure at least an equivalent level of 

environmental protection. 

 

Unless otherwise stated, the BAT conclusions presented are generally applicable. 

 

17.2.1 Averaging periods and reference conditions for emissions to air 
 

Unless otherwise stated, the emission levels associated with the best available techniques (BAT-

AELs) for emissions to air given in these BAT conclusions refer to monthly average values of 

mass of emitted substances per volume of waste gas under normal operating conditions (273.15 

K, 101.3 kPa), after deduction of water vapour content and expressed in the units g/Nm
3
, 

mg/Nm
3
, µg/Nm

3
 or ng/Nm

3
. 

 

Unless otherwise stated, the averaging periods associated with the BAT-AELs for emissions to 

air are defined as follows: 

 

For continuous measurements  

Monthly average: average over a period of one 

month based on valid hourly averages. 

Daily average: average over a period of one day 

based on valid hourly averages. 

For periodic measurements The average of three spot samples of at least 30 

minutes each. 

 

In some specific cases there may be a need to apply a different sampling procedure (e.g. shorter 

or longer sampling duration, higher frequency). This is described in these BAT conclusions, 

where necessary. 

 

For combustion, cracking processes and sulphur recovery units (aromatics), the reference 

conditions for the oxygen content of the waste gases are shown in the table below. 

 

Activities Unit Oxygen reference conditions 

Combustion process using solid, liquid or 

gaseous fuels 
mg/Nm

3
 3 % oxygen by volume 

Cracking processes (e.g. EDC pyrolysis or 

lower olefin crackers) 
mg/Nm

3
 3 % oxygen by volume 

Thermal oxidiser mg/Nm
3
 11 % oxygen by volume 

Note: For non-combustion sources, oxygen reference conditions do not apply 

 

Conversion to reference oxygen concentration 

The formula for calculating the emissions concentration at a reference oxygen level (see table 

above) is shown below. 

 
Where: 

ER (mg/Nm
3
): emissions concentration corrected to the reference oxygen level OR  

OR (vol %): reference oxygen level 

EM (mg/Nm
3
): emissions concentration referred to the measured oxygen level OM 

OM (vol %): measured oxygen level. 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 17 

666 April 2014 SH/TS/EIPPCB/LVOC Draft 1 

17.2.2 Averaging periods and reference conditions for emissions to 
water 

 

Emission levels associated with best available techniques (BAT-AELs) for emissions to water 

given in these BAT conclusions refer to values of mass of emitted substances per volume of 

water expressed in g/l, mg/l or µg/l. Unless otherwise stated, the BAT-AELs refer to flow-

weighted yearly averages of 24-hour flow-proportional composite samples, taken with the 

minimum frequency set for the relevant parameter and under normal operating conditions.  The 

average of time-proportional samples can be used provided that sufficient flow stability is 

demonstrated. 

 

The flow-weighted yearly average is calculated using the following equation: 

 

 
 

where  cw = flow-weighted average concentration of the parameter;  

n = number of measurements;  

ci = average concentration of the parameter during ith time period;  

qi = average flow rate during ith time period. 

 

17.2.3 Definitions and acronyms 
 

For the purposes of these BAT conclusions, the following acronyms apply. 

 

Acronyms Definition 

DNT Dinitrotoluene 

EA Ethanolamines 

EB Ethylbenzene 

EBD Ethylbenzene dehydrogenation 

EDC Ethylene dichloride 

EG Ethylene glycol 

EMS Environmental Management System 

EO Ethylene oxide 

ESP Electro static precipitator 

FA Formaldehyde 

FCC Fluid catalytic cracker 

GC Gas chromatography 

H2O2 Hydrogen peroxide 

LDAR Leak detection and repair programme 

LO Lower olefins 

MDA Methylene diphenyl  diamine 

MDI Methylene diphenyl diisocyanate 

MHP Methyl hydroperoxide  

MO Molybdenum oxide 

NMVOC Non methane volatile organic compound 

OHP Humide oxidation 

PCB Polychlorinated biphenyls 

PCDD/F Polychlorinated dibenzodioxins and furans 

PO Propylene oxide 

PRU Phenol recovery unit 

PSA Pressure swing adsorption 

SCR Selective catalytic reduction 

SM Styrene monomer 
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SNCR Selective non catalytic reduction 

SRU Sulphur recovery unit 

TDA Toluene diamine 

TDI  Toluene diisocyanate 

TEQ Toxicity equivalence 

VOC Volatile organic compounds 

VCM Vinyl chloride monomer 

WWT Waste water treatment 

 

For the purpose of these BAT conclusions, the following definitions apply. 

 
Term used Definition 

Unit 
A segment/subpart of a plant in which a specific processing operation is 

conducted 

New plant 

A plant first permitted on the site of the installation following the 

publication of these BAT conclusions or a complete replacement of a 

plant following the publication of these BAT conclusions 

Existing plant  A plant that is not a new plant 

Major retrofit 

Significant changes implemented into the plant configuration (e.g. new 

process units that require a similar level of investment to the original 

plant) 

Process off-gas 
The gas generated by a process normally prior to any treatment, e.g. in a 

thermal oxidiser 

Flue-gas 
The exhaust gas exiting a unit after a chemical reaction step or 

combustion 

VOCs Volatile organic compounds as defined in Directive 2010/75/EU 

Diffuse VOC emissions 

Non-channelled VOC emissions that are not released via specific emission 

points such as stacks. They can result from 'area' sources (e.g. tanks) or 

'point' sources (e.g. pipe flanges) 

NOX expressed as NO2 
The sum of nitrogen oxide (NO) and nitrogen dioxide (NO2) expressed as 

NO2 

SOX expressed as SO2 
The sum of sulphur dioxide (SO2) and sulphur trioxide (SO3) expressed as 

SO2 

H2S  Hydrogen sulphides. Carbonyl sulphide and mercaptans are not included 

Hydrogen chloride 

expressed as HCl 
All gaseous chlorides expressed as HCl 

Combustion unit  

Liquid, gas, solid or multi-fuel fired unit burning fuels for the production 

of energy. Combustion units include boilers, furnaces, and gas turbines, or 

chemical conversion units such as lower olefin crackers, but not 

abatement devices such as thermal oxidisers 

Continuous measurement  

 
Measurement using an 'automated measuring system' (AMS) or a 

'continuous emission monitoring system' (CEMS) 

Periodic measurement 

 

Determination of a measurand (particular quantity subject to 

measurement) at specified time intervals using manual or automated 

reference methods for a specified period of time 

Indirect monitoring of 

emissions to air 

Estimation of the pollutant emissions concentration in the flue-gas as 

obtained through an appropriate combination of measurements of 

surrogate parameters (such as O2 content, sulphur or nitrogen content in 

the feed/fuel), calculations and periodic stack measurements. The use of 

emission ratios based on S content in the fuel is one example of indirect 

monitoring 

Volatile liquid hydrocarbon 

compounds 
Organic compounds that have Reid Vapour Pressure  > 4 KPa 
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17.3 General BAT conclusions 
 

17.3.1 Environmental management systems 
 

There are no BAT conclusions on environmental management systems specific to LVOC in 

addition to those in the BAT conclusions of other relevant BREFs. 

 

17.3.2 BAT conclusions on monitoring 
 

17.3.2.1 Emissions to air 
 

BAT 1. BAT is to monitor emissions to air in accordance with the relevant EN 

standard and with the minimum frequency given in the table below. If EN standards are 

not available, BAT is to use ISO, national or international standards that ensure the 

provision of data of an equivalent scientific quality.  

 
Substance / Parameter Standard(s) (

1
) Minimum Frequency (

2
)(

3
) 

Dust 
EN 13284-2 Continuous 

EN 13284-1 
Monthly for periodic 

measurement 

SOX expressed as SO2 

 Continuous 

EN 14791 
Monthly for periodic 

measurement 

NOX expressed as NO2 

 Continuous 

EN 14792 
Monthly for periodic 

measurement 

CO 
 

Continuous 

NH3 

 

Continuous when using 

SCR/SNCR 

No EN standard available 

sampling in accordance with  

EN 14791 

Monthly for periodic 

measurement 

Cl2 No EN standard available 
Monthly for periodic 

measurement 

HCl EN 1911 
Monthly for periodic 

measurement 

H2S 

No EN standard available 

sampling in accordance with  

EN 14791 

Monthly for periodic 

measurement 

Methane  Continuous 

TOC / VOC  Continuous 

Individual VOCs: (e.g. 

benzene, ethylene oxide, 

formaldehyde) 

EN 13649 
Monthly for periodic 

measurement 

Individual chlorinated 

hydrocarbons: (e.g. EDC, 

VCM, phosgene) 

EN 13649 
Monthly for periodic 

measurement 

Dioxins and furans and PCBs EN 1948-1,2,3 
Twice per year for periodic 

measurement 
(1) EN14181 is applicable to all continuous air emissions monitoring. 

(
2
) Continuous measurement should be carried out unless otherwise stated in the BAT-AEL. Minimum monitoring 

frequency refers only when periodic monitoring is carried out. 

(
3
) Where (continuous) measurements are carried out, this shall include the measurement of oxygen content (for 

thermal processes), temperature, pressure and water vapour content of the waste gases. The (continuous) 

measurement of water content shall not be necessary where the sampled waste gas is dried before the emissions are 

analysed. 

 

[This BAT conclusion is based on information given in Section 2.4.2] 
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BAT 2. BAT is to monitor the nitrogen and sulphur content of fuels or feedstocks used 

in combustion units whose purpose is to carry out process reactions (e.g. cracking furnaces 

in lower olefin and EDC production), in accordance with the relevant EN standard, with a 

frequency based on the frequency of fuel / feed changes. If EN standards are not available, 

BAT is to use ISO, national or international standards that ensure the provision of data of 

an equivalent scientific quality.  

 

Applicability 

Not applicable where continuous monitoring of NOX and SO2 in the flue-gas is carried out. 

 

[This BAT conclusion is based on information given in Section 2.4.2.1.1] 

 

17.3.2.2 Diffuse emissions of VOCs 
 

BAT 3. In order to prevent or reduce diffuse VOC emissions to air, BAT is to carry 

out targeted monitoring of pollutant concentration in ambient air. 

 

Applicability 

Applicable where determined by the outcome of a risk assessment, as part of a leak detection 

and repair (LDAR) programme. 

 

[This conclusion is based on information given in Section 2.4.2.1.3] 

 

17.3.2.3 Odour emissions 
 

There are no BAT conclusions on the monitoring of odour emissions specific to LVOC in 

addition to those in the BAT conclusions of other relevant BREFs. 

 

17.3.2.4 Emissions to water 
 

BAT 4. BAT is to monitor key process parameters relevant for emissions to water as 

identified by the inventory of waste water streams as part of the EMS (i.e. the pollutant 

loads arising from the process and/or waste water pretreatment discharged to further or 

final waste water treatment). This shall include continuous monitoring of waste water 

flow, pH and temperature.  

 

Applicability 

Not applicable to plants where no waste water is generated. 

 

[This BAT conclusion is based on information given in Section 2.4.2.2] 

 

BAT 5. BAT is to monitor emissions to water, (i.e. the pollutant loads arising from the 

process and/or waste water pretreatment discharged to further or final waste water 

treatment), in accordance with the relevant EN standards with at least the frequency given 

in the table below. If EN standards are not available, BAT is to use ISO, national or other 

international standards that ensure the provision of data of an equivalent scientific 

quality. 

 
Substance / Parameter Standard(s) Minimum Frequency 

Copper No EN standard available Twice per year 

Dioxins (TEQ) No EN standard available Twice per year 

Total organic carbon (TOC) EN 1484 Daily 

Methyl hydroperoxide No EN standard available Weekly 

Specific chlorinated 

hydrocarbons  (e.g. EDC and 

VCM) 

No EN standard available Weekly 

Sulphides (S
2-

) No EN standard available Weekly 
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Applicability  

Applies to those substances/parameters where a BAT-AEL or BAT-AEPL has been set in these 

BAT conclusions.   

 

[This BAT conclusion is based on information given in Section 2.4.2.2] 

 

17.3.2.5 Residues and waste 
 

BAT 6. BAT is to periodically monitor solid waste/residue composition in order to 

evaluate the alternatives to waste disposal (e.g. landfill or incineration) and to enable 

alternative techniques such as material reuse/recycling or energy recovery to be used.  

 

[This BAT conclusion is based on information given in Section 2.4.9.2] 

 

17.3.2.6 Environmental performance and benchmarking 
 

BAT 7. BAT is to establish an appropriate set of environmental performance 

indicators, together with associated monitoring, for individual processes and for the site as 

a whole, based on an assessment of the environmental impact (e.g. specific energy or water 

consumption, pollutant load in certain streams, consumption of catalyst, etc.).  

 

[This BAT conclusion is based on information given in Section 2.4.1] 

 

17.3.3 BAT conclusions on emissions to air 
 

[Note to TWG: The EIPPCB may look to bring more of the BAT conclusions and BAT-AELs 

into this generic section, where they can be applied more widely across the whole sector.] 

 

BAT 8. In order to facilitate the recovery of substances and the reduction of emissions 

to air, BAT is to capture the emission sources, where possible, by applying both of the 

techniques given below. 

 
 Technique Description Applicability 

Process-integrated techniques 

a. 
Channelling of waste gas 

streams 

A technique for collecting emissions 

from one or a number of different process 

vents into a common pipework system, 

so that suitable abatement techniques can 

be applied to the combined stream 

Applicability may be 

restricted by operability, 

safety or operator 

exposure 

b. 

Dedicated and closed 

system for collection of 

diffuse emissions 

This is a technique for preventing diffuse 

emissions and/or for capturing and 

channelling emissions that would 

otherwise be diffuse, for treatment close 

to their source 

Generally applicable, 

particularly for 

hazardous and / or toxic 

materials, or when 

recovery at source is 

more cost effective than 

final treatment 

 

[This BAT conclusion is based on the information given in Section 2.4.3.1-2] 

 

BAT 9. In order to reduce emissions to air, BAT is to use an integrated waste gas 

management and treatment strategy that includes an appropriate combination of process-

integrated and treatment techniques for individual and for combined streams including 

the most effective sequence of treatment techniques. 

 

Description 

The integrated waste gas management and treatment strategy is based on the inventory of waste 

gas streams (part of the EMS) giving priority to prevention techniques, then material recovery, 

energy recovery and finally abatement. Consideration should be given to treating streams 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 17 

SH/TS/EIPPCB/LVOC Draft 1 April 2014 671 

individually or collectively and where streams contain multiple pollutants, the sequence in 

which treatment techniques should be applied. 

 

[This BAT conclusion is based on the information given in Section 2.4.3] 

 

BAT 10. In order to reduce emissions to air, (as part of an integrated waste gas 

management and treatment strategy, see BAT 9), BAT is to the recover feedstock or by-

products from individual and/or combined emission sources using an appropriate 

combination of the techniques given below. 

 
 Technique Description Applicability 

Process-integrated techniques 

a. 
Recovery and reuse of 

hydrogen 

A system (piping, compressors, etc.) to 

enable the reuse of hydrogen-rich streams 

in the feed of hydrogenation reactions 

Applicable to 

hydrogenation units 

b. 
Recovery and reuse of 

gaseous hydrocarbons  

A compressor to recover valuable 

compounds for recycling or reuse 

Applicable to process 

vents containing 

unreacted feedstocks 

Recovery of pollutants at source 

c. 
Recovery and purification 

of hydrogen by PSA 

Pressure swing adsorption (PSA) is a 

technique where gas molecules are 

adsorbed on a solid (e.g. molecular sieve) 

at high pressure, and subsequently 

desorbed in more concentrated form at 

lower pressure for reuse 

Applicable to process 

streams and waste gas 

streams containing H2. 

Applicability may be 

limited where H2 is 

<0.5% 

d. 
Recovery and reuse of 

spent air 

In oxidation reactions that are fed with 

air, there is  a large volume of spent air 

and this stream can be used as a low 

purity nitrogen utility 

Applicability may be 

limited by available 

uses for low purity 

nitrogen or process 

safety considerations 

e. 

Recovery and purification 

of HCl from waste gas 

streams 

Gaseous HCl is absorbed in water using a 

wet scrubber.  HCl can then be recovered 

and purified for reuse or oxidised to 

chlorine by electrolysis 

Applicable to waste gas 

streams containing HCl 

f. 
Recovery of sulphur from 

process streams  

Maximise the use of regenerative amine 

scrubbers for removing sulphidic species 

from process gas streams. Utilise sulphur 

recovery units for the regeneration and 

sulphur recovery. This technique results 

in reduced emissions indirectly by 

recovering sulphur from the process that 

might otherwise be emitted as SO2 

Applicability may be 

restricted if the process 

is located remotely from 

a refinery 

 

[This BAT conclusion is based on information given in Sections 2.4.4.5.1 (10a, 10c), 2.4.4.5.2 

(10b), 2.4.4.5.3 (10d), 2.4.4.2.1 (10e) & 2.4.4.2.2 (10f)] 

 

BAT 11. In order to prevent or reduce emissions to air from flares, (as part of an 

integrated waste gas management and treatment strategy, see BAT 9), BAT is to channel 

emission sources to one or a combination of the waste gas treatment techniques given 

below, and to use flaring only for safety reasons or non-routine operational conditions.  

 
 Technique Description Applicability (

1
) 

Energy recovery 

a. 
Recover energy from 

waste gas streams 

Design and operate a (shared) compressor 

to channel the emission stream to recover 

to recover gases (e.g. methane which may 

include some hydrogen, ethane, propane, 

etc.) which can be used as fuel in 

combustion plants 

Applicability may be 

restricted by the design 

of the fuel recovery and 

management system 

Final abatement 
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b. Catalytic oxidation 

Catalytic oxidisation is the thermal 

oxidation within a catalyst bed. The 

catalyst enables conversion at lower 

temperatures and in smaller equipment 

than in thermal oxidisers  

Generally applicable 

c. Thermal oxidation 

Thermal oxidation (sometimes referred to 

as 'incineration') is the oxidation of 

combustible gases and odours by heating 

the mixture of contaminants with air or 

oxygen above its autoignition point in a 

combustion chamber and maintaining it 

at a high temperature long enough to 

complete its combustion to carbon 

dioxide and water 

Generally applicable 

(1) Applicability may be restricted where emissions are less than 1 tonne/day of VOCs. 

 

[This BAT conclusion is based on information given in Sections 2.4.7.2.2(11a), 2.4.4.1.2(11b) & 

2.4.4.1.5(11c)] 

 

BAT 12. In order to reduce NOX emissions to air from the combustion of fuels 

providing direct heat for chemical reactions (e.g. crackers or pyrolysis), BAT is to use an 

appropriate combination of the techniques given below. 

 
 Technique Description Applicability 

Selection of fuel 

a. 
Use of gas to replace 

liquid fuel 

Gaseous fuels generally contains less 

nitrogen than liquid fuels and their 

combustion leads to lower levels of NOX 

emissions 

Generally applicable 

Primary techniques 

b. 
Staged combustion - air 

staging and/or fuel staging 

Air staging – involves substoichiometric 

firing and the addition of the remaining 

air or oxygen to the furnace to complete 

combustion 

Fuel staging – a low impulse primary 

flame is developed in the port neck; a 

secondary flame covers the root of the 

primary flame reducing its core 

temperature 

Fuel staging for mixed 

or liquid firing may 

require a specific burner 

design   

c. 
Optimisation of 

combustion conditions 

Based on continuous monitoring and 

control of appropriate combustion 

parameters (e.g. O2, CO content, fuel–air 

(or oxygen) ratio, and unburnt 

components), for achieving the best 

combustion conditions 

Generally applicable 

d. Flue-gas recirculation 

The reinjection of waste gas from the 

furnace into the combustion chamber to 

reduce the oxygen content and therefore 

the temperature of the flame. 

The use of special burners is based on the 

internal recirculation of combustion gases 

that cool the root of the flames and 

reduce the oxygen content in the hottest 

part of the flames 

Applicable through the 

use of specific burners 

with internal 

recirculation of flue gas. 

Applicability may be 

restricted  to retrofitting 

external flue-gas 

recirculation to units 

with a forced/ induced 

draught mode of 

operation 
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e. 
Use of low-NOX burners 

(LNB)   

The technique (including ultra-low-NOX 

burners) is based on the principles of 

reducing peak flame temperatures, 

delaying but completing the combustion 

and increasing the heat transfer 

(increased emissivity of the flame). It 

may be associated with a modified design 

of the furnace combustion chamber. The 

design of ultra-low-NOX burners (ULNB) 

includes combustion staging (air/fuel) 

and flue-gas recirculation  

Applicability may be 

restricted for retrofitting 

existing units where 

complexity depends on 

site-specific conditions, 

e.g. furnace design, 

surrounding devices 

 

Secondary techniques 

f. 
Selective catalytic 

reduction (SCR) 

The technique is based on the reduction 

of NOX to nitrogen in a catalytic bed by 

reaction with ammonia (in general, 

aqueous solution) at an optimum 

operating temperature of around 300–450 

°C. One or two layers of catalyst may be 

applied. A higher NOX reduction is 

achieved with the use of higher amounts 

of catalyst (two layers) 

Retrofitting to an 

existing unit may be 

constrained by space 

limitations and the 

requirements for 

optimal reactant 

injection 

g. 
Selective non-catalytic 

reduction (SNCR) 

The technique is based on the reduction 

of NOX to nitrogen by reaction with 

ammonia or urea at a high temperature.  

The operating temperature window must 

be maintained between 900°C and 

1050°C for optimal reaction 

Retrofitting to an 

existing unit may be 

constrained by the 

requirement for the 

temperature window 

and the residence time 

needed for reactant 

injection 

h. 
Low temperature NOX 

oxidation 

The low temperature oxidation process 

injects ozone into a flue-gas stream at 

optimal temperatures below 150ºC, to 

oxidise insoluble NO and NO2 to highly 

soluble N2O5. The N2O5 is removed in a 

wet scrubber by forming dilute nitric acid 

that can be used in plant processes or 

neutralised for release and may need 

additional nitrogen removal. Ozone 

generation and associated risk 

management needs to be properly 

addressed 

New units or major 

retrofits 

 

BAT-associated emission levels (BAT-AELs) – see Tables 17.4 (lower olefins) and 17.24 

(EDC/VCM) 

 

[This BAT conclusion is based on information given in Sections 2.4.4.4.1 &2.4.4.4.2] 

 

BAT 13. In order to prevent or reduce ammonia emissions to air when applying 

selective catalytic reduction (SCR) or selective non-catalytic reduction (SNCR) techniques, 

BAT is to maintain operating conditions that minimise emissions of ammonia.  

 

BAT-associated emission level (BAT-AEL): see Table 17.1. 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 17 

674 April 2014 SH/TS/EIPPCB/LVOC Draft 1 

Table 17.1: BAT-AEL for ammonia (NH3) emissions to air when using SCR or SNCR 

techniques  

Parameter 

BAT-AEL 
(monthly average) 

mg/Nm
3
 

Ammonia, expressed as NH3 < 5–15 (
1
)(

2
)  

(1) The higher levels are associated with higher inlet NOX concentrations, improved NOX reduction rates and catalyst 

ageing. 

(2) The lower end of the range is associated with the use of SCR. 

The associated monitoring is in BAT 1. 

 

[This BAT conclusion is based on information given in Sections 2.4.4.4.2 and 4.4.1.2.2] 

 

BAT 14. In order to prevent or reduce dust emissions to air from the combustion of 

fuels providing direct heat for chemical reactions (e.g. crackers or pyrolysis), BAT is to 

use an appropriate combination of the techniques given below.  

 
 Technique Description Applicability 

Selection of fuel 

a. 
Use of gas to replace 

liquid fuel 

Gas instead of liquid fuel leads to lower 

levels of dust emissions 
Generally applicable 

Primary techniques 

b. 
Optimisation of 

combustion conditions 
See BAT 12c Generally applicable 

c. Atomisation of liquid fuel 

Use of high pressure to reduce the droplet 

size of liquid fuel. Recent optimal burner 

design generally includes steam 

atomisation 

Generally applicable  to 

liquid fuel firing 

Secondary techniques 

d. 
Electrostatic precipitator 

(ESP) 

In ESPs particles are charged and 

separated under the influence of an 

electrical field. ESPs are capable of 

operating over a wide range of 

conditions. Abatement efficiency may 

depend on number of fields, residence 

time (size), catalyst properties and 

upstream dust removal devices. ESPs 

may be used in a dry mode or with 

ammonia injection to improve the dust 

collection 

Generally applicable 

e. 
Third stage blow back 

filter 

Fabric, ceramic or metal filter. Filter cake 

is removed and recovered using reverse 

air jet 

Generally applicable 

f. Wet dust scrubber 

In wet dust scrubbing, simultaneous 

removal of solid and gaseous compounds 

may be achieved. The resulting liquid has 

to be treated by a waste water process 

and the insoluble matter is collected by 

sedimentation or filtration 

Applicability may be 

limited by space 

restrictions or where the 

spent scrubbing liquor 

cannot be reused or 

appropriately disposed 

of 

g. Centrifugal washers 

Centrifugal washers combine the cyclone 

principle and an intensive contact with 

water, e.g. Venturi washer or wet 

cyclones 

Generally applicable 

 

BAT-associated emission levels (BAT-AELs) – see Tables 17.4 (lower olefins) and 17.24 

(EDC/VCM) 
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[This BAT conclusion is based on information given in Sections 2.4.4.3 and 2.4.4.4] 

 

BAT 15. In order to prevent or reduce SOX emissions to air from the combustion of 

fuels providing direct heat for chemical reactions (e.g. crackers or pyrolysis), BAT is to 

use one or a combination of the techniques given below. 

  
 Technique Description Applicability 

Selection of fuel 

a. 
Use of gas to replace 

liquid fuel  

Gas instead of liquid fuel leads to lower 

levels of SOX emissions  
Applicability may be 

limited by the 

availability of low 

sulphur fuels 
b. 

Use of low sulphur liquid 

fuels. 

Favour the use of liquid fuel oils with a 

low sulphur content 

Secondary techniques 

 

c. 

 

Wet scrubbing 

A non-regenerative scrubbing technique 

that uses an alkaline reagent (e.g. sodium 

hydroxide) to absorb SOX, generally as 

sulphates 
Applicability of the 

technique may be 

limited by the 

availability of 

significant space 
d. 

Sorbent injection (dry 

scrubbing) 

A non-regenerative scrubbing technique 

that uses a solid reagent (e.g. limestone) 

in combination with a fabric filter) to 

remove the used reagent from the gas 

stream 

 

BAT-associated emission levels (BAT-AELs) – see Tables 17.4 (lower olefins) and 17.24 

(EDC/VCM) 

  

[This BAT conclusion is based on information given in Sections 2.4.4.4.1 &2.4.4.4.2] 

 

BAT 16. In order to prevent or reduce carbon monoxide (CO) emissions to air from the 

combustion of fuels providing direct heat for chemical reactions (e.g. crackers or 

pyrolysis), BAT is to optimise combustion conditions.  

 

Description 

See BAT 12c. 

 

BAT-associated emission levels (BAT-AELs) – see Tables 17.4 (lower olefins) and 17.24 

(EDC/VCM) 

  

[This BAT conclusion is based on information given in Section 2.4.4.4.1] 

 

BAT 17. In order to prevent or reduce emissions of acid gases to air from distillation 

units, BAT is to ensure the appropriate treatment of process off-gases (such as a wet gas 

scrubber), especially incondensable off-gases, by acid gas removal prior to further use or 

release. 

 

Applicability 

Applicable for processes (e.g. the production of lower olefins, EDC/VCM and TDI/MDI) where 

distillation unit emissions contain acidic compounds that may also be toxic. May not be 

applicable to processes with emissions of less than 1 tonne/day of sulphur compounds. In 

specific units' configurations, applicability may be restricted by for example the need for a large 

amount of piping or compressors. 

 

[This BAT conclusion is based on information given in Sections 2.4.4.2] 

 

BAT 18. In order to prevent or reduce emissions of sulphurous compounds to air or 

water, BAT is to recover sulphur from gaseous process streams and from the acid off-
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gases of sour water stripping units, e.g. using a regenerative (e.g. amine) scrubber or 

sulphur recovery unit (SRU). It is not BAT to directly incinerate these off-gases without 

pretreatment. 

 

[This BAT conclusion is based on information given in Section 2.4.4.2.2]. 

 

BAT 19. In order to prevent or reduce emissions to air of SOX, NOX, VOCs and CO 

from catalytic and thermal oxidisers, BAT is to use an appropriate combination of the 

techniques given below. 

 
 Technique Description Applicability 

a. 

Primary measures for NOX 

Apply techniques described in BAT 12a 

& BAT 12c  
Generally applicable 

b. 
Apply techniques described in BAT 12b, 

BAT 12d & BAT 12e. 
Only applicable to 

thermal oxidisers c. 
Secondary measures for 

NOX 

Apply techniques described in BAT 12f 

& BAT 12g 

d. Primary measures for SOX Apply technique described in BAT 15a 

 

[This BAT conclusion is based on information given in Section 2.4.4.1.5, 2.4.4.4.1 and 

2.4.4.4.2] 

 

BAT-associated emission levels (BAT-AELs): see Table 17.2 

 
Table 17.2: BAT-AELs for oxidation/combustion cross-media emissions from vent gas 

treatment systems 

Parameter 

BAT-AEL 

mg/Nm
3
 (11% O2) 

(monthly average) 

Oxides of nitrogen NOX (NO & 

NO2), expressed as NO2 
20–100 

SO2   (
1
)  2–10 

VOCs (
2
) 1–5 

CO 5–10 

(1) This BAT-AEL applies when sulphur compounds are present in the fuel, but not in the waste gas.  A more specific 

BAT-AEL may apply when sulphur is present in the waste gas.  

(2) This BAT-AEL applies except when a more specific BAT-AEL has been set for the oxidation of certain organic 

species in other parts of these BAT conclusions. 

The associated monitoring is in BAT 1. 

 

[This BAT conclusion is based on information given in Section 16.4.1.6 and 16.4.1.7, EDC 

Chapter] 

 

BAT 20. In order to prevent or reduce VOC emissions to air from the storage of 

volatile liquid hydrocarbons, BAT is to use floating roof storage tanks equipped with high 

efficiency seals or a fixed roof tank connected to a vapour recovery system. 

 

Description 

High efficiency seals are devices specifically designed to limit vapour losses, e.g. improved 

primary seals, additional multiple (secondary or tertiary) seals (according to the quantity 

emitted). 

 

Applicability 

The applicability of high efficiency seals may be restricted for retrofitting tertiary seals in 

existing tanks. 

 

[These BAT conclusions are based on information given in Section 2.4.6.5] 
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BAT 21. In order to prevent or reduce VOC emissions to air from loading and 

unloading volatile liquid hydrocarbons, BAT is to use one or a combination of the vapour 

recovery techniques given in the table below to reach a recovery rate of at least 95%. 

 
 Technique Description Applicability (

1
) 

a. Condensation 

Condensation is a technique that captures 

solvent vapours from a waste gas stream 

by reducing its temperature below its dew 

point 

Generally applicable  

b. Wet gas scrubbing 

Wet scrubbing (or absorption) is a mass 

transfer between a soluble gas and a 

solvent (e.g. water, alkaline solution) in 

contact with each other 

c. Adsorption 

Adsorption is a heterogeneous reaction in 

which gas molecules are retained on a 

solid or liquid surface (adsorbent also 

referred to as a molecular sieve) that 

prefers specific compounds to others and 

thus removes them from effluent streams 

d. Membrane separation 

A selective membrane, which results in a 

more concentrated hydrocarbon stream 

for recovery 

(1) Thermal oxidation of vapours may be used if vapour recovery is unsafe or technically impossible because of the 

volume of return vapour. 

 

BAT-associated emission levels (BAT-AEL): see Table 17.3. 

 
Table 17.3: BAT-associated emission levels for non-methane VOCs and benzene emissions to 

air from vapour recovery units (VRUs) during loading and unloading 

Parameter 
BAT-AEL  

(hourly values)(
1
) 

Non-methane volatile organic compounds  (NMVOCs) 0.15–10 g/Nm
3 (2)

 

Benzene (
3
) < 1 mg/Nm

3
 

(1) Hourly average values in continuous operation expressed and measured according to Directive 94/63/EC. 

(2) The lower end of this range is achievable with two or more techniques; the upper end of this range is achievable 

with single-stage adsorption or membrane systems. 

(3) Benzene monitoring may not be necessary when NMVOC emissions are at the lower end of the range. 

The associated monitoring is in BAT 1. 

 

[This BAT conclusion is based on information given in Sections 2.4.4.1 and 2.4.6.5] 

 

17.3.4 BAT conclusion on emissions to water 
 

BAT 22. In order to reduce emissions to water, BAT is to use an integrated waste water 

management and treatment strategy that includes an appropriate combination of the 

techniques given below. 

 
 Technique Description 

a Process-integrated techniques (
1
) Techniques that reduce the generation of water pollutants 

b 
Recovery of pollutants at source 

(
1
) 

Techniques to abate or recover pollutants prior to their 

discharge to the waste water collection system 

c Waste water pretreatment (
1
)(

2
) 

Techniques to abate pollutants before the final waste water 

treatment. Pretreatment can be carried out at source or in 

combined streams 
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d Final waste water treatment (
2
) 

Final waste water treatment by, for example, preliminary and 

primary treatment, biological treatment, nitrogen removal, 

phosphorous removal and/or final solids removal techniques 

before discharge to a receiving water body 
(1) Within the scope of these BAT conclusions. 

(2) Within the scope of the BREF for Common Waste Water and Waste Gas Treatment/Management Systems in the 

Chemical Sector (CWW) 

 

Description 

The integrated waste water management and treatment strategy is based on the inventory of 

waste water streams (part of the EMS) giving priority to the techniques from BAT 22a to BAT 

22d. 

 

[This BAT conclusion is based on information given in Section 2.4.5] 

 

17.3.5 BAT conclusions on raw material consumption 
 

BAT 23. In order to maximise the operational life of catalysts, to ensure high levels of 

conversion of raw materials, to minimise emissions to air and water, and to minimise the 

generation of spent catalyst residues, BAT is to apply a combination of the techniques 

given below. 

 
 Technique Description 

Process-integrated techniques 

a. Catalyst selection 

Catalyst selection to take into account the following factors: 

 - the chemical make-up and its physical characteristics to maximise 

the effectiveness and operating life of the chosen catalyst system; 

 - the use of high activity forms of the catalyst; 

 - the elimination or reduction of by-product formation; 

 - the vulnerability of catalysts to poisons that may be present in the 

feed; 

 - the use of noble metal (e.g. silver, platinum) catalysts instead of 

heavy metal catalysts to eliminate or reduce emissions or wastes 

contaminated with heavy metals 

b. 
Catalyst degradation 

avoidance 

Measures taken upstream of the use of the catalyst to reduce those 

impurities in the feed that will increase the rate of catalyst 

degradation 

c. Process optimisation 
Control of reactor conditions, e.g. temperature, pressure, to ensure 

the optimal balance between conversion and catalyst life 

d. 
Ensure catalyst 

performance 
Monitoring of conversion to detect onset of catalyst decay 

 

Applicability 

Applicable to those processes and reactions that use catalysts. 

 

[This BAT conclusion is based on the information given in Sections 2.4.6.3.1-3] 

 

BAT 24. In order to prevent releases of mercury and mercury compounds to the 

environment, it is not BAT to use catalysts that contain mercury for the production of 

vinyl chloride monomer or acetaldehydes.  

 

[This BAT conclusion is based on the information given in Section 2.4.6.4] 
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17.3.6 BAT conclusions on energy efficiency 
 

BAT 25. In order to use energy efficiently, BAT is to use an appropriate combination of 

the techniques given below. 

 
 Technique Description Applicability 

Process design techniques 

a. Heat integration 

A group of techniques to maximise the 

use of excess heat from a process or 

processes in other parts of the process or 

processes where heat input is required 

Generally applicable 

b. Pinch analysis 

A structured design methodology for 

optimising the overall level of heat 

integration that can be achieved on a site 

wide basis 

Generally applicable 

c. 
Recover energy from 

waste gas streams 
See BAT 11a See BAT 11a 

d. 
Use of combined heat and 

power 

Co-production of electricity and steam 

for use in the process 

When electricity is 

generated on site 

e. 
Use of combined cycle gas 

turbine 

A technique to generate electricity at 

higher efficiency than conventional steam 

boilers 

Applicability may be 

restricted by availability 

of gaseous fuel (or 

gasification of other 

fuels) 

f. 

Recovery of excess energy 

to provide heat and/or 

electrical power 

Use of energy recovery devices, e.g. 

waste heat boiler, to provide heat to e.g. 

space heating or district heating 

Generally applicable 

Process control and maintenance techniques 

g. Process optimisation 

Automated controlled combustion,  in 

order to lower fuel consumption per 

tonne of feed processed, often combined 

with heat integration for improving 

furnace efficiency 

Generally applicable 

h. 

Management and 

reduction of steam 

consumption 

Systematic mapping of steam losses, e.g. 

drain valve systems in order to reduce 

steam consumption and optimise its use 

Generally applicable 

Energy efficient production techniques 

i. 
Energetically coupled 

distillation 

If distillation is carried out in two steps 

(two columns), energy flows in both 

columns can be coupled. The steam from 

the top of the first column is fed to a heat 

exchanger at the base of the second 

column. Steam usage is reduced by about 

50 % 

Generally applicable 

j. 
Distillation column with 

divided wall 

The separation of a three-component 

mixture into its pure fractions in 

conventional systems requires a 

sequential distillation system with at least 

two columns or main columns with side 

columns. With a dividing wall column 

this task can be solved in only one 

apparatus 

Generally applicable 

 

[This BAT conclusion is based on information given in Sections 2.4.7.1 2.4.7.2, 4.4.4.1 and 

8.4.4.1.5] 

 

17.3.7 BAT conclusions on water consumption 
 

BAT 26. In order to ensure the efficient use of water and so minimise the quantity of 

waste water requiring treatment and disposal, BAT is to apply one or a combination of the 

techniques given below. 
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 Technique Description Applicability 

a. 
Multiple use and 

recirculation operations 

Reuse of water from washing, rinsing and 

equipment cleaning has, in addition to the 

reduction of waste water load, the 

advantage of product recovery and 

increase of product yield, provided the 

water is recirculated into the production 

process itself 

Applicability might be 

limited by the 

availability of facilities 

for collection, buffering 

and/or the storage of 

waste water 

b. 
Reuse of water as boiler 

feed 

With further treatment of some waste 

water streams, they can be used as boiler 

feed water, displacing other sources of 

water, thereby reducing consumption 

Generally applicable 

c. 
Water-free vacuum 

generation 

Uses mechanical pumping systems in a 

closed circuit procedure, discharging only 

a small amount of water as blowdown, or 

by means of dry-running pumps. This 

discharge amounts to less than 5 % of 

that of once-through systems. In some 

cases, waste water-free vacuum 

generation can be achieved by use of the 

product as a barrier liquid in a 

mechanical vacuum pump, or by use of a 

gas stream out of the production process 

Generally applicable 

 

[This BAT conclusion is based on the information given in Section 2.4.8] 

 

17.3.8 BAT conclusion on residues and waste 
 

BAT 27. In order to prevent, or where this is not practicable, to reduce the quantity of 

waste being sent for disposal (e.g. landfill or incineration), BAT is to set up and implement 

a waste management plan as part of the environmental management system that, in order 

of priority, ensures that waste is avoided, prepared for reuse, recovered or recycled by 

using an appropriate combination of the techniques given below. 

 
 Technique Description Applicability 

Avoidance or reduction at source 

a. 
Addition of inhibitors to 

distillation systems 

Selection (and optimisation of dosage) of 

a polymerisation inhibitor or retarder  

reduces the losses of product to gums or 

tars 

Only applicable to 

distillation systems that 

generate heavy residues, 

oligomers, tars or gums 

Recovery for reuse or recycling 

b. 
Feedstock recovery by 

distillation or cracking 

Many LVOC processes generate residues 

that either contain feedstock or are easily 

converted into feedstock. These residues 

can often be isolated and/or purified by 

means of a distillation column.  Larger 

molecules can be broken down into 

reusable feedstock by thermal or catalytic 

cracking 

Only applicable to 

distillation systems that 

generate residues, 

oligomers, tars or gums 

c. 
Catalyst regeneration on 

site (
1
) 

Recovery of catalyst for reuse by 

applying a thermal or chemical treatment 

process. Note: emissions from catalyst 

regeneration should be treated in 

accordance with BAT 9, BAT 10 and 

BAT 22 

Only applicable to 

processes that use 

catalysts 

d. 
Catalyst regeneration off 

site  

Catalyst regeneration processes can 

generate emissions to air or water. 

Performing these operations in the 

appropriate units of specialist 

subcontractors can result in a lower 

environmental impact 

Only applicable to 

processes that use 

catalysts 
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e. 
Recover metals from spent 

catalyst 

A technique that will be normally carried 

out by a specialist contractor 

Energy recovery 

f 
Recover liquid 

hydrocarbons as fuel 

Liquid residues can be used as substitute 

fuel in combustion plants 

Applicability may be 

limited by presence of 

hazardous substances, 

which require 

incineration 
(1) These types of technique may also be applicable to adsorption media. 

 

[This BAT conclusion is based on information given in Sections 2.4.6.2.1 (27a), 2.4.9.1.3 (27b), 

2.4.9.1.4 (27c, 27d & 27e)  and 2.4.9 (27f)] 

 

17.3.9 BAT conclusions on odour 
 

There are no BAT conclusions on odour emissions specific to LVOC in addition to those in the 

BAT conclusions of other relevant BREFs. 

 

17.3.10 BAT conclusions on noise emissions 
 

There are no BAT conclusions on noise emissions specific to LVOC in addition to those in the 

BAT conclusions of other relevant BREFs. 

 

17.3.11 BAT conclusions on other than normal operating conditions 
 

BAT 28. In order to prevent or reduce the likelihood/frequency of unplanned events 

(e.g. equipment failure) giving rise to emissions to the environment, BAT is to ensure the 

highest possible availability of equipment that is critical to the protection of the 

environment by applying an appropriate combination of the techniques given below. 

 
 Technique Description Applicability 

a. Carry out risk assessments 

A group of structured managerial 

techniques (such as the Failure Mode 

Analysis) to identify those systems and 

equipment whose operation is critical to 

protect the environment 

Generally applicable 

b. 

Implement a reliability 

programme on equipment 

critical to the protection of 

the environment 

Implement an asset reliability programme 

that delivers increased availability of key 

equipment and systems. These 

managerial measures may include 

continuous improvement, prioritisation 

tools, and statistical tools. Reliability 

requirements should drive a system (or 

part) design to incorporate features that 

prevent failures from occurring or limit 

the consequences of failure 

Applicability will be 

based on the outcome of 

the risk assessment – 

see BAT 28a 

c. 
Corrosion avoidance best 

practices 

A group of managerial and maintenance 

measures (preventive and corrective) that 

reduce material wear. Less corrosion will 

lead to fewer equipment leaks of 

chemicals to the environment (air or 

water) 

Applicability will be 

based on the outcome of 

the risk assessment – 

see BAT 28a 

d. 
Back-up or standby vent 

treatment system. 

Build and maintain back-up or standby 

systems, e.g. vent systems, abatement 

plant, to increase the availability of this 

critical service 

Applicability will be 

based on the outcome of 

the risk assessment – 

see BAT 28a 

 

[This BAT conclusion is based on information given in Section 2.4.12.3.1-4] 
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17.4 BAT conclusions for lower olefin production 
 

These BAT conclusions are additional to those in Section 17.3. 

 

17.4.1 BAT conclusions on emissions to air 
  

BAT 29. In order to prevent or reduce emissions to air (i.e. NOX, COX, VOCs, dust) 

from the combustion of fuels in cracker furnaces, BAT is to optimise the operating 

conditions of the cracker furnace by applying both of the process-integrated techniques 

given below. 

 
 Technique Description Applicability 

a. Process optimisation 

Determine the optimum operating 

conditions (e.g. temperature, residence 

time, steam addition) to produce the 

desired product mix from the raw 

material feed 

Generally applicable 

b. Process control  

Use of advanced process control systems 

with continuous monitoring of key 

process parameters to control the process 

at the optimum operating conditions 

Generally applicable 

 

[This BAT conclusion is based on information given in Section 4.4.1.1] 

 

BAT 30. In order to prevent or reduce NOX emissions to air from the combustion of 

fuels in the cracking furnace, BAT is to use an appropriate combination of the techniques 

given below. 

 
 Technique Description Applicability 

a. Primary measures for NOX  See BAT 12a-12e See BAT 12a-12e 

b. 
Secondary measures for 

NOX  
See BAT 12f-12h  See BAT 12f-12h 

c. 

Process-integrated 

measures on the energy 

demand side  

See BAT 29  See BAT 29 

 

BAT-associated emission levels (BAT-AELs): see Table 17.4. 

 

[This BAT conclusion is based on information given in Sections 4.3.1.1 & 4.4.1.2] 

 

BAT 31. In order to prevent or reduce dust emissions to air from the combustion of 

fuels in the cracker furnace, BAT is to use an appropriate combination of the techniques 

given below. 

 
 Technique Description Applicability 

a. Primary measures for dust  See BAT 12a-12c See BAT 12a-12c 

b. 
Secondary measures for 

dust 
See BAT 12d-12g See BAT 12d-12g 

c. 

Process-integrated 

measures on the energy 

demand side  

 See BAT 29 See BAT 29 

 

BAT-associated emission levels (BAT-AELs): see Table 17.4. 

 

[This BAT conclusion is based on information given in Sections 4.3.1.1 and 4.4.1.5] 
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BAT 32. In order to prevent or reduce SOX emissions to air from the combustion of 

fuels in the cracker furnace, BAT is to use one or a combination of the techniques given 

below. 

 
 Technique Description Applicability 

a. Primary measures for SOX  See BAT 15a-15b See BAT 15a-15b 

b. 
Secondary measures for 

SOX  
See BAT 15c-15d See BAT 15c-15d 

c. 

Process-integrated 

measures on the energy 

demand side  

See BAT 29 See BAT 29 

 

BAT-associated emission levels (BAT-AELs): see Table 17.4. 

 

[This BAT conclusion is based on information given in Sections 4.3.1.1 and 4.4.1.3] 

 

BAT 33. In order to prevent or reduce carbon monoxide (CO) emissions to air from the 

combustion of fuels in the cracker furnace, BAT is to use both of the techniques given 

below.  

 
 Technique Description Applicability 

a. Measures to control CO  See BAT 12c See BAT 12c 

b. 

Process-integrated 

measures on the energy 

demand side  

See BAT 29 See BAT 29 

 

BAT-associated emission levels (BAT-AELs): see Table 17.4. 
 

[This BAT conclusion is based on information given in Section 4.3.1.1 and 4.4.1.4] 

 
Table 17.4: BAT-AELs for emissions to air from a cracker furnace 

Parameter 

BAT-AEL (
1
)(

2
) 

(monthly average) (
6
) 

mg/Nm
3
  at 3 % O2 

Applicability 

Oxides of nitrogen (NO & NO2) 

expressed as NO2 

60–100 New units 

70–180 (
3
) Existing units 

Dust (
4
) 

2-5 New units 

2–10 (
5
) Existing units 

Sulphur dioxide (SO2) 5–40 
Gaseous fuels or mixtures of 

liquid and gaseous fuels (
7
) 

Carbon monoxide (CO) ≤ 10 Generally applicable 
(1) Where the waste gases of two or more cracker furnaces are discharged through a common stack, the BAT-AEL 

applies to the combined discharge from the stack. 

(2) In the circumstances where the waste gas from a cracker furnace is discharged through a common stack shared 

with another process, the BAT-AEL applies where the emission enters the common stack.  However, because this is 

not the point where the emission leaves the installation, this is not a BAT-AEL in the sense of Article 3(13) of the 

IED, but should be regarded as a BAT-AEPL. 

(3) The lower end of the range can be achieved by using SCR. 

(4) The BAT-AEL applies when either liquid fuel is used or when coke from one or more of the other furnace 

fireboxes is burnt. 

(5) The lower end of the range is achievable for units using dust abatement techniques. 

(6) For SO2 emissions, where the sulphur content of the fuel is reasonably stable, the monthly average may be based 

on the measured sulphur content of the fuel, see BAT 2.  

(7) Mixed fuels containing up to a maximum of 17% of liquid fuels. 

The associated monitoring is in BAT 1. 

 
[Request to TWG: The TWG is asked to provide emissions data to support the proposed BAT-

AELs shown above, which are based on limited data - BDQ agreement was to set a limit on fuel 

composition. The issue (high sulphur content of heavy naphtha and low sulphur content of gas 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 17 

684 April 2014 SH/TS/EIPPCB/LVOC Draft 1 

fuels) was also faced by the REF BREF. Consistency between the LVOC and REF BREFs is 

needed as many of these furnaces operate under a Refinery installations' permit]. 

 

BAT 34. In order to prevent or reduce emissions to air of sulphidic species (H2S, SO2) 

and VOCs from the stripping of spent scrubbing liquors, BAT is to apply a combination of 

the techniques given below. 

 
 Technique Description Applicability 

a. 

Maximise the use of amine 

scrubbing for the removal 

of acid gases 

The scrubbing of the cracked gases with a 

regenerative (amine) solvent to remove 

acid gases, mainly H2S, to reduce the 

load on the downstream caustic scrubber  

Applicability to existing 

units may be limited by 

capacity of the amine 

scrubbing unit 

b. Condensation Recover VOCs from stripping units 

When stripping is 

applied to spent caustic 

scrubber liquor 

c. Thermal oxidation 

Oxidise any hydrogen sulphide desorbed 

from a regenerative amine or other 

scrubbing medium. See BAT 11c 

Only where a sulphur 

recovery unit (SRU) is 

not available  

 

BAT-associated emission levels (BAT-AELs): see Table 17.5. 

 
Table 17.5: BAT-AELs for emissions to air from stripping of spent caustic scrubber liquor 

Parameter BAT-AEL (mg/Nm
3
) 

SO2  

H2S  

VOCs  

The associated monitoring is in BAT 1. 

 

[Request to TWG: EIPPCB needs feedback from the TWG, by providing data to develop a 

BAT-AEL]. 

 

[This BAT conclusion is based on information given in Section 4.4.1.7] 

 

BAT 35. In order to prevent or reduce emissions of dust and CO to air from decoking 

operations, BAT is to apply an appropriate combination of the techniques given below. 

 
 Technique Description Applicability 

Reduce the rate of coke formation in order to reduce the frequency of decoking operations 

a. 
Tube materials that retard 

coke formation 

Nickel present at the surface of the tubes 

catalyses coke formation. Employing 

materials that have low nickel levels, or 

coating the interior tube surface with an 

inert material, can therefore retard the 

rate of coke build-up 

New units or major 

retrofits 

b. 
Doping feedstock with 

sulphur compounds 

As nickel sulphides do not catalyse coke 

formation, doping the feedstock with 

sulphur compounds when they are not 

already present at the desired level can 

also help retard the build-up of coke, as 

this would promote the passivation of the 

tube surface 

Applicability may be 

restricted by limitations 

on sulphur recovery 

processes 

c. 

Process-integrated 

measures on the energy 

demand side 

See BAT 29  See BAT 29 

d. 
Primary measures for dust 

on the energy supply side 
See BAT 14a – 14c See BAT 14a – 14c 

Abatement techniques 

e. 
Secondary measures for 

dust 
See BAT 14d-14g See BAT 14d-14g 
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f. 
Re-route to furnace 

firebox 

The decoking effluent stream may be 

routed to the furnace firebox of another 

furnace where sufficient residence time 

permits total combustion of any coke 

particles 

Applicability may be 

limited by the design of 

the pipework systems or 

fire-duty restrictions 

g. Maximise burnout of coke 

Maximising the extent to which the coke 

is burnt out (rather than displaced) 

reduces the dust load in the exit gases 

Generally applicable 

h. 

Use of alternative 

mechanical decoking: sand 

jetting or pigging  

Method of decoking furnace tubes using 

a turbulent stream of impact-resistant, 

particle-enriched gas, or a tight fitting 

object pushed through the pipework 

Applicability may be 

limited by the design of 

the pipework system 

 

BAT-associated environmental performance levels (BAT-AEPLs): see Table 17.6 

 
Table 17.6: BAT-AEPLs for decoking operations 

Parameter 

BAT-AEPL (
1
)(

2
) 

mg/Nm
3
 

(hourly average) (
3
) 

CO 10 - 50 

Dust 10 - 50 

(1) The BAT-AEPL applies to the emission from stand-alone abatement, i.e. where the decoking emissions are not 

routed to the firebox of another cracker furnace. 

(2) Because this is not part of normal operation, this is not a BAT-AEL in the sense of Article 3(13) of the IED. 

(3) The shorter averaging period reflects the intermittent nature of this operation. 

The associated monitoring is in BAT 1. 

 

[Request to TWG: The EIPPCB needs TWG members to provide more data to support this 

BAT-AEPL, which is based on limited data.] 

 

[This BAT conclusion is based on information given in Sections 4.3.1.2 and 4.4.1.6] 

 

17.4.2 BAT conclusions on emissions to water 
 

BAT 36. In order to prevent or reduce the amount of organic compounds and waste 

water discharged to further waste water treatment, BAT is to maximise the recovery and 

reuse of hydrocarbons and condensate from the dilution steam generation system. 

 

[This BAT conclusion is based on information given in Section 4.4.2.1.1] 

 

BAT 37. In order to prevent, or reduce the amount of, suspended solids and organic 

compounds discharged to further waste water treatment from the purge stream of the 

dilution steam circuit, BAT is to pretreat the waste water using one or a combination of 

the techniques given below. 

 
 Technique Description Applicability 

Waste water pretreatment 

a. Steam stripping 

The waste water is heated in a column by 

the injection of steam at the base.  

Organics in the waste water are 

volatilised and collected from the column 

overhead by condensation 
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b. Phase separation 

A group of techniques that utilise density 

difference to separate two immiscible 

liquid phases, or separate solids from 

liquids or both. Designs may incorporate 

underflow and overflow systems, 

interface detection systems, sludge 

removal and/or skimmers. Some designs 

may also use physical internals such as 

angled plate interceptors (API) or 

corrugated plate interceptors (CPI) to 

enhance the separation rate and/or 

emulsion management techniques 

 

c. Hydrocyclone 

A technique that utilises density 

difference to separate two immiscible 

liquid phases, or separate solids from 

liquids or both by applying a centrifugal 

force 

 

 

[This BAT conclusion is based on information given in Section 4.4.2.1.2] 

 

BAT 38. In order to prevent or reduce sulphides and other inorganic salts discharged 

to further waste water treatment from the spent caustic scrubber liquor used to remove 

acid gases from the process gas stream, BAT is to use one or a combination of the 

techniques given below. 

 
 Technique Description Applicability 

Process-integrated techniques 

a. 
Use of low sulphur  

feedstocks 

Feedstocks that have lower sulphur 

content or have been de-sulphurised 

Applicability may be 

restricted by need for 

sulphur doping to 

reduce coke build-up 

b. 

Maximise the use of 

amine scrubbing for the 

removal of acid gases 

The scrubbing of the cracked gases 

with a regenerative (amine) solvent to 

remove acid gases, mainly H2S, to 

reduce the load on the downstream 

caustic scrubber 

Applicability to 

existing units may be 

limited by capacity of 

the amine scrubbing 

unit 

Recovery of pollutants at source 

c. 
Multiple use and 

recirculation operations  

Collect the spent caustic scrubber 

liquor for reuse or recovery 

Application may be 

restricted by a lack of 

availability for these 

uses 

d. 
Isolate by-products for 

sale 

Spent caustic can be useful for its 

sodium sulphide content or the 

recovery of cresols. Sulphur can also 

be recovered by treating it with a 

strong acid to liberate H2S, which can 

then be recovered in a Claus unit 

(found in refineries) 

Application may be 

restricted by a lack of 

availability for these 

uses 

Waste water pretreatment 

e. 

Chemical oxidation of 

the spent caustic 

scrubbing liquor 

Oxidation of the various sulphidic 

species present in the spent scrubbing 

liquor to sulphate using an oxidising 

agent such as hydrogen peroxide 

New units or major 

retrofits.  Applicability 

to existing units may be 

limited by the 

availability of space 

f. 

Wet air oxidation of the 

spent caustic scrubbing 

liquor  

Oxidation of the various sulphidic 

species present in the spent scrubbing 

liquor to sulphate using air at high 

pressure and temperature 

New units or major 

retrofits.  Applicability 

to existing units may be 

limited by the 

availability of space 

 

BAT-associated environmental performance levels: see Table 17.7 
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[This BAT conclusion is based on information given in Section 4.4.2.3] 

 

BAT 39. In order to reduce organic compounds discharged to further waste water 

treatment from the spent caustic scrubber liquor used to remove acid gases from the 

process gas stream, BAT is to pretreat the waste water using one or a combination of the 

techniques given below.  

 
 Technique Description Applicability 

Waste water pretreatment 

a. 

Steam stripping of the 

spent caustic scrubbing 

liquor 

Waste water is heated in a column by the 

injection of steam at the base.  Organics 

in the caustic scrubbing liquor are 

volatilised and collected from the column 

overhead by condensation 

New units or major 

retrofits.  Applicability 

to existing units may be 

limited by the 

availability of space  

b. 

Chemical oxidation of the 

spent caustic scrubbing 

liquor 

Partial oxidation of the various organic 

species present in the spent scrubbing 

liquor using an oxidising agent such as 

hydrogen peroxide 

New units or major 

retrofits.  Applicability 

to existing units may be 

limited by the 

availability of space 

c. 

Wet air oxidation of the 

spent caustic scrubbing 

liquor 

Partial oxidation of the various organic 

species present in the spent scrubbing 

liquor using air at high pressure and 

temperature 

New units or major 

retrofits.  Applicability 

to existing units may be 

limited by the 

availability of space 

 

BAT-associated environmental performance levels (BAT-AEPLs): see Table 17.7 

 
Table 17.7: BAT-AEPLs for discharge to further waste water treatment from the spent 

scrubber liquor  

Parameter 
BAT-AEPL (

1
) 

(g / t product) (monthly average) 

Sulphides (S
2-

)  

VOCs  

(
1
) Because this does not apply to the point where the emission leaves the installation, this is not a BAT-AEL in the 

sense of Article 3(13) of the IED. 

The associated monitoring is in BAT 5. 

 

[Request to TWG: The EIPPCB would like to consider setting a BAT-AEPL but currently has 

insufficient data. TWG members are therefore requested to provide any relevant information on 

the composition of the waste water stream after pretreatment]. 

 

[This BAT conclusion is based on information given in Section 4.4.2.3] 

 

BAT 40. In order to prevent or reduce suspended solids discharged to further waste 

water treatment from the decoking operations, BAT is to apply one or both of the 

techniques given below. 

 

 Technique Description Applicability 
Waste water pretreatment 

a. Filtration 
Separates solids from waste water by 

passing it through a porous medium 

New units or major 

retrofits.  Applicability 

to existing units may be 

limited by the 

availability of space 
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b. Phase separation 

A group of techniques that utilise density 

difference to separate two immiscible 

liquid phases, or separate solids from 

liquids or both. Designs may incorporate 

underflow and overflow systems, 

interface detection systems, sludge 

removal and/or skimmers. Some designs 

may also use physical internals such as 

angled plate interceptors (API) or 

corrugated plate interceptors (CPI) to 

enhance the separation rate 

Generally applicable 

 

[This BAT conclusion is based on information given in Section 4.4.2.2] 

 

BAT 41. In order to prevent or reduce mercury emissions to water arising from the 

spent acid gas scrubbing liquor, BAT is to use one of the techniques given below. 

 

 Technique Description Applicability 
Process-integrated techniques 

a. Use mercury-free caustic  
Caustic soda that originates from a source 

other than a mercury cell  
Generally applicable 

b. 

Maximise the use of amine 

scrubbing for the removal 

of acid gases 

See BAT 38b  See BAT 38b 

 

[Request to TWG: The EIPPCB would like to consider making this BAT conclusion generic 

and not specific to LO, please provide comments.] 

 

[This BAT conclusion is based on information given in Section 4.4.2.4] 

 

17.4.3 BAT conclusion on waste generation and product recovery 
 

BAT 42. In order prevent or minimise the amount of waste requiring disposal, BAT is 

to recover feedstock and/or by-products by applying an appropriate combination of the 

following techniques. 

 
 Technique Description Applicability 

Recovery for reuse or recycling 

a. 

Maximise sulphur 

recovery by the use of 

amine scrubbing for the 

removal of acid gases 

See BAT 38b See BAT38b 

b. 
Recovery of sulphur from 

amine scrubbing liquor 

Sulphur can be recovered from the amine 

scrubber liquor in a sulphur recovery unit 

(SRU), which are generally located at 

refineries. The amine scrubbing liquid is 

regenerated for reuse 

Applicability may be 

restricted if the cracker 

is located remotely from 

a refinery 

c. 

Collection of the spent 

caustic scrubber liquor for 

reuse or recovery 

See BAT 38c See BAT 38c 

d. 
Feedstock recovery by 

distillation or cracking. 

Further processing of residues to either 

isolate and/or purify, e.g. by distillation; 

or conversion, e.g. by further thermal or 

catalytic cracking reactions to break 

larger molecules into reusable feedstocks 

Applicability may be 

restricted by a lack of 

available uses for these 

recovered feedstocks or 

by-products 

 

[This BAT conclusion is based on information given in Section 4.4.6] 
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17.5 BAT conclusions for ethanolamine production 
 

These BAT conclusions are additional to those in Section 17.3. 

 

17.5.1 BAT conclusions on emissions to air 
 

BAT 43. In order to prevent or reduce ammonia emissions to air from the aqueous 

ethanolamine production process, BAT is to recover excess ammonia using a wet gas 

scrubber and recycle this to the reactor. 

 

Description 

The production process is carried out using excess levels of ammonia; therefore, unreacted 

ammonia is recovered by the scrubber system and fed back into the process. The scrubbing 

process involves the use of two-stage counter-current wet gas scrubbing.  

 

BAT-associated emission level (BAT-AEL): see Table 17.8 

 
Table 17.8: BAT-AEL for ammonia emissions from aqueous ethanolamine process 

Parameter 
BAT-AEL (

1
) 

monthly average 

Ammonia 0.01–0.03 kg/t EA 

(
1
) In the circumstances where this emission is routed to a further abatement device, this is not a BAT-AEL in the 

sense of Article 3(13) of the IED because this does not apply to the point where the emission leaves the installation 

The associated monitoring is in BAT 1. 

 

[This BAT conclusion is based on information given in Sections 5.3.1.2.1 and 5.4.1.2.1] 

 

[Request to TWG: The EIPPCB is considering the above BAT-AE(P)L for emissions from the 

wet gas scrubber prior to oxidation. Views are requested.] 

 

BAT 44. In order to prevent or reduce ammonia emissions to air from the anhydrous 

ethanolamine production process, BAT is to apply both of the techniques given below. 

 
 Technique Description Applicability 

a. 

Manage and maintain raw 

material quality (to reduce 

the build-up of impurities) 

Control raw material quality either by 

setting specifications or by pre-treatment 

such that the inerts component is as low 

as possible 

Applicability may be 

restricted by the 

availability of raw 

materials 

b. Optimise purge rate 

A pressure control set-up that keeps the 

pressure in the ammonia recovery system 

at a predefined level. Two control valves, 

one to purge out, and the other to add 

nitrogen independent of the pressure in 

the system. During normal operating 

conditions, there is a very small net purge 

Generally applicable 

 

[This BAT conclusion is based on information given in Sections 5.3.1.4 and 5.4.1.2.2] 

 

BAT 45. In order to prevent or reduce direct VOC emissions to air from the 

fractionation of ethanolamines and the stripping of effluents, BAT is to recover organic 

compounds by condensation from the waste gas streams.  

 

Description 

Condensation is a technique that eliminates solvent vapours from the waste gas stream by 

reducing its temperature below its dew point. There are different methods of condensation 

depending on the operating temperature range. 

  

[This BAT conclusion is based on information given in Sections 5.3.1.3 and 5.4.1.3] 
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BAT 46. In order to prevent or reduce indirect (diffuse) VOC emissions to air from the 

fractionation of ethanolamines and the stripping of effluents, BAT is to apply one or both 

of the techniques given below.   

 
 Technique Description Applicability (

1
) 

a. 
Water-free vacuum 

generation 
See BAT 26c New units or major 

retrofits Applicability to 

existing units may be 

limited by design and 

operational constraints 

of existing plant 

b. Indirect cooling of water 

Use of heat exchangers or other indirect 

cooling methods to avoid normal (open) 

cooling towers where water is exposed to 

air with no containment of diffuse 

emissions 

 

[This BAT conclusion is based on information given in Sections 5.3.1.3.2 and 5.4.1.3.2] 

 

BAT 47. In order to prevent or reduce emissions to air of ammonia and VOCs, BAT is 

to combine all emissions (following the application of BAT 43 to BAT 45) and apply one or 

a combination of the techniques given below. 

 
 Technique Description Applicability  

a. Wet gas scrubber 

The mass transfer between a soluble gas 

and a solvent by being brought into 

contact with each other. The ammonia is 

contacted with dilute sulphuric acid 

Anhydrous process 

b. Thermal oxidation See BAT 11c 
Generally applicable 

c. Catalytic oxidation See BAT 11b 

 

[This BAT conclusion is based on information given in Sections 5.3.1.2, 5.3.1.4 and 5.4.1.2.1-2] 

 

17.5.2 BAT conclusions on emissions to water 
 

BAT 48. For the aqueous ethanolamine process, in order to prevent or reduce the 

amount of organic substances discharged to further waste water treatment, BAT is to 

optimise the purge from the water recycle loop.  

 

[This BAT conclusion is based on information given in Sections 5.3.2.1 and 5.4.2.1] 

 

BAT 49. In order to prevent or reduce emissions of organic substances to water from 

the vacuum purge system in the purification of ethanolamines, BAT is to apply one of the 

techniques given below. 

 

 Technique Description Applicability 
Process-integrated techniques 

a. 
Water-free vacuum 

generation 
See BAT 26c 

Only applicable to new 

plants and major refits  

b. Stripping  

Waste water is brought into contact with 

a high flow of gas (normally air or steam) 

in order to transfer volatile pollutants 

from the water phase to the gas phase. 

The pollutants can then be removed from 

the stripping gas so they can be recycled 

into the process and reused 

Vacuum system 

condensates when 

ejectors are used to 

generate vacuum)  

 

[This BAT conclusion is based on information given in Sections 5.3.2.2 and 5.4.2.2] 

 

17.5.3 BAT conclusions on raw material consumption 
 

BAT 50. In order to ensure the efficient use of ethylene oxide, BAT is to apply one or a 

combination of the techniques given below. 
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 Technique Description Applicability 

a. Use of excess ammonia 

Maintaining a high level of ammonia in 

the reaction mixture is an effective way 

of ensuring that all the ethylene oxide is 

converted into products. The level of 

excess ammonia also determines the 

product distribution 

Generally applicable 

b. 
Ensure there is enough 

water in the reaction 

Water is used as a homogeneous catalyst 

for the reaction between ammonia and 

ethylene oxide. The extremely low 

reactivity of the added water with 

ethylene oxide, compared to the 

reactivity of ammonia and its resulting 

ethanolamines, allows ethanolamines 

with very high purity to be produced 

without having to remove by-products 

Applicable in aqueous 

process 

c. Process optimisation 

Determine the optimum operating 

conditions (e.g. temperature, pressure 

residence time, ammonia addition rate) to 

produce the desired mix of mono-, di, tri, 

ethanolamines 

Generally applicable 

 

[This BAT conclusion is based on information given in Sections 5.3.3.1 and 5.4.3.1, 5.4.3.1.2 

and 5.4.3.2.2] 
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17.6 BAT conclusions for TDI and MDI production 
 

These BAT conclusions are additional to those in Section 17.3. 

 

17.6.1 BAT conclusions on emissions to air 
 

BAT 51. In order to prevent or reduce air emissions from TDI plant nitration and 

hydrogenation units, and to reduce the load to the final waste gas treatment system (see 

BAT 54), BAT is to pre-treat the waste gas by applying an appropriate combination of the 

techniques given below. 

 
 Technique Description Applicability 

a. 
Optimised regeneration 

and recovery of spent acid  

A technique to treat the spent acid from 

the nitration reaction, which concentrates 

the sulphuric acid by 

stripping/evaporation under vacuum, 

recovering organics and water, which are 

condensed and separated, with absorption 

of NOX to recover nitric acid 

New units or major 

retrofits Applicability to 

existing units may be 

limited by design and 

operational constraints 

of existing plant 

b. 
Condensation and 

cryogenic condensation 

Condensation eliminates solvent vapours 

from a waste gas stream by reducing its 

temperature below its dew point. 

Cryogenic condensation uses chilled 

water or refrigerant fluids such as 

propylene or ammonia in a second stage 

condenser will reduce emissions to 

downstream treatment 
Generally applicable 

 

c. Wet gas scrubber (caustic) 

Gaseous compounds are dissolved in a 

caustic solution. Scrubbing with a caustic 

solution reduces the acid gases content of 

the waste gas stream 

d. 
Selective catalytic 

reduction 

The reduction of NOX to nitrogen in a 

catalytic bed by reaction with ammonia 

(in general, aqueous solution) at an 

optimum operating temperature of around 

300–450 °C 

 

[This BAT conclusion is based on information given in Section 6.4.1.1] 

 

BAT 52. In order to prevent or reduce air emissions from MDI plant from MDA 

purification units, and to reduce the load to the final waste gas treatment system (see BAT 

54), BAT is to pre-treat the waste gas by applying an appropriate combination of the 

techniques given below. 

 
 Technique Description Applicability 

a. 
Condensation and 

cryogenic condensation 

Condensation is a technique that 

eliminates solvent vapours from a waste 

gas stream by reducing its temperature 

below its dew point. The use of chilled 

water or refrigerant fluids such as 

propylene or ammonia in a second stage 

condenser will reduce emissions to 

downstream treatment 
 

b. Wet gas scrubber (caustic) 

In the wet scrubbing process, gaseous 

compounds are dissolved in a caustic 

solution. Scrubbing with a caustic 

solution reduces the acid gases content of 

the waste gas stream 
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c. Amine scrubber 

Removal of aniline and other light 

compounds, for regeneration and 

recovery 

 

[This BAT conclusion is based on information given in Sections (2.4.4.1.3, 6.4.1.3.3, 6.4.1.4 and 

6.4.1.8] 

 

BAT 53. In order to prevent or reduce air emissions of HCl and phosgene, and to 

reduce the load to the final waste gas treatment system (see BAT 54), BAT is to recover 

HCl and phosgene from the TDI and / or MDI phosgenation process by applying both of 

the techniques given below. 

 
 Technique Description Applicability 

a. Wet gas scrubber  

Wet scrubbing is a mass transfer between 

a soluble gas and a solvent in contact 

with each other. Scrubbing with water 

will recover HCl, which can then be 

recovered and converted into chlorine, 

which is then used to produce phosgene  

Solvent recovery and  

Phosgenation units 

b. Phosgene absorption 

Absorption of residual phosgene using o-

DCB solvent. The phosgene is then 

recovered from the solvent by distillation 

and returned to the process 

Phosgene recovery 

phosgenation units 

 

[This BAT conclusion is based on information given in Section 6.4.1.3] 

 

BAT 54. In order to prevent or reduce air emissions of VOCs (including chlorinated 

hydrocarbons), BAT is to apply, to the combined waste gas stream, all the techniques 

given below in the order: 1) caustic scrubber, 2) catalytic or thermal oxidation, 3) caustic 

scrubber, 4) carbon adsorption. 

 
 Technique Description Applicability 

1. Wet gas (caustic) scrubber  

In the wet scrubbing process, gaseous 

compounds are dissolved in a caustic 

solution. Scrubbing with a caustic 

solution reduces the residual HCl content 

following pre-treatment 

Acid gas streams prior 

to thermal/catalytic 

oxidation 

2a. Catalytic oxidation  See BAT 11b See BAT 11b 

2b. Thermal oxidation (
1
) 

See BAT 11c.  Oxidation temperature 

should exceed 750 °C, with rapid cooling 

to avoid de novo PCDD/F formation 

See BAT 11c 

3. 
Wet gas (caustic) scrubber 

(
2
) 

In the wet scrubbing process, gaseous 

compounds are dissolved in a caustic 

solution. Scrubbing with a caustic 

solution reduces the HCl produced by the 

oxidation of chlorinated hydrocarbons 

After thermal or 

catalytic oxidation 

4. Adsorption (
2
) 

Adsorption is a heterogeneous reaction in 

which gas molecules are retained on a 

solid surface (in this case activated 

carbon) to remove dioxins and other 

residual chlorinated hydrocarbons 

After thermal or 

catalytic oxidation 

(1) Thermal oxidation can also be carried out in an incineration plant if one is used on site for the disposal of residues 

and waste from the TDI and/or MDI process. 

(2) These techniques should also be applied to the exhaust gas from the incineration plant, if one is used on site for 

the disposal of residues and waste from the TDI and/or MDI process.  

 

BAT-associated emission levels (BAT-AELs): see Table 17.9. 

 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 17 

694 April 2014 SH/TS/EIPPCB/LVOC Draft 1 

Table 17.9: BAT-AELs for air emissions from the TDI/MDI process 

Parameter 

BAT-AEL 

mg/Nm
3
 (11% O2) 

(monthly average) 

VOC 5–10 

Chlorinated hydrocarbons 0.5–1 

Cl2 1–5 

Phosgene < 0.5 

HCl 5–15 

PCBs No BAT-AEL (
1
) 

PCDD/F < 0.05 (
1
)(

2
) 

(1) Periodic monitoring with a minimum monitoring frequency of twice per year. 

(2) The BAT-AEL is in units of ng/Nm3 (TEQ). 

The associated monitoring is in BAT 1. 

 

[This BAT conclusion is based on information given in Sections 2.4.4.1.5, 6.4.1.4.2 and 6.4.3, 

TDI chapter and 16.4.1.7, EDC Chapter] 

 

17.6.2 BAT conclusions on emissions to water 
 

BAT 55. In order to prevent or reduce nitroaromatic hydrocarbon compounds 

discharged to further waste water treatment from the toluene nitration unit, BAT is to 

recover feedstock and to reuse water by applying an appropriate combination of the 

process-integrated techniques given below. 

 

 Technique Description Applicability 

a. 
Use of concentrated nitric 

acid 

Re-engineering the process to use highly 

concentrated HNO3 (i.e. 65% to 99%) to 

increase the process efficiency, reduce 

waste water volumes and reduce nitrite, 

sulphate and nitrate formation 

New units or major 

retrofits Applicability to 

existing units may be 

limited by design and 

operational constraints 

of existing plant.  

 

 

b. 
Optimised nitration reactor 

design 

After both nitration steps, the product is 

separated from the respective acid in 

dynamic separators and is then further 

processed. The raw dinitro toluene 

(DNT) is automatically conveyed to the 

washing unit, consisting of a compact 

washing apparatus, which performs the 

product washing as well as the separation 

of the product from the washing medium. 

These DNT units do not generate any 

acidic, nitrate-loaded waste water as the 

nitric acid contained in the raw DNT is 

regenerated and reused 

c. 
Optimised regeneration 

and recovery of spent acid  

A process to treat the spent acid from the 

nitration reaction, which concentrates the 

sulphuric acid by stripping/evaporation 

under vacuum, recovering organics and 

water, which are condensed and 

separated, with absorption of NOX to 

recover nitric acid 

d. 
Multiple use and recycle 

of wash water 
See BAT 26a See BAT 26a 

 

BAT-associated environmental performance levels (BAT-AEPLs): see Table 17.10 

 

This BAT conclusion is based on information given in Sections 6.3 and 6.4.2.1] 
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BAT 56. In order to prevent or reduce the pollutant load to further waste water 

treatment and improve the operation of the final waste water treatment plant through the 

removal of poorly biodegradable organic compounds, BAT is to pretreat the toluene 

nitration unit waste water by applying one or a combination of the techniques given below. 

 

 Technique Description Applicability 

a. Extraction  

Soluble contaminants from the waste 

water phase are transferred into a solvent 

(e.g. toluene). Extraction is operated in 

columns where the waste water is 

brought into contact with the solvent 
New units or major 

retrofits Applicability to 

existing units may be 

limited by design and 

operational constraints 

of existing plant.  

 

 

b. 
Chemical oxidation using 

ozonisation 

Converts pollutants, by using chemical 

oxidising agents, to less harmful or 

hazardous compounds which are more 

easily degradable or biodegradable 

c. Biological treatment 

The biological oxidation of dissolved 

organic substances with air or oxygen 

using the metabolism of microorganisms, 

followed by biological 

nitrification/denitrification. Adaptation of 

the plant biology to the nitroaromatic 

compounds is crucial to ensure 

biodegradation 

 

BAT-associated environmental performance levels (BAT-AEPLs): see Table 17.10 

 
Table 17.10: BAT-AEPLs for discharge to further waste water treatment from the nitration 

unit 

Parameter 
BAT-AEPL (

1
) 

Monthly average. 

TOC < 1 kg/t DNT 

Waste water flow < 1 m
3
/t DNT 

(1) Because this does not apply to the point where the emission leaves the installation, this is not a BAT-AEL in 

the sense of Article 3(13) of the IED. 

The associated monitoring is in BAT 5. 

 

[This BAT conclusion is based on information given in Sections 6.3.2.2 and 6.4.2] 

 

BAT 57. In order to prevent or reduce the amount of nitroaromatic hydrocarbon 

compounds discharged to further waste water treatment from the DNT hydrogenation 

unit, BAT is recover feedstock and reuse water by applying a combination of the 

techniques given below. 

 

 Technique Description Applicability 

a. Evaporation 

A technique to concentrate the pollutant 

in a single or multiple effect evaporator.  

The concentrated stream may then either 

be recovered or treated as a waste 

New units or major 

retrofits Applicability to 

existing units may be 

limited by design and 

operational constraints 

of existing plant.  

 

b. 
Steam stripping of waste 

water  

A technique where the waste water is 

heated in a column by the injection of 

steam at the base. Organics in the waste 

water are volatilised and collected from 

the column overhead by condensation 

c. Extraction 

A technique in which soluble 

contaminants from the waste water phase 

are transferred into a solvent. Extraction 

is carried out in columns where the waste 

water is brought into contact with the 

organic solvent. The extracted material 

can then be recovered 
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BAT-associated environmental performance level (BAT-AEPLs): see Table 17.11 

 
Table 17.11: BAT-AEPLs for discharge to further waste water treatment from the 

hydrogenation unit  

Parameter 
BAT-AEPL (

1
) 

Monthly avg. 

Waste water flow < 1 m
3
/t DNT 

(1) Because this does not apply to the point where the emission leaves the installation, this is not a BAT-AEL in the 

sense of Article 3(13) of the IED. 

The associated monitoring is in BAT 5. 

 

[This BAT conclusion is based on information given in Sections 6.3.2.3, 6.4.2.1 and 6.4.2.2] 

 

BAT 58. In order to prevent or reduce the amount of nitroaromatic hydrocarbon 

compounds discharged to further waste water treatment from the TDA phosgenation unit, 

BAT is to recover feedstock and reuse water by optimising the design and operation of the 

phosgenation unit.  

 

BAT-associated environmental performance level (BAT-AEPLs): see Table 17.12 

 
Table 17.12: BAT-AEPLs for discharge to further waste water treatment from the 

phosgenation unit  

Parameter 
BAT-AEPL (

1
) 

Monthly avg. 

TOC < 0.5 kg/t TDI 

(
1
) Because this does not apply to the point where the emission leaves the installation, this is not a BAT-AEL in 

the sense of Article 3(13) of the IED. 

The associated monitoring is in BAT 5. 

 

[This BAT conclusion is based on information given in Sections 6.3.2.3, 6.4, 6.4.1.3.1 and 6.4.2] 

 

BAT 59. In order to prevent or reduce the pollutant load to further waste water 

treatment and improve the operation of the final waste water treatment plant the removal 

of poorly biodegradable organic compounds, BAT is to pretreat the combined waste water 

by applying one or a combination of the techniques given below. 

 

 Technique Description Applicability 
Waste water pretreatment 

a. 
Steam stripping of waste 

water  

Waste water is heated in a column by the 

injection of steam at the base.  Organics 

in the waste water are volatilised and 

collected from the column overhead by 

condensation Generally applicable 

 

b. 
Adsorption (as granular 

activated carbon) 

Adsorption is a heterogeneous reaction in 

which molecules are retained on a solid 

surface that prefers specific compounds 

to others and thus removes them from 

effluent streams 

c. 
Advanced chemical 

oxidation (
1
) 

Treatment of waste water with low 

biodegradability at moderate 

temperatures and pressures with 

hydrogen peroxide catalysed with a metal 

salt 

New units or major 

retrofits Applicability to 

existing units may be 

limited by design and 

operational constraints 

of existing plant.  

 

 
d. Biological treatment (

1
)(

2
) 

The biological oxidation of dissolved 

organic substances with air or oxygen 

using the metabolism of microorganisms, 

followed by biological 

nitrification/denitrification 
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(1) May not be applicable where technique has been applied to waste water from nitration unit. 

(2) Adaptation of the plant biology to the nitroaromatic compounds is crucial to ensure biodegradation. 

 

[This BAT conclusion is based on information given in Sections 6.3.2 and 6.4.2.2] 

 

BAT 60. BAT is to monitor the dioxin and chlorinated hydrocarbon content in the 

direct emissions to water. 

 

The associated monitoring is in BAT 5. 

 

[This BAT conclusion is based on information given in Sections 6.3 and 6.4.2.2.6] 

 

BAT 61. In order to prevent or reduce the amount of hydrocarbons discharged to 

further waste water treatment from the MDI condensation unit, BAT is to recover 

feedstock and reuse water by applying a combination of the techniques given below. 

 

 Technique Description Applicability 
Process-integrated techniques 

a. 
Use a low brine generation 

MDA process 

Sequential design of the condensation 

reaction unit, including premixing of 

feedstock and use of hydrophobic 

solvents, to minimise the brine generated 

in this unit 

Only new units or major 

retrofits 

Waste water pretreatment 

b. 
Removal of aniline by 

pertraction 

A technique used to remove organic 

substances such as aromatics or 

chlorinated hydrocarbons from process or 

waste water flows by absorption into an 

organic extraction agent or extractant. 

Membranes form the interface between 

the waste water and the extractant. Unlike 

conventional extraction techniques, the 

extractant is not added directly to the 

waste water, which offers important 

advantages 

Units using the low 

brine process 

c. 

Removal of aniline by 

evaporation followed by 

extraction and steam 

stripping 

Waste water stripping is an operation in 

which waste water is brought into contact 

with a high flow of a gas current in order 

to transfer volatile pollutants (e.g. 

ammonia, methanol) from the water 

phase to the gas phase. The pollutants are 

removed from the stripping gas so it can 

be recycled into the process and reused. 

Volatile organic and inorganic 

compounds are transferred from waste 

water to waste gas, greatly increasing the 

surface area of the contaminated water 

exposed. Water evaporation, however, 

decreases the temperature of the waste 

water, thus decreasing the volatility of 

the contaminants 

Not applicable to low 

brine process 

d. 
Methanol removal by 

steam stripping 

A technique where the waste water is 

heated in a column by the injection of 

steam at the base.  Methanol in the waste 

water is volatilised and collected from the 

column overhead by condensation 

Generally applicable 

 

BAT-associated environmental performance level (BAT-AEPLs): see Table 17.13 
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Table 17.13: BAT-AEPLs for discharge to further waste water treatment unit from the MDI 

process  

Parameter 
BAT-AEPL (

1
) 

g VOC/ t MDI (monthly average) 

Methanol  

Chlorinated hydrocarbons  

(
1
) Because this does not apply to the point where the emission leaves the installation, this is not a BAT-AEL in the 

sense of Article 3(13) of the IED. 

The associated monitoring is in BAT 5. 

 

[This BAT conclusion is based on information given in Sections 6.3.2.4 and 6.4.2.3] 

 

[Request to TWG: The EIPPCB would like to consider setting a BAT-AEPL but currently has 

insufficient data. TWG members are therefore requested to provide any relevant information]. 

 

17.6.3 BAT conclusions on energy efficiency 
 

BAT 62. In order to use energy efficiently, BAT is to use an appropriate combination of 

the techniques that reduce the specific energy demand given below. 

 Technique Description Applicability 

a. Gas phase phosgenation 

Gas phase phosgenation saves 40-60% 

energy in comparison with liquid phase 

phosgenation, also reduces solvent use by 

80%. 

New units 

b. 
Energy recovery from 

thermal oxidation (
1
) 

See BAT 25f 

Generally applicable 

c. 
Energy recovery from 

exothermic reactions 
See BAT 25f 

(1) Also applicable where an incineration plant is used on site for the disposal of residues and waste from the TDI 

and/or MDI process. 

 

[This BAT conclusion is based on information given in Section 6.4.4] 

 

17.6.4 BAT conclusions on waste generation and product recovery 
 

BAT 63. In order to recover feedstock and to reduce the generation of hazardous waste 

from TDI and MDI phosgenation units, BAT is to apply one or both of the techniques 

given below. 
 Technique Description Applicability 

Recovery for reuse or recycling 

a. Recover a solution of HCl See BAT 55a See BAT 55a 

b. Recover and purify HCl 

Distillation (in order to isolate and purify 

the recovered HCl, so that it can be used 

to generate Cl2) 

After wet gas scrubbers 

 

[This BAT conclusion is based on information given in Sections 6.3.1.1 and 6.4.5.1.1-2] 

 

BAT 64. In order to recover feedstock and to reduce the generation of hazardous waste 

from TDI and MDI units, BAT is to recover and purify the solvent via absorption (wet gas 

scrubber).  
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[This BAT conclusion is based on information given in Sections 6.3.1.1 and 6.4.5.4.2] 

 

BAT 65. In order to prevent or reduce the amount of chlorinated by-product residues 

that arise in the purification steps of TDI/MDI production, which require disposal (e.g. 

incineration), BAT is to apply a combination of the techniques given below. 

 
 Technique Description Applicability 

Avoidance or reduction at source 

a. Gas phase phosgenation See BAT 64a New units 

b. 

Minimisation of residue / 

oligomer formation in 

distillation systems 

A group of distillation (design and 

operational) strategies that avoid high 

temperature and high hold-up: packing vs 

trays to reduce delta pressure and thus 

temperature; vacuum vs atmospheric to 

reduce operating temperature 

Generally applicable 

Recovery for reuse or recycling 

c. 

Feedstock recovery by 

distillation or cracking 

 

Tars from distillation are additionally 

processed to recover the maximum 

amount of TDI (or MDI) contained in 

tars, e.g. using thin film evaporator or 

other short path distillation units 

New units 

d. 

Tars are processed to recover feedstock 

(MDA or TDA) by chemical reaction, 

e.g. by reaction with aniline and an acid 

catalyst (Patent US4089901) 

New units 

 

[This BAT conclusion is based on information given in Sections 2.4.9.1.1 (65b), 6.4.3.2 (65a), 

6.4.3.3 and 6.4.5.4 (65c,d)] 

 

BAT 66. In order to prevent or reduce hazardous waste from TDI hydrogenation spent 

catalyst that requires disposal, BAT is to apply both of the techniques given below. 

 
 Technique Description Applicability 

Recovery for reuse or recycling 

a. 
Hydrocyclone or 

centrifugation 

To separate spent hydrogenation catalyst 

for recycling with a fraction purged from 

the process Generally applicable. 

b. 
Catalyst regeneration 

offsite 
See BAT 27d 

 

[This BAT conclusion is based on information given in Sections 6.3, 6.4.3.1 and 6.4.5.2.1] 
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17.7 BAT conclusions for ethylene oxide and ethylene glycol 
production 

 

These BAT conclusions are additional to those in Section 17.3. 

 

17.7.1 BAT conclusions on emissions to air 
 

BAT 67. In order to prevent or reduce VOC emissions to air from the ʻinert purgeʼ of 

the reaction section, (as part of an integrated waste gas management and treatment 

strategy, see BAT 9), BAT is to apply a combination of the techniques given below. 

 
 Technique Description Applicability 

Process-integrated measures 

a. 
Select pure oxygen 

process route 

Ethylene oxide production process based 

on oxygen feed instead of air 

New units or major 

retrofits 

b. 
Optimised oxidation 

recovery design 

Second oxidation reactor (to convert 

most of the residual ethylene into EO) 

followed by a second absorber (collecting 

EO as an aqueous solution) 

New units or major 

retrofits 

Recovery for reuse or recycling 

c. 
Recover ethylene by 

adsorption (PSA) 

A technique where gas molecules are 

adsorbed on a solid (e.g. molecular sieve) 

at high pressure, and subsequently 

desorbed in more concentrated form at 

lower pressure for reuse 

Generally applicable 

Energy recovery 

d.. 
Recover energy from vent 

stream 
See BAT 11a See BAT 11a  

 

BAT-associated emissions levels (BAT-AELs): see Table 17.15. 

 

[This BAT conclusion is based on information given in Sections 7.3.1.1, 7.4.1.1 and 7.4.1.2] 

 

BAT 68. In order to prevent or reduce CO2 emissions to air from the stripping of the 

scrubbing medium used in the reaction section for CO2 removal, BAT is to apply one or a 

combination of the techniques given below. 

 
 Technique Description Applicability 

Process-integrated measures 

a. 
Select pure oxygen 

process route 
See BAT 67a 

New units or major 

retrofits 

b. 
Catalyst selection and 

optimisation 
See BAT 23 See BAT 23 

c. 
Use of inhibitors in the 

recycle gas 

The addition of an organochlorine 

inhibitor (such as ethylchloride or 

dichloroethane) in order to help minimise 

the proportion of ethylene that is fully 

oxidised to carbon dioxide will mean that 

this too will be present in the 

recirculating gases 

Generally applicable 

Recovery for reuse or recycling 

d. 
Recover CO2 as a by-

product 

CO2 is scrubbed from the recycle stream 

by scrubbing (normally with KOH) from 

which the CO2 can be subsequently 

desorbed and recovered. This will reduce 

CO2 emissions to air and facilitate the 

separation and potential recycling of 

other VOCs 

New units or major 

retrofits 

 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 17 

SH/TS/EIPPCB/LVOC Draft 1 April 2014 701 

[This BAT conclusion is based on information given in Sections 7.3.1.2 and 7.4.1.2, 7.4.3.1 and 

7.4.5.1] 

 

BAT 69. In order to prevent or reduce VOC emissions to air from the stripping of the 

scrubbing medium used in the reaction section for CO2 removal, BAT is to apply a 

combination of the techniques given below. 

 
 Technique Description Applicability 

Process integrated measures 

a. 
Select pure oxygen 

process (route) 
See BAT 67a See BAT 67a 

b. 
Staged CO2 desorption to 

separate streams 

Conducting the depressurisation 

necessary to liberate the carbon dioxide 

from the absorption medium in two steps 

rather than one would allow an initial 

hydrocarbon-rich stream to be isolated 

for potential recycling, leaving a 

relatively clean carbon dioxide stream for 

recycling or emission to air 

New units or major 

retrofits 

c. 
Catalyst development and 

optimisation 
See BAT 23 See BAT 23 

Recovery for reuse or recycling 

e. Adsorption 

Adsorption onto activated carbon prior to 

CO2 recovery, particularly in 

combination with staged desorption 

Generally applicable 

f. Distillation 

Recovery of ethylene and methane by 

flashing from the carbonate solution prior 

to CO2 recovery 

Generally applicable 

g. 
Recover energy from vent 

stream 
See BAT 11a 

Applicability may be 

limited by high 

concentration of CO2 

present 

 

BAT-associated environmental performance levels (BAT-AEPLs): see Table 17.14 
 

Table 17.14: BAT-AEPLs for VOC emissions from CO2 purge 

Parameter 
BAT-AEPL (kg/t EO) (

1
) 

Annual average 

Methane 0.2 – 1 

NMVOCs 0.1 – 2 

(
1
) In the circumstances where this emission is routed to a further abatement device, this is not a BAT-AEL in the 

sense of Article 3(13) of the IED because this does not apply to the point where the emission leaves the installation 

 The associated monitoring is in BAT 1. 
 

[This BAT conclusion is based on information given in Sections 7.3.1.2, 7.4.1.1 and 7.4.1.2] 

 

BAT 70. In order to prevent or reduce VOC emissions to air from vent streams 

containing EO, BAT is to apply a combination of the techniques given below (as part of an 

integrated waste gas management and treatment strategy, see BAT 9) to the combined 

waste gas stream. 

 
 Technique Description Applicability 

Recovery for reuse or recycling  

a. 
Wet gas scrubber 

 

Water scrubbing to remove EO followed 

by recompression of the overheads to 

enable the recycling of ethylene and 

methane to the process 

Generally applicable 

Abatement 

b. Catalytic oxidation See BAT 11b See BAT 11b 

c. Thermal oxidation See BAT 11c See BAT 11c 
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BAT-associated emission levels (BAT-AELs): see Table 17.15 

 
Table 17.15: BAT-AELS for VOC emissions to air from final abatement in EO/EG plants 

Parameter 
BAT-AEL (kg/t EO) 

Annual average 

Methane 0.002-0.1 

NMVOCs 0.005-0.1 

 The associated monitoring is in BAT 1. 

 

[This BAT conclusion is based on information given in Sections 7.4.1.2-5] 

 

[Request to TWG: Please provide additional data, the data provided via the questionnaires were 

relatively poor and we had to rely on information contained in the previous BREF.] 

 

[Note to TWG: The chemical properties of EO mean that there are various techniques 

recommended in the industry to prevent the loss of containment and hence occupational 

exposure to EO. Implementation of these techniques at the same time results in a minimal 

release of EO to the environment. However, because their purpose is primarily related to health 

and safety, they have not been included in these BAT conclusions.] 

  

BAT 71. In order to prevent or reduce VOC emissions to air from diffuse emissions, 

BAT is to apply one or both of the techniques given below. 

 
 Technique Description Applicability 

Process integrated measures 

a. Indirect cooling 

Use heat exchangers and other indirect 

cooling methods in order to avoid normal 

(open) cooling towers where water is 

exposed to air with no containment of 

diffuse emissions 

Generally applicable to 

new units 

Recovery for reuse or recycling 

b. Optimise stripping process 

Improve the operating conditions and 

monitoring of the EO stripper operation 

to: ensure that all EO is stripped out; 

allow online process analysers to check 

that all EO has been stripped out; and 

provide adequate protection systems to 

avoid accidental EO emissions 

In cases where cooling 

is carried out in open 

cooling towers 

 

c. 
EO fractionation 

optimisation 

Minimise the organics content in cycle 

water by upstream avoidance measures 

and by optimising quenching systems 

 

 [Note to TWG: the above BAT conclusion improves on the environmental protection given by 

the CWW BREF by selecting specific measures that apply to this process.] 

 

[This BAT conclusion is based on information given in Sections 7.3.1 and 7.4.1.7] 
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17.7.2 BAT conclusions on emissions to water 
 

BAT 72. In order to prevent or reduce waste water from the water bleeds (EO and EG) 

and/or to reduce the organic content of the water bleeds, BAT is to apply a combination of 

the techniques given below. 

 

 Technique Description Applicability 
Process-integrated techniques 

a. 
Feed forward to the 

ethylene glycols unit 

The purge stream could possibly be fed 

forward to the ethylene glycols process 

depending on quality considerations, as 

this would have an ongoing net water 

demand 

Generally applicable 

b. 
Process optimisation; 

EO 

The glycol formation in the EO recovery 

section can be reduced, to a certain 

extent, by modifying the temperature 

and/or residence time of the EO-

containing absorbent 

Generally applicable 

Recovery of pollutants at source 

c. 
Distillation (to enable 

recycling) 

Distillation is a technique to facilitate the 

recovery of feedstock or products. The 

normal process layout would include a 

product purification or fractionation unit 

where these streams are isolated and/or 

purified by means of a distillation column 

Generally applicable 

Waste water pretreatment 

d. 
Collective effluent 

stripping to remove EO 

Steam stripping is a technique where the 

waste water is heated in a column by the 

injection of steam at the base. Organics in 

the waste water are volatilised and 

collected from the column overhead by 

condensation 

Generally applicable 

 

BAT-associated environmental performance levels (BAT-AEPLs): see Table 17.16 

 

[This BAT conclusion is based on information given in Sections 7.3.2 and 7.4.2] 

 

17.7.3 BAT conclusion on raw material consumption 
 

BAT 73. In order to reduce feedstock usage, BAT is to apply one or a combination of 

the techniques given below. 

 
 Technique Description Applicability 

a. 
Select oxygen process 

(route) 

Ethylene oxide production process based 

on oxygen feed instead of air 

Production of EO: new 

units  

b. 

Process optimisation: 

hydrolysis reaction  

 

Using a significant water excess favours 

the formation of monoethylene glycol 

rather than the heavier glycols 

Production of glycols 

 

 [This BAT conclusion is based on information given in Sections 7.4.1.2 and 7.4.3] 
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17.7.4 BAT conclusions on waste generation and product recovery 
 

BAT 74. In order to prevent or reduce the amount of waste, including heavy glycol by-

products from EG units, BAT is to apply both of the techniques given below.  

 
 Technique Description Applicability 

a. 
Hydrolysis reaction 

optimisation  

EO ratios result in lower co-production of 

heavier glycols but on the other hand 

require more energy for the glycol 

dewatering 

Generally applicable 

b. 
Isolate by-products for 

sale 

The stream can either be sold as such or 

fractionated to yield pure marketable 

glycols 

Generally applicable to 

new units 

 

BAT-associated environmental performance levels (BAT-AEPLs): see Table 17.16 

 

[This BAT conclusion is based on information given in Sections 7.3.6.4 and 7.4.5.2] 

 

BAT 75. In order to prevent or reduce the generation of waste in EO units, BAT is to 

apply one of the techniques given below. 

 
 Technique Description Applicability 

a. (EO) process optimisation  

This is a group of process-related 

decisions (design and operational) that 

will lead to reduced  emissions to air 

being generated from the reaction, and 

thus less load to be addressed by the 

recovery systems downstream of the 

reaction section 

Generally applicable 

b. 
Isolate by-products for 

sale 

The concentrated organic fraction 

obtained after the dewatering of the 

liquid effluent from EO recovery can be 

distilled to give valuable glycols and a 

heavy residue containing salts 

Generally applicable to 

new units 

 

BAT-associated environmental performance levels (BAT-AEPLs): see Table 17.16 

 
Table 17.16 BAT-AEPL for waste requiring disposal 

Parameter 
BAT-AEPL 

Annual average 

Heavy glycol by-products 1 – 15 kg/t EO 

Total waste 2 – 30 kg/t EO 
(1) Because this does not apply to the point where the emission leaves the installation, this is not a BAT-AEL in 

the sense of Article 3(13) of the IED. 

The associated monitoring is in BAT 6. 

 

[This BAT conclusion is based on information given in Sections 7.3.6.4, 7.4.5.2 and 7.4.5.3] 
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17.8 BAT conclusions for aromatics production 
 

These BAT conclusions are additional to those in Section 17.3. 

 

17.8.1 BAT conclusions on emissions to air 
 

BAT 76. In order to prevent or reduce VOC emissions to air, to enable feedstock or 

energy recovery and to minimise flaring, BAT is to recover energy or feedstock from 

process vents (see BAT 10b and BAT 11a), and apply gas recompression to lower pressure 

vent streams. 

 

Description 

When valuable vent streams have lower pressure than the fuel gas or recovery collection system 

header a piping solution is not sufficient. 

 

Applicability 

New units or major retrofits. 

 

[This BAT conclusion is based on information given in Section 8.4.1.1] 

 

BAT 77. In order to prevent or reduce NOX emissions to air from combustion processes 

that reuse hydrogen-rich streams as fuel (such as dealkylation vents), BAT is to recover or 

reuse H2, rather than burn it, by applying one or both of the techniques given below. 

 
 Technique Description Applicability 

a. 
Recovery and reuse of 

hydrogen  
See BAT 10a See BAT 10a 

b. 
Cryogenic condensation 

(cold box) 

Cryogenic condensation is operated using 

the vaporisation of liquid nitrogen as a 

coolant medium. The evaporated nitrogen 

can be used to provide inert blanketing 

Applicability may be 

limited by high cost of 

investment 

 

[This BAT conclusion is based on information given in Section 8.4.1.1] 

 

17.8.2 BAT conclusions on emissions to water 
 

BAT 78. In order to prevent or reduce the amount of organic compounds and waste 

water discharged to further waste water treatment from aromatic extraction units, BAT is 

to facilitate the recovery of raw materials by applying both of the techniques given below. 

 

 Technique Description Applicability 
Process-integrated techniques 

a. 

Dedicated and closed 

system for collection of 

waste water 

Waste water from aromatics plants is 

segregated from other sources of waste 

water in order to facilitate the recovery of 

feedstocks or products 

Applicability may be 

limited by site-specific 

drainage systems 

b. 
Extractive process design 

based on dry solvents 

Dry solvents: such as NMP or DMF used 

mainly in extractive distillation 

processes.  When dry solvents are used, 

both the aromatic product stream and the 

non-aromatics stream are obtained 

practically dry, so there are usually no 

process drains being produced 

New units 

 

[This BAT conclusion is based on information given in Sections 8.3.2.2 and 8.4.2.2.2] 

 

BAT 79. BAT is to monitor the solvent content in the waste water before it is combined 

with waste water from other process operations. 
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 [This BAT conclusion is based on information given in Section 8.4.2.2.1] 

 

BAT 80. In order to prevent or reduce the amount of hydrocarbons, NH3 and H2S 

discharged to further waste water treatment, BAT is to apply one or a combination of the 

techniques given below. 

 

 Technique Description Applicability 
Process-integrated techniques 

a. 
Water-free vacuum 

generation 
See BAT 26c See BAT 26c 

b. 

Dedicated and closed 

system for collection of 

emissions 

see BAT 79a See BAT 79a 

Waste water pretreatment 

c. 
Stripping to recover 

hydrocarbons 

A technique where the waste water is 

heated in a column by the injection of 

steam at the base. Organics in the waste 

water are volatilised and collected from 

the column overhead by condensation 

Generally applicable 

 

d. Liquid phase separation 

A group of techniques that utilise density 

difference to separate two immiscible 

liquid phases, or separate solids from 

liquids or both. Designs may incorporate 

underflow and overflow systems, 

interface detection systems, and/or 

emulsion management techniques 

 

[This BAT conclusion is based on information given in Section 8.4.2] 

 

BAT 81. In order to prevent or reduce the amount of sour waters, sulphides and other 

inorganic salts discharged to further waste water treatment, BAT is to use an appropriate 

combination of the techniques given below. 

 
 Technique Description Applicability 

Process-integrated techniques 

a. 

Maximise the use of 

amine scrubbing for the 

removal of acid gases 

The scrubbing of the cracked gases 

with a regenerative (amine) solvent to 

remove acid gases, mainly H2S, to 

reduce the load on the downstream 

caustic scrubber 

Applicability to 

existing units may be 

limited by capacity of 

the amine scrubbing 

unit 

Recovery of pollutants at source 

b. 

Collect spent caustic 

scrubber liquors for 

reuse or recovery 

Spent caustic can be useful for its 

sodium sulphide content or the 

recovery of cresols. Sulphur can also 

be recovered by treating it with a 

strong acid to liberate H2S, which can 

then be recovered in a Claus unit 

(found in refineries) 

Application may be 

restricted by a lack of 

availability for these 

uses. 

c. 

Multiple use and 

recirculation operations 

(to reuse sour water for 

the process) 

Reuse of water from sour water 

stripping has, in addition to the 

reduction of waste water load, the 

advantage of product recovery and 

increase of product yield, provided the 

water is recirculated into the 

production process itself 

Generally applicable 

Waste water pretreatment 

d. Stripping of sour waters 

Acidification of the sour water stream 

followed by stripping in order to 

remove NH3 and H2S. (See BAT 16) 

Generally applicable 

  

[This BAT conclusion is based on information given in Sections 4.4.6.4.3 and 8.4.2] 
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17.8.3 BAT conclusion on energy efficiency 
 

BAT 82. In order to use energy efficiently and reduce emissions to air from combustion 

operations, BAT is to use an appropriate combination of the process integrated-techniques 

that reduce the specific energy demand given below. 

 
 Technique Description Applicability 

a. 
Upstream purification of 

feed 

To operate a distillation column upstream 

of the aromatic extraction unit. The 

aromatic extraction processes consume 

large amounts of energy per feed. In 

order to save energy on the operation, it 

is important to remove any other non-

valuable compound (lighter or heavier) 

before energy-intensive operations are 

applied 

New units or major 

retrofits Applicability to 

existing units may be 

limited by design and 

operational constraints 

of existing plant. 

 

 

 

 

b. Selective hydrogenation 

This technique is applied to pygas 

treatment and is based on using more 

active catalyst in milder conditions. The 

reaction of hydrogen with pygas at lower 

temperatures and pressures in a fixed bed 

of highly active catalyst 

c. 
Low temperature liquid-

liquid extraction 

Liquid-liquid aromatic extraction at 

lower operating temperatures 

d. 
Single extractive 

distillation column 

Extractive distillation process with a 

single column configuration. This design 

integrates the extractive distillation with 

the stripper (of the conventional design). 

The aromatics are removed on the 

vaporised feed by the solvent. Residual 

non-aromatics are stripped off by the 

aromatics 

e. 
Distillation column with 

divided wall 

The separation of a three-component 

mixture into its pure fractions in 

conventional systems requires a 

sequential system with at least two 

columns or main columns with side 

columns. With a dividing wall column 

this task can be solved in only one 

apparatus. While results, of course, vary, 

a DWC can typically cut capital and 

energy costs by approximately 30 % 

compared to a traditional two-column 

system 

f. 

Process optimisation: 

extractor feed point 

optimisation 

For each distillation configuration, the 

number of trays, feed location, solvent 

feed location, solvent–feed ratio and 

solvent temperature are considered 

optimisation variables 

Generally applicable 

g. 
Recover heat from toluene 

column top cut 

To use the heat from the toluene 

distillation column to supply as benzene 

reboiler heat 

New units or major 

retrofits Applicability to 

existing units may be 

limited by design and 

operational constraints 

of existing plant. 
h. 

Recover heat from xylene 

column top cut 

To use the heat of the o-xylene 

distillation column (overhead stream) to 

operate a turbine 

 

[This BAT conclusion is based on information given in Section 8.3.4, 8.4.3 and 8.4.4] 
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17.8.4 BAT conclusions on waste generation and product recovery 
 

BAT 83. In order to prevent or reduce the amount of spent clay requiring disposal, 

BAT is to apply both techniques given below. 

 
 Technique Description Applicability 

a. 
Hydrogenation of feed 

(Feed treatment) 

The main factor impacting the generation 

of spent clay is the amount of olefins that 

remain in the extracted aromatic product. 

When non-hydrotreated feeds are used, 

there are some traces of olefins that 

remain in the extracted aromatics. Some 

of the heavy boilers formed inside the 

clay by the reaction of olefins with 

aromatics foul its structure, which after a 

certain time loses its efficiency. When 

fully hydrotreated aromatics cuts are used 

as feedstock to the extraction section, 

clay treaters are not typically used but 

when they are available they show very 

long operating cycles 

Not applicable to feeds 

with reduced amounts 

of olefins, such as those 

coming from reformers 

b. Clay material selection 

Materials with different surface and/or 

structural properties that would impact 

the on cycle length. To use a clay that 

lasts as long as possible for its given 

conditions (use of a synthetic solid, that 

has the same function as the clay but that 

can be regenerated: Olgone process) 

Generally applicable 

 

[This BAT conclusion is based on information given in Sections 8.3.6.2 and 8.4.5.2] 

 

BAT 84. In order to reduce sludge formation in solvent regeneration systems, BAT is to 

apply a combination of the techniques given below. 

 
 Technique Description Applicability 

a. 
Extractive process design 

based on dry solvents 
See BAT 79b See BAT 79b 

b. Feed selection  

The consumption of clay depends largely 

on the bromine index of the feed. A 

typical reformate has a bromine index of 

100, leading to a clay consumption of 1 t/ 

10 000 t feedstock 

Applicable if flexible 

feed and aromatic 

complex configuration 

c. 
Selection of solvent 

regeneration systems 

Solvent regeneration is typically used in 

many aromatics complexes to remove a 

more concentrated stream of sludge from 

the process. This reduces solvent losses 

to the environment. There are various 

approaches to remove degraded products:  

filtration, e.g. ion exchange, vacuum 

distillation, or stripping.  A regenerator is 

typically a vaporiser heat exchanger 

where a slipstream of the solvent 

circulation loop is usually vaporised 

under vacuum conditions at temperatures 

below 200 °C, recondensed and returned 

to the solvent loop 

Generally applicable 

 

[This BAT conclusion is based on information given in Sections 8.3.6.3, 8.4.2.2.2 and 8.4.5.3] 

 



W
ORKIN

G D
RAFT S

TILL
 IN

 P
ROGRESS

Chapter 17 

SH/TS/EIPPCB/LVOC Draft 1 April 2014 709 

BAT 85. In order prevent or minimise the amount of sulphur-containing waste 

requiring disposal, BAT is to recover feedstock and/or by-products by applying an 

appropriate combination of the following techniques. 

 
 Technique Description Applicability 

Recovery for reuse or recycling 

a. 

Maximise the use of amine 

scrubbing for the removal 

of acid gases 

See BAT 82b See BAT 82b 

b. 
Recovery of sulphur from 

amine scrubbing liquor 

Sulphur can be recovered from the amine 

scrubber liquor in a sulphur recovery unit 

(SRU), which are generally located at 

refineries. The amine scrubbing liquid is 

regenerated for reuse 

Applicability may be 

restricted if the cracker 

is located remotely from 

a refinery 

c. 

Collect the spent caustic 

scrubber liquor for reuse 

or recovery 

See BAT 82c See BAT 82c 

 

[This BAT conclusion is based on information given in Sections 8.4.1.1 and 8.4.5.4] 

 

17.8.5 BAT conclusions on other than normal operating conditions 
 

BAT 86. In order to reduce emissions to air from catalyst regeneration operations, 

BAT is to apply both of the techniques given below. 

 
 Technique Description Applicability 

a. 
Reaction process 

optimisation 

Group of measures to avoid coke 

formation in the process: feed treatment, 

feed selection and process optimisation. 

Coke formation should be minimised and 

the presence of poison or impurities also 

minimised by control of operating 

conditions 

Generally applicable 

b. 
Channel of vent gases to  

treatment system  

Send vents to the appropriate abatement 

unit, avoiding direct air emissions and the 

use of decoking drums 

 

[This BAT conclusion is based on information given in Section 8.4.6.2] 
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17.9 BAT conclusions for formaldehyde production 
 

These BAT conclusions are additional to those in Section 17.3. 

 

17.9.1 BAT conclusions on emissions to air 
 

BAT 87. In order to prevent or reduce emissions to air, BAT is to apply an appropriate 

combination of the techniques given below (as part of an integrated waste gas 

management and treatment strategy, see BAT 9) to individual emission sources prior to 

combining them for further treatment or abatement. 

 
 Technique Description Applicability 

Process-integrated measures 

a. 
Selection of  MO (metal 

oxide) process route 

In the oxide (‘Formox’) process, the 

formation of formaldehyde is 

accomplished by the direct oxidation of 

methanol with excess air over a metal 

oxide catalyst 

Generally applicable to 

new units 

Recovery for reuse or recycling 

b. 
Adsorption (only for 

methanol) 

Adsorption is a heterogeneous reaction in 

which gas molecules are retained on a 

solid or liquid surface (adsorbent also 

referred to as a molecular sieve) that 

prefers specific compounds to others and 

thus removes them from effluent streams 

Generally applicable 

c. 

Wet gas scrubber (in 

water, further recycled to 

the process) 

Wet scrubbing is a mass transfer between 

a soluble gas and in this case water. 

Formaldehyde and methanol are 

dissolved in the water and it may be 

possible to recover or recycle it to the 

process 

Generally applicable  

d. Condensation  

Condensation is a technique that 

eliminates solvent vapours, e.g. 

methanol, from waste gas streams by 

reducing its temperature below its dew 

point. There are different methods of 

condensation depending on the operating 

temperature range 

Generally applicable  

Energy recovery 

e. 
Recover energy from 

waste gas streams 
See BAT 11a See BAT 11a 

 

 [This BAT conclusion is based on information given in Sections 10.3.1.1-2 and 10.4.1.1-5] 

 

BAT 88. In order to prevent or reduce emissions to air, BAT is to apply one of the 

techniques given below (as part of an integrated waste gas management and treatment 

strategy, see BAT 9) to the combined waste gas stream. 

 
 Technique Description Applicability 

Recovery for reuse or recycling 

a. 

Wet gas scrubber (in 

water, further recycled to 

the process) 

Wet scrubbing is a mass transfer between 

a soluble gas and in this case water. 

Formaldehyde and methanol are 

dissolved in the water and it may be 

possible to recover or recycle it to the 

process 

Generally applicable 

Energy recovery 

b. 
Recover energy from 

waste gas streams 
See BAT 11a See BAT 11a 

Abatement 
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c. Catalytic oxidation See BAT 11b 

New units or major 

retrofits in MO-based 

processes 

d. Thermal oxidation See BAT 11c 

New units or major 

retrofits in silver-based 

processes 

 

BAT-associated emission levels (BAT-AELs): see Table 17.17. 

 
Table 17.17: BAT-AELs for air emissions from formaldehyde production 

Parameter 
BAT-AEL (mg/Nm

3
)(

1
) 

monthly average 

BAT-AEL (kg/t FA 100 %) 

monthly average 

Carbon monoxide 5–20 0.05–1 

NOX 10–50 0.1–1 

NMVOC 5–20 0.05–1 

Formaldehyde (FA) 1–5 0.01–0.1 

(1) The BAT-AEL is based on an oxygen content of 3 vol. %.   

The associated monitoring is in BAT 1. 

 

 [This BAT conclusion is based on information given in Sections 10.3.1.1-3 and 10.4.1.1-7] 

 

17.9.2 BAT conclusion on emissions to water 
 

BAT 89. In order to prevent or reduce the amount of waste water and formaldehyde 

discharged to further waste water treatment, BAT is to apply an appropriate combination 

of the techniques given below. 

 

 Technique Description Applicability 
Recovery of pollutants at source 

a. 
Rework FA effluents to 

the process 

Most of the effluent arising can be 

reworked into the process to dilute the 

formaldehyde product 

 

Waste water pretreatment 

b. Chemical pretreatment 

Conversion of formaldehyde, which is 

toxic, to sodium formaldehyde sulphate 

which is non-toxic and biodegradable 

 

c. 
Stripping to remove 

hydrocarbons 

A technique where the waste water is 

heated in a column by the injection of 

steam at the base. Organics in the waste 

water are volatilised and collected from 

the column overhead by condensation 

 

 

[This BAT conclusion is based on information given in Section 10.4.2] 

 

17.9.3 BAT conclusions on waste generation 
 

BAT 90. In order to prevent or reduce the amount of waste from spent catalyst for 

disposal, BAT is to apply one of the techniques given below. 

 
 Technique Description Applicability 

a. 
Process optimisation: 

FA reaction conditions 

To carefully control the reaction 

conditions, and primarily the 

temperature. This can be assisted by 

careful control of the air (oxygen) levels, 

and the addition of water can also help 

Generally applicable 
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b. 
Temperature regulation by 

water injection 

Water is injected to regulate the reaction 

temperature and extend catalyst life. The 

yield of formaldehyde is within the range 

87–90 mol % and is highly temperature-

dependent. Methanol conversion and 

formaldehyde selectivity are optimised 

by the careful selection and control of 

temperature, catalyst, methanol–oxygen 

ratio, water addition and reaction gas 

quenching 

Plants producing higher 

concentrations of 

formaldehyde cannot 

inject water to regulate 

temperature 

 

BAT-associated environmental performance levels (BAT-AEPLs): see Table 17.18 

 

[This BAT conclusion is based on information given in Sections 10.3.5 and 10.4.5.2] 

 

BAT 91. In order to prevent or reduce the amount of waste for disposal (e.g. 

incineration) from the build-up of solid para-formaldehyde, BAT is to apply best practices 

in solid para-formaldeyhyde prevention and removal.  

 

Description 
Internal deposits of solids can be prevented by improved heating, insulation and flow circulation. 

Recovery of para-formaldehyde recovered during maintenance operations, for example from filters 

installed upstream of the pumps. External solid deposits can be swept up. The solid can also be 

redissolved in hot water (for recycling into the process). 
 

BAT-associated environmental performance levels (BAT-AEPLs): see Table 17.18 

 

[This BAT conclusion is based on information given in Section 10.3.5 and 10.4.5.3] 

 
Table 17.18 BAT-AEPL for waste for disposal 

Parameter 
BAT-AEPL (

1
) 

Annual avg. 

Spent catalyst waste 0.02 – 0.1 kg/t FA 

Solid para-formaldehyde waste 0.01 – 0.1 kg/t FA 
(1) Because this does not apply to the point where the emission leaves the installation, this is not a BAT-AEL in 

the sense of Article 3(13) of the IED. 

The associated monitoring is in BAT 6. 
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17.10 BAT conclusions for phenol production 
 

These BAT conclusions are additional to those in Section 17.3. 

 

17.10.1 BAT conclusions on emissions to air 
 

BAT 92. In order to prevent or reduce VOC emissions to air from the oxidation unit, 

BAT is to use a combination of the techniques given below (as part of an integrated waste 

gas management and treatment strategy, see BAT 9) prior to combining them for further 

treatment or abatement. 

 
 Technique Description Applicability 

Process integrated measures 

a. 
Mist filters 

 

Collection of unit design techniques that 

minimises the inadequate carry-over of 

solid or liquid particles in a gas stream: 

settling chamber, mist filter, cyclones, 

knock-out drums, etc. The most common 

mist filters (mist eliminators, demisters) 

are mesh pad filters 

Generally applicable 

b. Condensation  

Condensation is a technique that 

eliminates solvent vapours from a waste 

gas stream by reducing its temperature 

below its dew point. There are different 

methods of condensation depending on 

the operating temperature range 

Generally applicable 

Abatement 

c. Adsorption 

Adsorption is a heterogeneous reaction in 

which gas molecules are retained on a 

solid or liquid surface (adsorbent also 

referred to as a molecular sieve) that 

prefers specific compounds to others and 

thus removes them from effluent streams 

Generally applicable to 

new units or major 

retrofits 

d. 
Extractive removal of 

methanol 

Methanol in spent air represents a large 

amount of total organic compounds and 

neither condensers nor adsorbers are 

sufficiently effective to decrease this 

value. Adding water upstream of 

condensers facilitates its condensation 

(patent US 6.372.021B) 

Generally applicable 

 

BAT-associated emission levels: see Table 17.19 

 
Table 17.19: BAT-AELs for VOC emissions  

Parameter 

BAT-AEL (
1
)(

2
) 

(monthly average) 

 mgC/Nm
3
  

VOC, expressed as C 10–30 

Benzene 1–5 
(1) Oxidation units that operate with pure oxygen may achieve the BAT-AEL without adsorption. 

(2) In the circumstances where this emission is routed to a further abatement device, this is not a BAT-AEL in the 

sense of Article 3(13) of the IED because this does not apply to the point where the emission leaves the installation 

The associated monitoring is in BAT 1. 

 

[This BAT conclusion is based on information given in Sections 11.3.1.1, 11.4.1.1 and 15.4.1] 

 

BAT 93. In order to prevent or reduce ammonia (NH3) emissions to air, it is not BAT to 

operate with a high selectivity of cumene to phenol by adding nitrogen-based compounds 

in the oxidation section. 
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[This BAT conclusion is based on information given in Section 11.3.1.1] 

 

BAT 94. In order to prevent or reduce VOC emissions to air from the hydrogenation 

section, BAT is to recycle the excess hydrogen to the hydrogenation section or recover it 

for reuse (as part of an integrated waste gas management and treatment strategy, see BAT 

9) by applying one of the techniques given below, prior to combining it with the residual 

emission for further treatment or abatement. 

 
 Technique Description Applicability 

Process-integrated techniques 

a. 
Recovery and reuse of 

hydrogen 
See BAT 10a  See BAT 10a 

b. 
Recovery and purification 

of hydrogen by PSA 
See BAT 10c See BAT 10c 

 

[This BAT conclusion is based on information given in Section 11.4.1.3] 

 

BAT 95. In order to prevent or reduce emissions to air, BAT is to apply one of the 

techniques given below (as part of an integrated waste gas management and treatment 

strategy, see BAT 9) to the combined waste gas stream. 

 
 Technique Description Applicability 

Energy recovery 

a. 

Recovery of energy from 

vent stream (calorific 

values) 

See BAT 11a See BAT 11a 

Abatement 

b. Adsorption 

Adsorption is a heterogeneous reaction in 

which gas molecules are retained on a 

solid or liquid surface (adsorbent also 

referred to as a molecular sieve) that 

prefers specific compounds to others and 

thus removes them from effluent streams 

New units or major 

retrofits 

c. Catalytic oxidation See BAT 11b See BAT 11b 

d. Thermal oxidation See BAT 11c See BAT 11c 
(1) Includes emissions to concentration and fraction vents. 

 

BAT-associated emission levels: see Table 17.19 

 

[This BAT conclusion is based on information given in Sections 11.3.1 and 11.4.1.1.-4] 

 

17.10.2 BAT conclusions on emissions to water 
 

BAT 96. In order to prevent or reduce emissions to water of methyl hydroperoxide 

from oxidation, BAT is to apply the thermal treatment technique described below to the 

aqueous stream that arises in the decanter of the charcoal recovery system. 

 

Description 

The spent air from oxidation flows through adsorption chambers that are later regenerated with 

steam. The condensate from steam regeneration goes to a decanter. The water phase is treated at 

temperatures above 100 ºC and a high pH to decompose the MHP to methanol. 

 

Applicability 

This is applicable to all phenol units that treat the spent air from oxidisers.  

 

BAT-associated environmental performance levels (BAT-AEPL): see Table 17.20 
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Table 17.20: BAT-AEPLs for MHP internal values upstream of WWTP  

Parameter BAT-AEPL (mg/l)(
1
) 

Methyl hydroperoxide 10–15 
(1) Because this does not apply to the point where the emission leaves the installation, this is not a BAT-AEL in 

the sense of Article 3(13) of the IED. 

The associated monitoring is in BAT 5. 

 

Request to TWG:  The EIPPCB requests additional data in order to refine the above BAT-

AEPL. 

 

 [This BAT conclusion is based on information given in Section 11.3.2 and 11.4.2] 

 

BAT 97. In order to prevent or reduce the amount of phenol discharged to further 

waste water treatment, BAT is to recover phenol by applying the phenol spring chemical 

precipitation technique described below.  

 

Description 

Recovery of phenol from the phenolic waste water. Recovery of phenol from sodium phenate by 

‘springing’ with sulphuric acid. This requires a small process set up with decanters, counter-

current or extraction columns and other basic unit operations. 

 

[This BAT conclusion is based on information given in Section 11.3.2 and 11.4.2.2.2] 

 

17.10.3 BAT conclusion on waste generation and product recovery 
 

BAT 98. In order to prevent or reduce the amount of waste tar requiring disposal (e.g. 

incineration), BAT is to reuse tar streams generated in the phenol purification sections by 

applying one or both of the techniques given below.  

 
 Technique Description Applicability 

a. 
Feedstock recovery by 

distillation or cracking  

See BAT 27b – feedstock recovery by 

cracking 

New units or major 

retrofits 

b. 
Recovery of energy from 

the process stream (tar) 
See BAT 27f – energy recovery from tar 

Generally applicable 

(with adequate 

measurement of SOX in 

furnace air emissions or 

of tar fuel composition) 

 

[This BAT conclusion is based on information given in Section 11.4.5.1-2] 

 

17.10.4 BAT conclusion on other than normal operating conditions 
 

BAT 99. In order to prevent or reduce VOC emissions from the hydrogenation section 

in other than normal operating conditions (such as start-up events), BAT is to channel the 

waste gas from the reaction vent during these events to a shared vent system capable of 

treating the emission. 

 

[This BAT conclusion is based on information given in Sections 2.4.12 and 11.4.6.1] 
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17.11 BAT conclusions for ethylbenzene production 
 

These BAT conclusions are additional to those in Section 17.3. 

 

17.11.1 BAT conclusions on emissions to air 
 

BAT 100. In order to prevent or reduce emissions to air of VOCs and acid gases from 

the alkylation of benzene with ethylene, BAT is to select the zeolite-based process.   

 

Applicability 

New units and major refits of AlCl3-catalysed units. 

 

[This BAT conclusion is based on information given in Sections 12.3.1, 12.4.1.1, 12.4.1.4.1 and 

12.4.6.3.1] 

 

BAT 101. In order to prevent or reduce emissions to air of VOCs and acid gases from 

the alkylation of benzene with ethylene using the AlCl3-catalysed process, BAT is to treat 

the waste gas using an alkaline wet gas scrubber. 

 

Applicability 

AlCl3-catalysed processes. 

 

[This BAT conclusion is based on information given in Sections 12.3.1 and 12.4.1.1] 

 

Note to TWG: The EIPPCB sees no need for a BAT-AEL here since the few acid-based units 

still in operation have a scrubber and the stream is sent to a shared abatement device. No data 

was received on stand-alone installations. 

 

[This BAT conclusion is based on information given in Sections 12.3.1 and 12.4.1.1] 

 

BAT 102. In order to prevent or reduce dust and HCl emissions to air from catalyst-

related operations, BAT is to apply one of the techniques given below. 

 
 Technique Description Applicability 

Process-integrated measures 

a. Zeolite-based process 

Selection of the zeolite-based process 

design for EB production. The exhausted 

catalyst is an inert material that is not 

regenerated. Existing acid-based units 

can be retrofitted to the zeolite-based 

process 

New unit or major 

retrofits 

Abatement 

b. Wet gas scrubber (water) 

Wet scrubbing is a mass transfer between 

a soluble gas and in this case water. The 

component is dissolved in the water 

AlCl3-based processes 

 

[This BAT conclusion is based on information given in Sections 12.3, 12.4.1.1 and 12.4.1.4] 

 

17.11.2 BAT conclusion on emissions to water 
 

BAT 103. In order to prevent or reduce the amount of waste water discharged to further 

waste water treatment and to recover benzene, ethylbenzene and other valuable 

hydrocarbons from the effluent, BAT is to select the zeolite-based process. (See BAT 100). 

 

Applicability 

New units and major refits of AlCl3-catalysed units. 

 

[This BAT conclusion is based on information given in Sections 12.3. 12.4.1.4.1 and 12.4.2] 
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17.11.3 BAT conclusions on waste generation and product recovery 
 

BAT 104. In order to prevent or reduce the amount of waste requiring disposal (e.g. 

landfill) from spent catalyst neutralisation in AlCl3-catalysed EB plants, BAT is to apply 

one of the techniques given below. 

 
 Technique Description Applicability 

a. 
Selection of zeolite-based 

process 
See BAT 100 and BAT 103 

New installations or 

major retrofits 

b. 
Recovery of VOCs and 

AlCl3 by-product 

Sludge treatment process to recover 

residual VOCs and then concentrate the 

aqueous layer to give a saleable AlCl3 by-

product 

AlCl3-based processes 

 

[This BAT conclusion is based on information given in Sections 12.3.6.1-2 and 12.4.6.1] 

 

BAT 105. In order to prevent or reduce the amount of waste tar requiring disposal (e.g. 

incineration), BAT is to reuse tar from EB purification by applying one or a combination 

of the techniques given below.  

 
 Technique Description Applicability 

a. 
Feedstock recovery (by 

distillation, cracking, etc.) 
See BAT 27b See BAT 27b 

b. 

Reuse of tar as an 

absorbent in wet gas 

scrubber 

Use the tar as an absorbent in styrene 

monomer plants, which are usually co-

located with ethylbenzene plants. See 

BAT 106b) 

Applicability may be 

limited by SM plant 

availability and / or 

commercial interest 

c. 
Recovery of energy from 

process stream (tar) 
See BAT 27f See BAT 27f 

 

 [This BAT conclusion is based on information given in Sections 12.3.6.3 and 12.4.6.3-4] 
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17.12 BAT conclusions for styrene production from 
ethylbenzene dehydrogenation 

 

These BAT conclusions are additional to those in Section 17.3. 

 

17.12.1 BAT conclusions on emissions to air 
 

BAT 106. In order to prevent or reduce VOC emissions to air and recover excess 

hydrogen from the reaction section, BAT is to apply an appropriate combination of the 

techniques given below. 

 
 Technique Description Applicability 

Recovery of pollutants at source 

a. Condensation 

Condensation is a technique that 

eliminates solvent vapours from a waste 

gas stream by reducing its temperature 

below its dew point. A large condensing 

duty will reduce the load on other devices 

Generally applicable 

b. Absorbers (gas scrubbing) 

Scrubbing, either using commercial 

solvents or the still bottoms from EB 

plants (see BAT 105b). VOCs can be 

recovered by stripping 

Generally applicable 

c. 
Recovery and reuse of 

hydrogen (PSA) 
See BAT 10a New units or retrofits 

Energy recovery 

d. Use of hydrogen as a fuel 

The hydrogen from the reaction can be 

used as a fuel to provide energy to the 

steam superheater 

New units or  retrofits 

 

BAT-associated emission levels: see Table 17.21 

 
Table 17.21: BAT-AELs for VOC emissions 

Parameter 
BAT-AEL (

1
) 

mg/Nm
3
 (monthly average) 

VOCs, expressed as C 10–30 

Benzene 1–5 
(1) In the circumstances where this emission is routed to a further abatement device, this is not a BAT-AEL in the 

sense of Article 3(13) of the IED because this does not apply to the point where the emission leaves the installation 

The associated monitoring is in BAT 1. 

 

[Request to TWG: The EIPPCB believes a BAT-AEL should be set but presently there is 

insufficient data. The ranges shown also draw from other processes. Please provide additional 

data.] 

 

[Note to TWG: The BREF could alternatively assume that in each EBD unit all of these process 

vents are sent to a furnace as fuel, and therefore remove the BAT-AEL tables and other 

techniques mentioned here.] 

 

[This BAT conclusion is based on information given in Sections 13.3.1.1 and 13.4.1] 

 

BAT 107. In order to prevent or reduce VOC emissions to air from other process vents 

(such as vacuum systems), BAT is to apply one or both of the techniques given below. 

 
 Technique Description Applicability 

Energy recovery 

a. 
Recovery of energy from 

vent stream  
See BAT 11a See BAT 11a 

Abatement 
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b. Catalytic oxidation Bee BAT 11b See BAT 11b 

c. Thermal oxidation See BAT 11c See BAT 11c 

 

BAT-associated emission levels: see Table 17.21 

 

[This BAT conclusion is based on information given in Section 13.4.1.2-3] 

 

17.12.2 BAT conclusion on emissions to water 
 

BAT 108. In order to prevent or reduce the amount of waste water and maximise 

recovery of ethylbenzene, styrene monomer, benzene and other valuable hydrocarbons, 

BAT is to apply a combination of the techniques given below. 

 

 Technique Description Applicability 
Process-integrated techniques 

a. Deep vacuum reaction 

Vacuum design has become standard, as 

its benefits include high conversion and 

high selectivity. The low dilution steam 

required at low pressure outweighs the 

cost of the compressor. The lower steam 

usage will lead to lower effluent 

generation 

 

Recovery of pollutants at source 

b. 
Reuse treated (condensate) 

water  as boiler feed water 

VOC stripping of the waste water from 

the reaction section followed by filtering 

through activated carbon 

 

c. Phase separation 

A group of techniques that utilise density 

difference to separate two immiscible 

liquid phases, or separate solids from 

liquids or both. Designs may incorporate 

underflow and overflow systems and 

interface detection systems 

 

d. Stripping 

A technique where the waste water is 

heated in a column by the injection of 

steam at the base. Organics in the waste 

water are volatilised and collected from 

the column overhead by condensation 

 

e. Adsorption 

A technique where the waste water is 

passed through an activated carbon bed to 

remove organic substances from the 

waste water stream 

 

 

[This BAT conclusion is based on information given in Section 13.4.2] 

 

17.12.3 BAT conclusions on energy efficiency 
 

BAT 109. In order to use energy efficiency and reduce emissions to air from combustion 

operations, BAT is to reduce the energy demand by applying a combination of the 

techniques given below. 

 
 Technique Description Applicability 

a. Adiabatic reaction design 

Adiabatic dehydrogenation reaction in 

multiple reactors or in reactor beds 

operated in series. The necessary heat of 

reaction is applied at the inlet to each 

stage, either by injection of superheated 

steam or by indirect heat transfer. Lower 

impurities are generated due to the better 

temperature profile management 

New units or major 

retrofits 
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b. Oxidative reheat 

In the oxidative reheat technique or 

oxidative hydrogen removal, oxygen is 

fed to the reaction. Heat for reaction is 

generated by the controlled combustion 

of H2. Removing H2 from the reaction 

mixture shifts equilibrium towards EB 

conversion 

New units or major 

retrofits 

c. Flameless combustion 

A technique using flameless distributed 

combustion for heating the EBD reactor 

feed streams, providing continuous heat 

input to the reaction and permits 

operation at lower temperatures 

New units or major 

retrofits 

 

[This BAT conclusion is based on information given in Sections 13.4.1.6, 13.4.3.4-5, 13.4.4 and 

13.4.5.4] 

 

17.12.4 BAT conclusions on waste generation 
 

BAT 110. In order to prevent or reduce the amount of coke waste produced, BAT is to 

operate under deep vacuum and dilute the reaction feed with steam. 

 

[This BAT conclusion is based on information given in Section 13.4.2.1.1 and 13.4.5.6] 

 

BAT 111. In order to reduce the amount of gums (oligomers) waste requiring disposal, 

BAT is to apply one or both of the techniques given below.  

 
 Technique Description Applicability 

a. Addition of inhibitors 

Selection (and optimisation of dosage) of 

a polymerisation inhibitor or retarder will 

reduce the losses of product to gum (or 

tar) waste generation 

Generally applicable 

b. 

Minimisation of 

residue/oligomer 

formation in distillation 

systems 

A group of distillation (design and 

operational) strategies that avoid high 

temperature and high hold-up: packing vs 

trays to reduce delta pressure and thus 

temperature; vacuum vs atmospheric to 

reduce operating temperature 

New units or major 

retrofits 

 

 [This BAT conclusion is based on information given in Section 13.4.3.6-7, and 13.4.5.5] 

 

BAT 112. In order to prevent or reduce the amount of tar and spent solvent waste 

requiring disposal, BAT is to reuse it as a fuel for the furnace by applying one or both of 

the techniques given below. 

 
 Technique Description Applicability 

a. 
Recover energy from 

process stream  
See BAT 27f 

New units or major 

retrofits 

b. Optimise inhibitor dosage 

Determine the criteria to optimise 

inhibitor dosing: more doses will reduce 

gum or oligomer formation but can also 

lead to high sulphur content in a stream 

that could be used as a fuel substitute 

New units or major 

retrofits 

 

[This BAT conclusion is based on information given in Section 13.4.5.4] 
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17.13 BAT conclusions for co-production of styrene and 
propylene oxide 

 

These BAT conclusions are additional to those in Section 17.3. 

 

17.13.1 BAT conclusions on emissions to air 
 

BAT 113. In order to prevent or reduce VOC emissions to air from the oxidation section, 

BAT is to apply one or a combination of the techniques given below (as part of an 

integrated waste gas management and treatment strategy, see BAT 9) prior to combining 

them for further treatment or abatement. 

 
 Technique Description Applicability 

Process-integrated techniques 

a. 
Process optimisation: 

oxidation reaction 

A group of measures on reactor design 

and operation that results in fewer light 

components being generated in the 

reaction and thus less load to the gas 

recovery system 

Generally applicable 

b. 

Direct contact of spent air 

with recycled EB 

(chimney tray) 

Vapour from the oxidation reaction is 

contacted with the cool EB recycle 

stream in order to absorb the EB from the 

vapours and to recover heat that is 

supplied to the recycled EB. Then cleaner 

spent air is exhausted and a water acid 

purge is generated from this absorption 

New units or major 

retrofits 

Recovery for reuse or recycling 

c. Condensation  

Condensation is a technique that 

eliminates solvent vapours from a waste 

gas stream by reducing its temperature 

below its dew point. There are different 

methods of condensation depending on 

the operating temperature range 

Generally applicable 

d. Adsorption 

Adsorption is a heterogeneous reaction in 

which gas molecules are retained on a 

solid surface (e.g. charcoal) 

Generally applicable 

e. 
Absorption (gas 

scrubbing) 

Scrubbing with a suitable solvent to 

absorb ethylbenzene, which can be 

recycled to the reactor train 

Generally applicable 

 

BAT-associated emission levels: see Table 17.22 

 

[Note to TWG: The EIPPCB recommends a BAT-AEL here but insufficient data were collected. 

TWG members are requested to provide more info]. 

 
Table 17.22: BAT-AELs for VOC emissions  

Parameter 
BAT-AEL (

1
) 

mg/Nm
3 

monthly average
 

VOCs, expressed as C 10–30 

Benzene 1–5 

(
1
) In the circumstances where this emission is routed to a further abatement device, this is not a BAT-AEL in the 

sense of Article 3(13) of the IED because this does not apply to the point where the emission leaves the installation 

The associated monitoring is in BAT 1. 

 

[Request to TWG: The EIPPCB believes a BAT-AEL should be set but presently there is 

insufficient data. The ranges shown also draw from other processes. Please provide additional 

data. The EIPPCB is of the view that we should be looking to set a generic BAT-AEL covering 

the operation of thermal oxidisers across the whole LVOC sector.] 
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 [This BAT conclusion is based on information given in Sections 14.3 and 14.4.1.14] 

 

BAT 114. In order to prevent or reduce emissions of VOCs to air from epoxidation, BAT 

is to apply one or a combination of the techniques given below. 

 
 Technique Description Applicability 

a. 

Recover energy from the 

vent stream (calorific 

values) 

See BAT 9a and BAT 9b 
See BAT 9a and BAT 

9b 

b. 
Feedstock recovery (by 

distillation, cracking, etc.) 

Many LVOC processes generate residues 

that contain feedstock or are easily 

converted into feedstock. The normal 

process layout would include a product 

purification or fractionation unit where 

these streams are: 

- isolated and/or purified by means of a 

distillation column; or 

- converted: thermal or catalytic cracking 

reactions to break larger molecules into 

reusable feedstock 

New units 

 

[This BAT conclusion is based on information given in Sections 14.3 and 14.4.1.2] 

 

BAT 115. In order to prevent or reduce emissions of VOCs to air from hydrogenation, 

BAT is to apply one or a combination of the techniques given below. 

 
 Technique Description Applicability 

Avoidance or reduction at source 

a. 
Recycling and reuse of 

hydrogen 
See BAT 10a See BAT 10a 

Energy recovery 

c. 
Recovery of energy from 

the vent stream 
See BAT 11a See BAT 11a 

 

[This BAT conclusion is based on information given in Sections 14.3 and 14.4.1.4] 

 

BAT 116. In order to prevent or reduce emissions to air, from the epoxidation section 

and / or from the combined waste gas stream, BAT is to apply one of the techniques given 

below (as part of an integrated waste gas management and treatment strategy, see BAT 9). 

 
 Technique Description Applicability 

Energy recovery 

a. 
Recovery of energy from 

vent stream  
See BAT 11a See BAT 11a 

Abatement 

b. Catalytic oxidation See BAT 11b See BAT 11b 

c. Thermal oxidation See BAT 11c See BAT 11c 

(
1
) Includes emissions from epoxidation unit vents. 

 

BAT-associated emission levels: see Table 17.22 

 

[This BAT conclusion is based on information given in Section 14.4.1] 
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17.13.2 BAT conclusions on emissions to water 
 

BAT 117. In order to prevent or reduce the amount of waste water and organic 

compounds (e.g. hydroperoxide) discharged to further waste water treatment from the 

acid purge, BAT is to recover ethylbenzene and pretreat the waste water by applying a 

combination of the techniques given below. 

 

 Technique Description Applicability 
Process-integrated techniques 

a. 

Direct contact of spent 

air with recycled EB 

(chimney tray) 

See BAT 113a 
New units or major 

retrofits 

Waste water pretreatment 

b. 
Peroxide decomposition 

and biotreatment  

A propylene oxide/styrene monomer 

aqueous purge stream is contacted 

with a catalyst at conditions effective 

to decompose the peroxides contained 

therein, and the oxygen formed by the 

decomposition is swept from the 

decomposition with a nitrogen vapour 

stream from the ethylbenzene 

oxidation 

Generally applicable 

c. Humide oxidation 

Humide oxidation (OHP) is 

technology for waste water treatment 

that uses hydrogen peroxide to 

generate highly oxidative hydroxyl 

radicals. This enables the cost-

effective consumption of oxidation 

reagent. OHP can be used to treat all 

types of organic waste waters to 

achieve COD (TOC) reduction, or 

increase biodegradability. It can be 

applied as the stand-alone treatment or 

combined with a more economical 

biological treatment 

New units or major 

retrofits 

d. 

Wet air oxidation 

combined with activated 

carbon regeneration 

Oxidation using air at high 

temperature and pressure to treat the 

high COD combined effluent stream. 

The COD is reduced significantly and 

made more biodegradable, the wet 

oxidation effluent does not have a 

sufficient quality to be discharged, so 

it is biologically treated using the 

Powdered Activated Carbon (PACT) 

system. The sludge from PACT is 

treated by wet air regeneration for 

regeneration of the activated carbon 

and destruction of the biomass. The 

effluent from the PACT process is 

filtered using a sand filter and 

discharged along with the rest of the 

complex effluent waters into the final 

discharge 

New units or major 

retrofits 

 

[Request to TWG: The EIPPCB recommends a BAT-AEPL here on pH and COD but sufficient 

data were not collected. TWG members are requested to provide more info.] 

 

[This BAT conclusion is based on information given in Sections 14.3, 14.4.1.1.2 and 14.4.2.1] 
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BAT 118. In order to prevent and reduce amount of waste water discharged to further 

treatment from the epoxidation (with homogeneous catalyst systems) unit, BAT is to 

recover ethylbenzene and catalyst residues by applying one or both of the techniques given 

below. 

 

 Technique Description Applicability 
Process-integrated techniques 

a. 
Heterogeneous catalyst 

system in epoxidation unit 

Heterogeneous catalyst stays in the 

reactor, avoiding the presence of metallic 

compounds in this aqueous stream. 

Increasing oxidation selectivity will 

reduce the organic content and will 

decrease the washing intensity 

New units or major 

refits 

b. Two-step process 

Selective removal of metal catalyst by 

adding a sufficient quantity of alkali to 

neutralise the catalyst without 

neutralising the organic acids, which are 

then neutralised in a second stage 

New units or major 

refits 

 

[This BAT conclusion is based on information given in Sections 14.3 and 14.4.2.2] 

 

BAT 119. In order to prevent or reduce the amount of waste water discharged to further 

treatment from epoxidation with heterogeneous catalyst systems and other process 

washing operations, BAT is to apply one or a combination of the techniques given below. 

 

 Technique Description Applicability 
Recovery of pollutants at source 

a. Phase separation 

A group of techniques that utilise 

density difference to separate two 

immiscible liquid phases, or separate 

solids from liquids or both. Designs 

may incorporate underflow and 

overflow systems, neutralisation and 

interface detection systems 

 

b. 
Chemical treatment and 

phase separation  

Dissolved organics in the aqueous 

phase are further recovered by 

treatment with sulphuric acid, 

followed by phase separation 

 

c. Stripping 

Steam stripping is a technique where 

the waste water is heated in a column 

by the injection of steam at the base.  

Organics in the waste water are 

volatilised and collected from the 

column overhead by condensation 

 

d. 
Extraction (liquid-

liquid) 

Extraction is the technique by which 

soluble contaminants from the waste 

water phase are transferred into a 

solvent. Extraction is operated in 

columns where the waste water is 

brought into contact with the organic 

solvent in different ways 

 

 

[This BAT conclusion is based on information given in Sections 14.3 and 14.4.2.3] 
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17.13.3 BAT conclusions on waste generation 
 

BAT 120. In order to reuse the propane, ethane and lighter cuts from distillation 

operations, BAT is to apply one or both of techniques given below. 

 
 Technique Description Applicability 

a. 
Feedstock recovery (by 

distillation, cracking, etc.) 
See BAT 27b New units 

b. 
Recovery of energy from 

vent stream  
See BAT 11a See BAT 11a 

 

[This BAT conclusion is based on information given in Sections 14.3 and 14.4.5.1] 

 

BAT 121. In order to reduce the amount of catalyst residue requiring disposal, BAT is to 

use or retrofit a heterogeneous catalyst system in the epoxidation unit. 

 

Applicability 

Applicable to new units or major retrofits. 

 

[This BAT conclusion is based on information given in Sections 14.3, 14.4.2.2.1 and 14.4.5.4] 

 

BAT 122. In order to prevent or reduce the amount of tar, heavy cuts and gum waste 

requiring disposal, BAT is to apply both of the techniques given below. 

 
 Technique Description Applicability 

a. 
Recovery of liquid 

hydrocarbons as fuel 
See BAT 27f See BAT 27f 

b. Optimise use of inhibitors  

Determine the criteria to optimise 

inhibitor dosing: more doses will reduce 

gum or oligomer formation but can also 

lead to high sulphur content in a stream 

that could be used as fuel substitute 

New units or major 

retrofits 

 

 [This BAT conclusion is based on information given in Sections 14.3 and 14.4.5.5-6] 

 

17.13.4 BAT conclusion on other than normal operating conditions 
 

BAT 123. In order to prevent or reduce emissions of VOCs from the hydrogenation 

section in other than normal operating conditions (such as start-up events), BAT is to 

channel the waste gas from the reaction vent during these events to a shared vent system 

capable of treating the emission.  

 

[This BAT conclusion is based on information given in Sections 2.4.12 and 14.4.6.2.3] 
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17.14 BAT conclusions for hydrogen peroxide production 
 

These BAT conclusions are additional to those in Section 17.3. 

 

17.14.1 BAT conclusions on emissions to air 
 

BAT 124. In order to prevent or reduce VOC emissions to air from the oxidation section, 

BAT is to apply one or a combination of the techniques given below (as part of an 

integrated waste gas management and treatment strategy, see BAT 9) prior to combining 

them for further treatment or abatement. 

 
 Technique Description Applicability 

Process integrated measures 

a. Process optimisation 

This is a group of process-related 

decisions (design and operational) that 

will lead to reduced  emissions to air 

being generated from the reaction, and 

thus less load to be addressed by the 

recovery systems downstream of the 

reaction section 

New units or major 

retrofits 

Recovery for reuse or recycling 

b. Condensation  

Condensation is a technique that 

eliminates solvent vapours from a waste 

gas stream by reducing its temperature 

below its dew point. There are different 

methods of condensation depending on 

the operating temperature range 

Generally applicable 

Abatement 

c. Wet gas scrubber 

Wet scrubbing (or absorption) is a mass 

transfer between a soluble gas and a 

solvent (e.g. water, alkaline solution) in 

contact with each other. Physical 

scrubbing is preferred for chemical 

recovery, whereas chemical scrubbing is 

restricted to removing and abating 

gaseous compounds. Physico-chemical 

scrubbing takes an intermediate position. 

The component is dissolved in the 

absorbing liquid and is involved in a 

reversible chemical reaction, which 

enables the recovery of the gaseous 

component 

New units or major 

retrofits 

d. Adsorption 

Adsorption is a heterogeneous reaction in 

which the gas molecules are retained on a 

solid surface (e.g. activated carbon) that 

prefers specific compounds to others and 

thus removes them from effluent streams 

Generally applicable, 

may be shared unit for 

final abatement 

 

BAT-associated emission levels (BAT-AEL): see Table 17.23 

 
Table 17.23:  BAT-AELs for VOC emissions  

Parameter BAT-AEL (mg/Nm
3
) (

1
) 

VOCs, expressed as C 10–30  

Benzene 1–5 

(
1
) In the circumstances where this emission is routed to a further abatement device, this is not a BAT-AEL in the 

sense of Article 3(13) of the IED because this does not apply to the point where the emission leaves the installation 

The associated monitoring is in BAT 1. 

 

[This BAT conclusion is based on information given in Sections 15.3.1 and 15.4.1.1] 
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BAT 125. In order to prevent or reduce VOC emissions to air from the hydrogenation 

section, BAT is to apply one or both of the techniques given below (as part of an integrated 

waste gas management and treatment strategy, see BAT 9) prior to combining them for 

further treatment or abatement. 

 
 Technique Description Applicability 

Process integrated measures 

a. Process optimisation 

This is a group of process-related 

decisions (design and operational) that 

will lead to reduced  emissions to air 

being generated from the reaction, and 

thus less load to be addressed by the 

recovery systems downstream of the 

reaction section 

New units or major 

retrofits 

b. 
Recovery and reuse of 

hydrogen  
See BAT 10a See BAT 10a 

Recovery for reuse or recycling 

c. Recover hydrogen by PSA See BAT 10c See BAT 10c 

Energy recovery 

d. 

Recover energy from the 

vent stream (calorific 

values) 

See BAT 11a See BAT 11a 

Abatement 

e. Wet gas scrubbing 

Wet scrubbing (or absorption) is a mass 

transfer between a soluble gas and a 

solvent (e.g. water, alkaline solution) in 

contact with each other. Physical 

scrubbing is preferred for chemical 

recovery, whereas chemical scrubbing is 

restricted to removing and abating 

gaseous compounds. Physico-chemical 

scrubbing takes an intermediate position. 

The component is dissolved in the 

absorbing liquid and is involved in a 

reversible chemical reaction, which 

enables the recovery of the gaseous 

component 

New units or major 

retrofits 

f. Adsorption 

Adsorption is a heterogeneous reaction in 

which gas molecules are retained on a 

solid or liquid surface (adsorbent also 

referred to as a molecular sieve) that 

prefers specific compounds to others and 

thus removes them from effluent streams 

New units or major 

retrofits 

 

[This BAT conclusion is based on information given in Section 15.4.1.2] 

 

BAT 126. In order to prevent or reduce emissions of dust to air from hydrogenation, 

BAT is to apply one or a combination of the techniques given below (as part of an 

integrated waste gas management and treatment strategy, see BAT 9) prior to combining 

them for further treatment or abatement. 

 
 Technique Description Applicability 

Process integrated measures 

a. 
Catalyst selection and 

optimisation 
See BAT 23a-23d See BAT23a-23d 

b. Fixed bed reactor 

A fixed bed reactor (e.g. with catalyst 

support bed) will normally generate 

lower dust emissions to air or water and 

will enhance catalyst life (lower spent 

catalyst) 

New units or major 

retrofits 

Abatement 
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c. 
Mist filters or settling 

chambers 

Collection of unit design techniques that 

minimises the inadequate carry-over of 

solid or liquid particles in a gas stream: 

settling chamber, mist filter, cyclones, 

knock-out drums, etc.  

The most common mist filters (mist 

eliminators, demisters) are mesh pad 

filters. Mesh pad filters usually consist of 

woven or knitted metallic or synthetic 

material monofilament in either a random 

or specific configuration and are operated 

as deep bed filtration, which takes place 

over the entire depth of the filter 

Generally applicable  

 

[This BAT conclusion is based on information given in Sections 15.4.1.3] 

 

BAT 127. BAT is to monitor the concentration and load of NMVOCs, methane and dust 

in the vent from the hydrogenation unit.   

 

[This BAT conclusion is based on information given in Sections 2.4 and 15.4] 

 

BAT 128. In order to prevent or reduce VOC and dust emissions to air from other 

process units (such as extraction, working solution regeneration system and the drying 

unit), BAT is to apply both of the techniques given below prior to channelling to the 

shared waste gas treatment system. 

 
 Technique Description Applicability 

Recovery for reuse or recycling 

a. Condensation  

Condensation is a technique that 

eliminates solvent vapours from a waste 

gas stream by reducing its temperature 

below its dew point. There are different 

methods of condensation depending on 

the operating temperature range 

New units or major 

retrofits 

Abatement 

b. Cyclone 

Cyclones use inertia in order to remove 

dust from waste gas streams by imparting 

centrifugal forces, usually within a 

conical chamber 

New units or major 

retrofits 

 

[This BAT conclusion is based on information given in Section 15.4.1.6] 

 

BAT 129. In order to prevent or reduce VOC emissions to air, BAT is to use an adsorber 

(e.g. activated carbon bed) for the treatment of the combined waste gas stream as part of 

an integrated waste gas management and treatment strategy (see BAT 9 and BAT 123c). 

 

BAT-associated emission levels (BAT-AEL): see Table 17.23 

 

[This BAT conclusion is based on information given in Section 15.4.1] 

 

BAT 130. In order to prevent uncontrolled emissions to air (e.g. dioxins), it is not BAT to 

use a calciner for catalyst regeneration.  

 

[This BAT conclusion is based on information given in Sections 15.3.1.5 and 15.4.1.6-7] 

 

BAT 131. In order to prevent or reduce emissions of HCl to air during catalyst 

regeneration, BAT is to use a wet gas (caustic) scrubber on the waste gas stream.  

 

[This BAT conclusion is based on information given in Sections 15.3.1.5 and 15.4.1. 7] 
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17.14.2 BAT conclusions on emissions to water 
 

BAT 132. In order to prevent or reduce the amount of waste water discharged to further 

waste water treatment BAT is to apply an appropriate combination of the techniques 

given below. 

 

 Technique Description Applicability 
Process-integrated techniques 

a. 

Dedicated and closed 

system for collection of 

emissions 

Waste water from hydrogen peroxide 

plants is segregated from other sources of 

waste water in order to facilitate the 

recovery of feedstocks or products 

Applicability may be 

restricted by local 

drainage systems 

b. 
Selection of system for 

working solution reversion 

Choose an alkali reversion process to 

prevent effluent generation 
Generally applicable 

Recovery of pollutants at source 

c. Liquid phase separation 

Phase separation equipment with 

sufficient residence time, interface 

detection and control to ensure effective 

separation of aqueous and organic phases 

Generally applicable 

d. 
Multiple use and 

recirculation 
See BAT 26a See BAT 26a 

e. Stripping  

Reducing the organic content of the 

aqueous phase to enable its reuse in the 

process 

Generally applicable 

 

[This BAT conclusion is based on information given in Sections 15.4.2.1-3] 

 

BAT 133. In order to prevent or reduce the pollutant load from the waste water streams 

prior to the final waste water treatment plant, BAT is to apply one of the techniques given 

below. 

 

 Technique Description Applicability 
Waste water pretreatment 

a. Adsorption  

Removal of recalcitrant organic 

pollutants by passing through an 

activated carbon bed 

Generally applicable 

b. Disposal as a waste  

Concentration of the final effluent until 

the organic concentration is sufficient for 

waste disposal e.g. by incineration 

Generally applicable 

 

[This BAT conclusion is based on information given in Section 15.4.2] 

 

17.14.3 BAT conclusions on waste generation and product recovery 
 

BAT 134. In order to prevent or reduce the amount of waste requiring disposal arising 

from working solution reversion, BAT is to use an alkaline solution (calcium hydroxide, 

ammonia, or amines in the presence of oxygen or hydrogen peroxide) as the working 

solution reversion system. 

 

[This BAT conclusion is based on information given in Sections 15.3.6, 15.4.2.1.1 and 15.4.6.2-

5] 

 

BAT 135. In order to prevent or reduce the amount of spent catalyst from 

hydrogenation requiring disposal, enhance catalyst life and reduce dust emissions, BAT is 

to use a fixed bed reactor (i.e. with a catalyst support bed). 

 

Applicability 

New units and major refits. 
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[This BAT conclusion is based on information given in Sections 15.4.1.3.4 and 15.4.6.2] 

 

17.14.4 BAT conclusions on other than normal operating conditions 
 

BAT 136. In order to reduce VOC emissions to air from the hydrogenation section 

during start-up operations, BAT is to increase the working solution reactor level during 

start-up.  

 

Description 

Some units send the reaction flue-gas vent to atmosphere during the start-up of the 

hydrogenation reactor, thus reducing the head space of the reactor by increasing the working 

solution level at start-up. 

 

[This BAT conclusion is based on information given in Sections 2.4.12.1 and 15.4.7.2] 

 

BAT 137. In order to prevent or reduce emissions of VOCs from the hydrogenation 

section in other than normal operating conditions (such as start-up events), BAT is to 

channel the waste gas from the reaction vent during these events to a shared vent system 

capable of treating the emission. 

 

[This BAT conclusion is based on information given in Sections 2.4.12.1 and 15.4.7.2] 
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17.15 BAT conclusions for ethylene dichloride and vinyl 
chloride production 

 

These BAT conclusions are additional to those in Section 17.3. 

 

17.15.1 BAT conclusions on emissions to air 
 

BAT 138. In order to reduce emissions to air (i.e. NOX, COX, VOCs, CO and dust) from 

the combustion of fuels in the EDC pyrolysis furnace, BAT is to apply one or both of the 

process-integrated techniques applied on the energy demand side given below. 

 
 Technique Description Applicability 

a. 
Use of initiators to reduce 

the furnace duty demand 

The use of a catalyst and/or initiators 

leads to a similar conversion of EDC to 

VCM at lower duties in the furnace. It is 

possible to use ʻinitiatorsʼ, such as 

chlorine, nitromethane, chloroform or 

carbon tetrachloride 

Generally applicable 

b. 

Favour reaction with 

certain impurities to 

reduce the furnace duty 

demand 

The process itself is capable of producing 

ʻgood impuritiesʼ. These species may act 

as a source of radicals, with the effect of 

increasing the reaction rate and 

selectivity at a substantially lower 

reaction temperature. Chloromethanes, 

such as CCl4, are examples of good 

impurities 

 

[This BAT conclusion is based on information given in Section 16.4.1.2] 

 

BAT 139. In order to prevent or reduce NOX emissions to air from the EDC pyrolysis 

furnace, BAT is to use one or a combination of the techniques given below. 

 
 Technique Description Applicability 

a. Primary measures for NOX  See BAT 12a-12e See BAT 12a-12e 

b. 
Secondary measures for 

NOX  
See BAT 12f-12h  See BAT 12f-12h 

c. 

Process-integrated 

measures on the energy 

demand side  

See BAT 138  See BAT 138 

 

[This BAT conclusion is based on information given in Sections 2.4.4.4 and 16.4.1.2]  

 

BAT-associated emission levels: see Table 17.24. 

 

BAT 140. In order to prevent or reduce dust and metal emissions to air from the EDC 

pyrolysis furnace, BAT is to use one or a combination of the techniques given below. 

 
 Technique Description Applicability 

a. Primary measures for dust  See BAT 14a-14c See BAT 14a-14c 

b. 
Secondary measures for 

dust 
See BAT 14d-14g See BAT 14d-14g 

c. 

Process-integrated 

measures on the energy 

demand side  

 See BAT 138 See BAT 138 

 

BAT-associated emission levels: see Table 17.24. 

 

[This BAT conclusion is based on information given in Sections 2.4.4.4  and 16.4.1.2]  
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BAT 141. In order to prevent or reduce SOX emissions to air from the EDC pyrolysis 

furnace, BAT is to use one or a combination of the techniques given below. 

 
 Technique Description Applicability 

a. Primary measures for SOX  See BAT 15a-15b See BAT 15a-15b 

b. 
Secondary measures for 

SOX  
See BAT 15c-15d See BAT 15c-15d 

c. 

Process-integrated 

measures on the energy 

demand side  

See BAT 138 See BAT 138 

 

BAT-associated emission levels: see Table 17.24. 

 

 [This BAT conclusion is based on information given in Sections 2.4.4.4 and 16.4.1.2]  

 

BAT 142. In order to reduce carbon monoxide (CO) emissions to air, BAT is to use one 

or both of the techniques given below. 

 
 Technique Description Applicability 

a. Measures to control CO  See BAT 16 See BAT 16 

b. 

Process-integrated 

measures on the energy 

demand side  

See BAT 138 See BAT 138 

 

[This BAT conclusion is based on information given in Section 2.4.4.4 and 16.4.1.2] 

 

BAT-associated emission levels: see Table 17.24. 

 
Table 17.24: BAT-AELs for emissions to air from an EDC pyrolysis furnace 

Parameter 

BAT-AEL (
1
)(

2
) 

(monthly average) (
7
) 

mg/Nm
3
 at 3 % O2 

Applicability 

NOx 50-100 (
3
)(

4
)  

Dust  2–10 (
5
)(

6
)  

Sulphur dioxide (SO2) 5–10  

Carbon monoxide (CO) ≤20  

 (1) Where the waste gases of two or more cracker furnaces are discharged through a common stack, the BAT-AEL 

applies to the combined discharge from the stack. 

(2) In the circumstances where the waste gas from a cracker furnace is discharged through a common stack shared 

with another process, the BAT-AEL applies where the emission enters said common stack.  However, because this is 

not the point where the emission leaves the installation, this is not a BAT-AEL in the sense of Article 3(13) of the 

IED, but should be regarded as a BAT-AEPL. 

(
3
) For fuel with a high H2 content (i.e. above 10 %), the upper end of the range is 75 mg/Nm3.  

(
4
) The lower end of the range is achievable by SCR. 

(
5
) The lower end of the range is achievable for units using end-of-pipe techniques. 

(
6
) The upper end of the range refers to the use of a high percentage of oil burning and where only primary techniques 

are applicable.  

(
7
) For SO2 emissions, where the sulphur content of the fuel is reasonably stable, the monthly average may be based 

on the measured sulphur content of the fuel, see BAT 2. 

The associated monitoring is in BAT 1. 
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BAT 143. In order to prevent or reduce VOC emissions to air, BAT is to apply both 

techniques given below (as part of an integrated waste gas management and treatment 

strategy, see BAT 9) to individual emission sources prior to combining them for further 

treatment or abatement. 

 
 Technique Description Applicability 

Process-integrated techniques 

a. Process optimisation 

This is a group of process-related 

decisions (design and operational) that 

will lead to reduced  emissions to air 

being generated from the reaction, and 

thus less load to be addressed by the 

recovery systems downstream of the 

reaction section 

New units or major 

retrofits 

Abatement 

b. 

Condensation and 

cryogenic condensation 

(Condensers with 

refrigerant (propylene or 

ammonia)) 

Condensation is a technique that 

eliminates solvent vapours from a waste 

gas stream by reducing its temperature 

below its dew point. There are different 

methods of condensation depending on 

the operating temperature range 

New units or major 

retrofits 

 

[This BAT conclusion is based on information given in Section 16.4.1.1] 

 

BAT 144. In order to prevent or reduce emissions to air of VOCs, HCl, Cl2, PCBs and 

dioxins, BAT is to apply, to the combined waste gas stream, all the techniques given below 

in the following order: 1) caustic scrubber, 2) catalytic or thermal oxidation, 3) caustic 

scrubber, 4) carbon adsorption. 

 
 Technique Description Applicability 

1. Wet gas (caustic) scrubber  

In the wet scrubbing process, gaseous 

compounds are dissolved in a caustic 

solution. Scrubbing with a caustic 

solution reduces the residual HCl content 

prior to oxidation 

Acid gas streams prior 

to thermal/catalytic 

oxidation 

2a. Catalytic oxidation  See BAT 11b See BAT 11b 

2b. Thermal oxidation (
1
) 

See BAT 11c.  Oxidation temperature 

should exceed 750 °C, with rapid cooling 

to avoid de novo PCDD/F formation 

See BAT 11c 

3. 
Wet gas (caustic) scrubber 

(
2
) 

In the wet scrubbing process, gaseous 

compounds are dissolved in a caustic 

solution. Scrubbing with water and/or a 

caustic solution reduces the HCl 

produced by the oxidation of chlorinated 

hydrocarbons 

After thermal or 

catalytic oxidation 

4. Adsorption (
2
) 

Adsorption is a heterogeneous reaction in 

which gas molecules are retained on a 

solid surface (in this case activated 

carbon) to remove dioxins and other 

residual chlorinated hydrocarbons 

After thermal or 

catalytic oxidation 

(1) Where a hazardous waste incinerator is used on site for the disposal of process residues and waste, this may be 

used in place of the named technique.  

(2) These techniques should also be applied to the exhaust gas from the incineration plant, if one is used on site for 

the disposal of residues and waste from the process.  

  

BAT-associated emission levels (BAT-AELs): see Table 17.25 

 

[This BAT conclusion is based on information given in Section 16.4.1.7] 
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Table 17.25:  BAT-AELs for emissions to air from the combined waste gas stream from the 

EDC/VCM process 

Parameter 

BAT-AEL 

mg/Nm
3
 (11% O2) 

(monthly average) 

VOCs 1–20 

EDC 0.1–1 

VCM 0.1-1 

Cl2 1–5 

HCl 5–15 

PCBs No BAT-AEL (
1
) 

PCDD/F 0.01- 0.05 (
1
)(

2
) 

(1) Periodic monitoring with a minimum monitoring frequency of twice per year. 

(2) The BAT-AEL is in units of ng/Nm3 (TEQ). 

The associated monitoring is in BAT 1. 

 

[This BAT conclusion is based on information given in Sections 2.4.4.1.5, 16.3.1.6 and 16.4.1.7] 

 

BAT 145. In order to prevent or reduce emissions to air of dust and CO from furnace 

decoking, BAT is to apply an appropriate combination of the techniques given below. 

 
 Technique Description Applicability 

Process-integrated measures 

a. 
Use of appropriate 

materials of construction 

Selecting materials that retard coke 

formation for tube construction. 

Any nickel (including any nickel oxide 

sites) in the materials used for the 

construction of the cracker tubes has the 

potential to catalyse the formation of 

coke. This technique therefore relates to 

the use of materials with low nickel 

levels, or with an appropriate surface 

coating that blocks access to available 

nickel (oxide) sites 

New units 

b. 
Optimisation of furnace 

operation 

Group of operational procedures to 

maintain the furnace at optimal 

performance: i.e. airflow optimisation, 

maximising the extent of coke burnout: 

conduct decoking in a manner that 

promotes the maximum oxidation of the 

coke, and reduction of dust emissions 

more CO, higher energy demand 

Generally applicable. A 

higher temperature 

would almost certainly 

accompany attempts to 

achieve a more 

complete burnout, and 

this could result in 

damage to the tubes 

c. 
Optimisation of airflow by 

oxygen monitoring  

In order to minimise CO emissions while 

protecting the integrity of the furnace's 

tubes  

(Thermal) decoking by 

steam/air mixture 

d. 

Use of alternative 

mechanical decoking: sand 

jetting or pigging 

Method of decoking furnace tubes using 

a turbulent stream of impact-resistant, 

particle-enriched gas, or a tight fitting 

object pushed through the pipework 

New units or major 

retrofits. Generally 

applicable (may replace 

or facilitate thermal 

decoking) 

Abatement 

e. Wet abatement devices 
Use of a water scrubber or spray tower to 

capture dust 
Thermal decoking 

f. 
Dry abatement devices 

(cyclones) 

Cyclones use inertia in order to remove 

dust from waste gas streams by imparting 

centrifugal forces, usually within a 

conical chamber 

Generally applicable 
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g. 
Dry abatement devices 

(fabric filter) 

In a fabric filter (also called a bag filter), 

waste gas is passed through a tightly 

woven or felted fabric, causing dust to be 

collected on the fabric by use of a sieve 

or other mechanisms. Fabric filters can 

take the form of sheets, cartridges or bags 

(the most common type) with a number 

of the individual fabric filter units housed 

together in a group. The dust cake that 

forms on the filter can significantly 

increase the collection efficiency 

Generally applicable 

 

[This BAT conclusion is based on information given in Sections 2.4.4.3, 2.4.12 and 16.4.6] 

 

17.15.2 BAT conclusions on emissions to water 
 

BAT 146. BAT is to monitor the content of dioxins and chlorinated hydrocarbons in the 

direct emissions to water. 

 

[This BAT conclusion is based on information given in Section 16.4.2] 

 

BAT 147. In order to prevent or reduce the pollutant load sent to downstream waste 

water treatment, BAT is to first apply stripping to the process waste water before any 

further waste water treatment. 

 

Description 

 
Stripping is a technique where the waste water is heated in a column by the injection of steam or air at the 

base. Organics in the waste water are volatilised and collected from the column overhead by 

condensation. 
 

BAT-associated environmental performance levels (BAT-AEPLs): see Table 17.26. 

 
Table 17.26: BAT-AEPLs for VOCs at outlet of stripper  

Parameter 
BAT-AEPL (

1
) 

(mg/l monthly average) 

EDC < 0.2 

VCM < 0.2 

(
1
) Because this does not apply to the point where the emission leaves the installation, this is not a BAT-AEL in 

the sense of Article 3(13) of the IED. 

The associated monitoring is in BAT 5. 

 

[This BAT conclusion is based on information given in Sections 16.3.2 and 16.4.2] 

 

BAT 148. In order to prevent or reduce emissions to water of dioxins and copper (in 

suspended solids) and poorly biodegradable organic compounds, BAT is to apply an 

appropriate combination of the techniques given below. 

 

 Technique Description Applicability 
Process-integrated techniques 

a. 
Fixed bed design for 

oxychlorination reactor  

Oxychlorination reaction design: in the 

fixed bed reactor, catalyst particulates 

entrained in the overhead vent are 

reduced 

Oxychlorination  

process 

Waste water pretreatment 

b. 

Combining and 

balancing of flows and 

pollution 

loads/concentrations  

It is more efficient to apply 

pretreatment techniques to the 

combined effluent than individual 

streams 

Generally applicable 
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c. 
Coagulation and 

flocculation 

Coagulation and flocculation are 

techniques to promote the separation 

of materials which are present in stable 

suspensions. Coagulation destabilises 

by neutralising their surface electrical 

charge. Flocculation is a gentle mixing 

stage which aims to increase the 

particle size and promote particulates 

to stick together. This can be promoted 

by the coagulant or added organic 

polymers 

Generally applicable 

d. Filtration 

A technique to separate solids from 

waste water by passing it through a 

porous medium 

Generally applicable 

e. 

Chemical (alkali) 

precipitation plus 

separation 

Chemical precipitation is a technique 

for the removal of metals and other 

inorganics from waste waters. The 

solid precipitates formed can be 

separated from the waste water by 

means of sedimentation, air flotation, 

filtration and if necessary followed by 

microfiltration or ultrafiltration. 

Typical chemicals used for heavy 

metal precipitation are lime, dolomite, 

sodium hydroxide, sodium carbonate, 

sodium sulphide and 

polyorganosulphides 

Generally applicable 

f. 
Adsorption (as granular 

activated carbon) 

Adsorption is a heterogeneous reaction 

in which gas molecules are retained on 

a solid or liquid surface (adsorbent 

also referred to as a molecular sieve) 

that prefers specific compounds to 

others and thus removes them from 

effluent streams 

Generally applicable 

g. Neutralisation 

Alkaline treatment to convert residual 

organic compounds into more easily 

biodegradable compounds. 

Generally applicable 

h. Biological treatment (
1
) 

The biological oxidation of dissolved 

organic substances with air or oxygen 

using the metabolism of 

microorganisms, followed by 

biological nitrification/denitrification. 

Generally applicable 

(1) Adaptation of the plant biology to the chlororaromatic compounds is crucial to ensure biodegradation. 

 

BAT-associated emission levels (BAT-AELs): see Table 17.27. 

 
Table 17.27: BAT-AELs for emissions to water downstream of the final waste water treatment 

Parameter BAT-AEL  (annual average)  

EDC < 0.1 mg/l 

VCM < 0.1 mg/l 

Dioxins <0.2 ng/l TEQ 

Copper 0.005–0.05(
1
) mg/l 

(1) Upper end of the range applicable to units with fluidised OC reactor. 

The associated monitoring is in BAT 5. 

 

Note to TWG: The data correspond to sampling points downstream of the WWT unit and thus a 

BAT-AEL (not BAT-AEPL) is proposed. CWW covers these pollutants. 

 

[This BAT conclusion is based on information given in Sections 2.4.5, 16.3.2 and 16.4.2] 
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17.15.3 BAT conclusions on waste generation and product recovery 
 

BAT 149. In order to prevent or reduce the amount of coke requiring disposal (e.g. 

incineration or landfill) from EDC/VCM units, BAT is to apply one or a combination of 

the techniques given below. 

 
 Technique Description Applicability 

Avoidance or reduction at source 

a. 
Use of initiators in 

cracking 
See BAT 136a Generally applicable 

b. 
Rapid quenching post-

cracking 

To minimise coke formation, it is 

necessary to quench or cool the pyrolysis 

reactor effluent quickly. The hot effluent 

gases are normally quenched and 

partially condensed by direct contact with 

cold EDC in a quench tower. 

Alternatively, the pyrolysis effluent gases 

can first be cooled by heat exchange with 

cold liquid EDC furnace feed in a transfer 

line exchanger (TLE) prior to quenching 

in the quench tower 

Generally applicable 

c. 
Pre-evaporation of EDC 

feed 

Use of the external EDC pre-evaporation 

facility reduces the formation of coke in 

the furnace considerably. Coke formation 

is reduced because high-boiling 

impurities (which are the precursor for 

coke formation) in the feed EDC are 

mostly ʻtrappedʼ in the evaporator and 

prevented from entering the furnace 

Applicable to new units 

or major retrofits 

d. Flat flame burners 

A type of burner in the furnace that 

reduces hot spots on the walls of the 

process tubes 

Applicable to new units 

or major retrofits 

 

[This BAT conclusion is based on information given in Section 16.4.5.4] 

 

BAT 150. In order to reduce the amount of waste requiring disposal from EDC/VCM 

residues and chlorinated by-products that arise in the purification steps, BAT is to apply 

one or a combination of the techniques given below. 

 
 Technique Description Applicability 

Avoidance or reduction at source 

a. Process optimisation 

This is a group of process-related 

decisions (design and operational) that 

will lead to reduced  emissions to air 

being generated from the reaction, and 

thus less load to be addressed by the 

recovery systems downstream of the 

reaction section 

Generally applicable 

Recovery for reuse or recycling 

b. 

Hydrogenation of 

acetylene to enable HCl 

recovery 

HCl is generated in the EDC cracking 

reaction and recovered by distillation. 

Hydrogenation of the acetylene present in 

this HCl stream is required to enable 

recovery/recycling. 

Acetylene values after hydrogenation 

below 50 ppm are acceptable in order to 

reuse this stream in the reaction section 

Applicable to new units 

or major retrofits 

c. 
Recovery of HCl from 

liquid incinerators 
See BAT 144(3) 

Applicable to new units 

or major retrofits 
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d. 
Isolation and sale of 

chlorinated compounds  

Isolation/purification of these by-

products to meet certain specifications in 

order to sell them. In some plants, major 

by-products such as chloroethane and 

1,1,2-trichloroethane are recovered and 

sold or used as feedstock for other 

chlorinated hydrocarbon processes such 

as 1,1-dichloroethylene production. Some 

of the light and heavy fractions can be 

used as feedstock for other chlorination 

processes, but this option is declining due 

to the reduced production of chlorinated 

solvents 

Applicable to new units 

or major retrofits 

 

[This BAT conclusion is based on information given in Section 16.4.5.5, EDC Chapter] 
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18 CONCLUDING REMARKS AND RECOMMENDATIONS FOR 
FUTURE WORK  

 

 

18.1 Review of the information exchange 
 

18.1.1 Timing of the review process 
 

[Author: summarise the main milestones of the review process] 

 
Sources of information and information gaps 

 

[Author: summarise the sources of information and information gaps] 

 

18.1.2 Degree of consensus reached during the information exchange 
 

 

[Author: add a sentence indicating that [high][very high] degree of consensus was reached 

within TWG for the whole document] 

 

[Author: if any valid split views have been expressed and accepted, insert the following sentence 

and table] 

 

Table 18.1 shows the split views expressed by TWG members. 
 

Table 18.1 Split views 

BAT conclusion View expressed by Split view 

[Author: insert BAT 

conclusion No] 

[Author: list the 

organisation/delegations that 

support the view] 

[Author: add description of the 

split view; add as many lines 

as necessary] 

 

18.1.3 Consultation of the Forum and subsequent formal adoption 
procedure of the BAT Conclusions 

 

[Author: insert in this short section (no more than 10 lines) the outcome of adoption procedure 

indicating any issues that had to be resolved at that stage; please indicate: 

 the dates of 

o Forum meeting during which opinion on draft BREF was delivered 

o IED Article 75 Committee meeting during which vote on draft Commission 

Implementing Decision was held 

o formal adoption by the Commission of the BAT conclusions 

 the main outcome of the Forum and Committee in terms of resolved issues, with neither 

specifications nor positions of individual members.] 

 

18.2 Recommendations for future work 
 

[Author: insert here the Recommendations for future work] 

 

18.2.1 Suggested topics for future R&D work 
 

The Commission is launching and supporting, through its Research and Technological 

Development programmes, a series of projects dealing with clean technologies, emerging 

effluent treatment and recycling technologies and management strategies. Potentially, these 

projects could provide a useful contribution to future BREF reviews. Readers are therefore 
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invited to inform the European IPPC Bureau of any research results which are relevant to the 

scope of this document (see also the fifth section of the Preface of this document). 
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GLOSSARY  
 

2MBF  2-Methylbenzofuran 

 

ABS  Acrylonitrile butadiene styrene 

AMS  Alpha-methylstyrene 

AO  Alkylanthraquinone oxidation 

AOP  Advanced oxidation process 

AOX  Adsorbable organohalogens 

AQ  Alkylanthraquinone 

 

BAT  Best Available Techniques 

BOD  Biochemical oxygen demand 

BREF  BAT Reference Document 

BTX  Collective term for mixtures of benzene, toluene and xylene aromatics 

 

CCR  Continuous Catalytic Reformer 

CEFIC  The European Chemical Industry Council (Trade Body) 

CFC  Chlorofluorocarbons 

CHP  Cumene hydroperoxide 

CITEPA Centre Interprofessionel Technique de la Pollution Atmosphérique 

COD  Chemical oxygen demand 

 

DC  Direct chlorination 

DEA  Diethanolamine (2,2'-iminodiethanol) 

DEG  Diethylene glycol 

DMC  Dimethyl carbonate 

DMDS  Dimethyl disulphide 

DNT  Dinitro toluene 

DPC 

 

EA  Ethanolamine(s) 

EB  Ethylbenzene 

EBD  Ethylbenzene dehydrogenation 

EDC  Ethylene dichloride 

EG  Ethylene glycol 

EO  Ethylene oxide 

E-PRTR European Pollutant Release and Transfer Register 

ERP  Emission Relevant Parameter 

ETBE  Ethyl tert-butyl ether 

EU   European Union 

 

FA  Formaldehyde 

FCC  Fluid catalytic cracking 

FID  Flame ionisation detector 

 

GC  Gas chromatography 

 

HTC  High temperature chlorination 

 

IED  Industrial Emissions Directive 

IPA   Isopropyl alcohol 

 

LO  Lower olefins 

LTC  Low temperature chlorination 

 

MCB  Monochlorobenzene 
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MDA  Methylenediphenyl diamine 

MDI  Methylenediphenyl diisocyanate 

MEA  Monoethanolamine (2-aminoethanol) 

MEG  Mon ethylene glycol 

MHP  Methyl hydroperoxide 

MIBK  Methyl isobutyl ketone 

MTBE  Methyl tert-butyl ether 

 

NAFTA North American Free Trade Area 

NG  Natural Gas 

NMVOC Non methane volatile organic compound(s) 

 

o-DCB  Ortho dichlorobenzene 

OC  Oxychlorination 

 

PAHs Polycyclic aromatic hydrocarbons 

PCBs  Poly chlorinated biphenyls 

PEA  Poly-ethanolamine(s) 

PMDI  Polymeric MDI 

PMPPI  Polymeric polyphenyl isocyanate 

PO  Propylene oxide 

PRU  Phenol recovery unit 

PSA  Pressure swing absorber 

 

SCR  Selective catalytic reduction 

SM  Styrene monomer 

SNCR  Selective non catalytic reduction 

SRU  Sulphur recovery unit 

 

TDA  Toluene diamine 

TDI  Toluene diisocyanate 

TDP  Toluene disproportionation 

TEA  Triethanolamine (2,2',2"-nitrilotriethanol) 

TEG  Triethylene glycol 

 

UK  United Kingdom 

USEPA  United States Environmental Protection Agency 

 

VCM  Vinyl chloride monomer 

VOC  Volatile organic compound(s) 

 

WS  Working solution 
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