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Abstract 

 

The Best Available Techniques (BAT) Reference Document (BREF) for Common Waste Gas 

Management and Treatment Systems in the Chemical Sector is part of a series of documents 

presenting the results of an exchange of information between EU Member States, the industries 

concerned, non-governmental organisations promoting environmental protection, and the 

Commission, to draw up, review and ï where necessary ï update BAT reference documents as 

required by Article 13(1) of Industrial Emissions Directive 2010/75/EU. This document is 

published by the European Commission pursuant to Article 13(6) of the Industrial Emissions 

Directive 2010/75/EU. 

 

The BREF for Common Waste Gas Management and Treatment Systems in the Chemical 

Sector covers the management and treatment of channelled and diffuse emissions to air arising 

from a variety of sources associated with the chemical production processes listed in points 4.1 

to 4.6 of Annex I to the Industrial Emissions Directive 2010/75/EU. 

 

The BREF consists of six main chapters. General information of the chemical industry in 

Europe  (industrial and economic development, geographical distribution) and the relevant air 

pollutants emitted from the chemical sector are presented in Chapter 1. Chapter 2 gives an 

overview of the current emission levels related to channelled and diffuse air emissions  from the 

chemical production processes covered by the present BREF. Chapter 3 outlines the general 

techniques to be considered in the determination of BAT for reducing channelled and diffuse 

emissions to air (i.e. techniques  widely applied) in chemical production processes. Chapter 4 

presents the BAT conclusions as defined in Article 3(12) of the Industrial Emissions Directive 

(2010/75/EU), including BAT  that apply generally to the chemical sector covered by this BREF 

and, when appropriate, sector-specific BAT. Chapter 5 does not include any information on 

emerging techniques (no exchange of information took place on this topic). Concluding remarks 

and recommendations for future work are presented in Chapter 6. 
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PREFACE 
 

1. Status of this document 

 

Unless otherwise stated, references to óthe Directiveô 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 BAT reference document for Common Waste Gas Management and Treatment Systems in 

the Chemical Sector forms part of a series presenting the results of an exchange of information 

between EU Member States, the industries concerned, non-governmental organisations 

promoting environmental protection and the Commission, to draw up, review and, where 

necessary, update BAT reference documents as required by Article 13(1) of the Directive. This 

document is published by the European Commission pursuant to Article 13(6) of the Directive. 

 

As set out in Article 13(5) of the Directive, the Commission Implementing Decision 

2022/2427/EU on the BAT conclusions contained in Chapter 4 was adopted on 06/12/2022 and 

published on 12/12/20221. 

 

 

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 

 

Chapter 1 provides general information on the chemical industry in Europe and its 

environmental relevance for emissions to air as well as general information on waste gases and 

waste gas treatment systems used within the chemical industry. 

 

Chapter 2 provides data and information concerning the environmental performance of 

installations within the sector, and in operation at the time of writing, in terms of current 

emission levels. In particular, this chapter describes the main techniques used to reduce 

emissions to air and the associated emission levels. 

 

Chapter 3 describes in more detail the techniques to prevent or, where this is not practicable, to 

reduce emissions to air of operating installations in the chemical industry 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 

waste gas treatment techniques, the associated monitoring and the costs and the cross-media 

issues associated with the techniques. 

 

 

 

 

                                                      
1 OJ L 318, 12.12.2022, p. 157 
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Chapter 4 presents the BAT conclusions as defined in Article 3(12) of the Directive. 

 

Chapter 5 does not include any information on óemerging techniquesô as defined in 

Article 3(14) (no exchange of information took place on this topic). 

 

Concluding remarks and recommendations for future work are presented in Chapter 6. 

 

 

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 

Best Available Techniques (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 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 3. 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 

greatly 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. 
 

 

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. 
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SCOPE 
 

This BREF concerns the following activity specified in Annex I to Directive 2010/75/EU: 

4. Chemical industry (i.e. all production processes included in the categories of activities listed 

in points 4.1 to 4.6 of Annex I, unless specified otherwise). 

 

More specifically, this BREF focuses on emissions to air from the aforementioned activity. 

 

This BREF does not address the following: 

 

1. Emissions to air from the production of chlorine, hydrogen, and sodium/potassium 

hydroxide by the electrolysis of brine. This is covered by BREF for the Production of 

Chlor-alkali (CAK). 

 

2. Channelled emissions to air from the production of the following chemicals in continuous 

processes where the total production capacity of those chemicals exceeds 20 kt/yr: 

 

¶ lower olefins using the steam cracking process; 

¶ formaldehyde; 

¶ ethylene oxide and ethylene glycols; 

¶ phenol from cumene; 

¶ dinitrotoluene from toluene, toluene diamine from dinitrotoluene, toluene diisocyanate 

from toluene diamine, methylene diphenyl diamine from aniline, methylene diphenyl 

diisocyanate from methylene diphenyl diamine; 

¶ ethylene dichloride (EDC) and vinyl chloride monomer (VCM); 

¶ hydrogen peroxide. 

 

This is covered by the BREF for the Production of Large Volume Organic Chemicals (LVOC). 

 

However, channelled emissions to air of nitrogen oxides (NOX) and carbon monoxide (CO) 

from thermal treatment of waste gases (i.e. using thermal or catalytic oxidation) originating 

from the aforementioned production processes are included in the scope of this BREF. 

 

3. Emissions to air from the production of the following inorganic chemicals: 

 

¶ ammonia; 

¶ ammonium nitrate; 

¶ calcium carbide; 

¶ calcium chloride; 

¶ calcium ammonium nitrate; 

¶ calcium nitrate; 

¶ carbon black; 

¶ ferrous chloride; 

¶ ferrous sulphate (i.e. copperas and related products, such as chloro-sulphates); 

¶ hydrofluoric acid; 

¶ inorganic phosphates; 

¶ nitric acid; 

¶ nitrogen-, phosphorus- or potassium-based fertilisers (simple or compound fertilisers); 

¶ phosphoric acid; 
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¶ precipitated calcium carbonate; 

¶ sodium carbonate (i.e. soda ash); 

¶ sodium chlorate; 

¶ sodium silicate; 

¶ sulphuric acid; 

¶ synthetic amorphous silica; 

¶ titanium dioxide and related products; 

¶ urea; 

¶ urea-ammonium nitrate. 

 

This may be covered by the BREFs for the Production of Large Volume Inorganic Chemicals 

(LVIC). 

 

4. Emissions to air from steam reforming as well as from the physical purification and 

reconcentration of spent sulphuric acid provided that these processes are directly associated 

with a production process listed under the aforementioned points 2 or 3. 

 

5. Emissions to air from the production of magnesium oxide using the dry process route. This 

may be covered by the BREF for the Production of Cement, Lime and Magnesium Oxide 

(CLM). 

 

6. Emissions to air from the following: 

 

¶ Combustion units other than process furnaces/heaters. This may be covered by the BREF 

for Large Combustion Plants (LCP), the BREF for the Refining of Mineral Oil and Gas 

(REF) and/or by Directive (EU) 2015/2193 of the European Parliament and of the 

Council2. 

¶ Process furnaces/heaters with a total rated thermal input below 1 MW. 

¶ Process furnaces/heaters used in lower olefins, ethylene dichloride and/or vinyl chloride 

monomer production referred to in point 2 above. This is covered by the BREF for the 

production of Large Volume Organic Chemicals (LVOC). 

 

7. Channelled and diffuse emissions to air from waste incineration plants. This may be 

covered by the BREF for Waste Incineration (WI). 

 

8. Emissions to air from the storage, transfer and handling of liquids, liquefied gases and 

solids, where these are not directly associated with the activity specified in Annex I to 

Directive 2010/75/EU: 4. Chemical industry. This may be covered by the BREF for 

Emissions from Storage (EFS).  

 

However, emissions to air from the storage, transfer and handling of liquids, liquefied gases 

and solids are included in the scope of this BREF when these processes are directly 

associated with the chemical production processes specified in the scope of this BREF. 

 

9. Emissions to air from indirect cooling systems. This may be covered by the BREF for 

Industrial Cooling Systems (ICS). 

 

 

 

 

                                                      
2 Directive (EU) 2015/2193 of the European Parliament and of the Council of 25 November 2015 on the 

limitation of emissions of certain pollutants into the air from medium combustion plants (OJ L 313, 

28.11.2015, p. 1). 
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The BREF for Common Waste Water and Waste Gas Treatment/Management Systems in the 

Chemical Sector (CWW) is complementary for the activities covered by this BREF. 

 

Other reference documents which could be relevant for the activities covered by this BREF are 

the following: 

 

¶ Production of Chlor-alkali (CAK); 

¶ Manufacture of Large Volume Inorganic Chemicals ï Ammonia, Acids and Fertilisers 

(LVIC-AAF); 

¶ Manufacture of Large Volume Inorganic Chemicals ï Solids and Others 

Industry (LVIC-S); 

¶ Production of Large Volume Organic Chemicals (LVOC); 

¶ Manufacture of Organic Fine Chemicals (OFC); 

¶ Production of Polymers (POL); 

¶ Production of Speciality Inorganic Chemicals (SIC); 

¶ Refining of Mineral Oil and Gas (REF); 

¶ Economics and Cross-media Effects (ECM); 

¶ Emissions from Storage (EFS); 

¶ Energy Efficiency (ENE); 

¶ Industrial Cooling Systems (ICS); 

¶ Large Combustion Plants (LCP); 

¶ Monitoring of Emissions to Air and Water from IED installations (ROM); 

¶ Waste Incineration (WI); 

¶ Waste Treatment (WT). 

 

 

The scope of this 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 Industrial Emissions 

Directive (2010/75/EU). They are discussed only where they affect matters within the scope of 

the Industrial Emissions Directive (2010/75/EU). 
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1 GENERAL INFORMATION 
 

1.1 The chemical industry in Europe 
 

1.1.1 Industrial and economic development 
 

The EU chemical industry provides a significant contribution to the EU economy. It is one of its 

most international and competitive industries, connected to a wide field of processing and 

manufacturing activities. Its output covers a wide range of chemical products, and supplies 

virtually all sectors of the economy. Figure 1.1 shows that the EU-27 and United Kingdom 

chemical industry registered a significant trade surplus in the last decade, representing 

EUR 47.3 billion in 2016 (the production of pharmaceuticals is not included) [ 4, CEFIC 2018 ]. 

Including the production of pharmaceuticals, the EU trade surplus amounts to EUR 56.7 billion 

[ 27, Eurostat 2018 ]. 

 

 

 
(1) EU refers to EU-27 and UK. 

(2) Excluding pharmaceuticals.  

Source: [ 45, EIPPCB 2018 ] based on data from [ 4, CEFIC 2018 ] 

Figure 1.1: Extra -EU chemicals and related products trade balance 

 

 

Figure 1.2 shows that the chemical market in Europe and the United Kingdom grew 

continuously from 1996 to 2012 (and decreased by 8 % in 2016). In 2016, the total chemical 

sales (excluding pharmaceuticals) in the EU-27 and United Kingdom amounted to 

EUR 507 billion. With 15.1 % of the global sales in terms of value, the chemical industry in 

Europe and the United Kingdom ranks second, followed by the United States (14.2 %), but after 

China which holds the top ranking in sales (39.6 %) [ 4, CEFIC 2018 ]. 
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(1) EU refers to EU-27 and UK. 

(2) Excluding pharmaceuticals.  

Source: [ 45, EIPPCB 2018 ] based on data from [ 4, CEFIC 2018 ]   

Figure 1.2: EU share of global markets 
 

 

The chemical sector in the EU-27 and United Kingdom employed a total staff of about 1.14 

million people in 2016. This number has been relatively stable since 2010. Direct employment 

even increased slightly (+0.4 %) between 2015 and 2016 [ 4, CEFIC 2018 ].  
 

As shown in Figure 1.3, the production of organic chemicals accounts for the largest number of 

chemical installations, followed by the production of inorganic chemicals and pharmaceuticals. 
 
 

 
Source: [ 8, DG ENV 2015 ]  

Figure 1.3: EU-27 and UK: number of chemical installations by IED category 
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1.1.2 Geographic distribution 
 

Germany and France are the two largest chemical producers in Europe with regards to chemical 

sales, followed by Italy and the Netherlands. These four countries together accounted for 61.7 % 

of European chemical sales in 2016, valued at EUR 312.8 billion. 

 

The share rises to 82.6 %, or EUR 419 billion, when including Spain, the United Kingdom and 

Belgium. The remaining EU Member States accounted for 17.4 % of European chemical sales 

in 2016, valued at EUR 88 billion. Poland and Austria are the two largest contributors to that 

Member States bloc. 

 

 

 
(1) EU refers to EU-27 and UK. 

(2) Excluding pharmaceuticals.  

Source: [ 45, EIPPCB 2018 ] based on data from [ 4, CEFIC 2018 ]   

Figure 1.4: EU chemical industry sales by geographic breakdown 
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Germany has the largest number of chemical installations, followed by the UK, Italy, France 

and Spain. 

 

 

 
Source: [ 8, DG ENV 2015 ] 

Figure 1.5: Number of chemical installations in the 14 top producing countries 
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1.2 Environmental relevance of the chemical industry for 
emissions to air 

 

1.2.1 Key environmental issues 
 

At the eighth IED Article 13 Forum meeting, the European Commission proposed four criteria 

for defining key environmental issues (KEIs) [ 46, DG ENV 2015 ]:  

 

a. environmental relevance of pollution caused by the activity or process, i.e. whether 

it may cause an environmental problem; 

b. significance of activity (number of installations, geographical spread, contribution 

to total industrial emissions in Europe); 

c. potential of BREF review for identifying new or additional techniques that would 

further significantly reduce pollution; 

d. potential of BREF review for BAT-AELs that would significantly improve the level 

of environmental protection from current emission levels. 

 

Criteria c. and d. are not applicable to the WGC BREF as this is a new BREF and not the review 

of an existing document. 

 

For the WGC BREF, two additional criteria were considered in the definition of KEIs: 

¶ the availability of emission data; 

¶ the availability of standardised emission monitoring methods. 

 

KEI candidates were taken from various sources, such as substances covered by the European 

air quality standards, substances covered by the Stockholm Convention, greenhouse gases as 

listed in Annex II to Directive 2003/87/EC, ozone-depleting substances covered by Regulation 

(EC) No 1005/2009, substances covered by other chemical BREFs and substances proposed by 

members of the technical working group. 

 

The following substances/parameters were defined as KEIs for the WGC BREF 

[ 6, EIPPCB 2017 ]:  

 

¶ substances covered by the European air quality standards: benzene, carbon monoxide, 

dust, nitrogen oxides, lead and its compounds, nickel and its compounds and sulphur 

oxides; 

¶ substances covered by the Stockholm Convention: PCDD/F (dioxins and furans); 

¶ greenhouse gases: nitrous oxide; 

¶ ozone-depleting substances: tetrachloromethane; 

¶ volatile organic compounds (VOCs): 1,3butadiene, chloromethane, dichloromethane, 

ethylene dichloride, ethylene oxide, formaldehyde, propylene oxide, toluene, 

trichloromethane and vinyl chloride monomer; 

¶ other gases: ammonia, carbon disulphide, elemental chlorine, gaseous chlorides, gaseous 

fluorides, hydrogen sulphide and hydrogen cyanide. 

 

Most of the data presented in this section were taken from the European Pollutant Release and 

Transfer Register (E-PRTR) which covers large industrial installations. It also includes fugitive 

and non-fugitive emissions to air from industrial facilities [ 9, E-PRTR 2018 ].  

 

The E-PRTR contains annual data (releases to air, water and land as well as off-site transfers of 

waste and pollutants in waste water) reported by more than 30 000 industrial facilities, covering 

65 economic activities within 9 industrial sectors. The definition of the chemical industry in the 

E-PRTR is the same as in the Directive [ 25, EU 2010 ]. However, the E-PRTR only lists the 

main IED activity of each facility, so any other potential IED activities of the facility ï 



Chapter 1 

6 Waste Gas Management and Treatment Systems in the Chemical Sector 

including other chemical activities ï are not listed. Installations do not report their emissions to 

the E-PRTR if those emissions are below the E-PRTR reporting threshold.  

Out of the 21 571 facilities of the dataset referring to emissions to air from the EU-27 and 

United Kingdom plus Norway and Serbia in 2016, 1 437 reported chemical production as their 

main activity [ 9, E-PRTR, 2018 ]. Figure 1.6 gives an overview of emissions to air reported by 

those facilities. 

 

 

 
 

 
* PCDD + PCDF total quantity: 21 g I-TEQ/year. 

Source: [ 45, EIPPCB 2018 ] based on data from [ 9, E-PRTR 2018 ]  

Figure 1.6: Overview of emissions to air by chemical substances 

 

 

The range of reported quantities is extremely wide and depends on the substance, going from 

over one megatonne per year, e.g. in the case of nitrogen oxides and NMVOCs, to lower orders 

of magnitude between one kilotonne and one megatonne per year, e.g. in the case of benzene or 

chlorine and its inorganic compounds, or even lower down to a gram, e.g. in the case of dioxins 

and furans. 

 

The number of reporting facilities reporting chemical production as their main activity, ranging 

between 2 (for ethylene oxide) and 177 (for NMVOC), indicates that the E-PRTR reporting 

threshold is often not met by the chemical industry. 

 

The E-PRTR does not include all relevant pollutants listed in Annex II to the Directive 

[ 25, EU 2010 ], in particular some substances which have been proved to possess carcinogenic 

or mutagenic properties or properties which may be toxic for reproduction, e.g. formaldehyde or 

1,3-butadiene. However, information was made regionally available for some polluting 

substances (see Sections 1.2.6.2, 1.2.6.8 and 1.2.6.9). 
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1.2.2 European air quality standards substances 
 

Human health can be adversely affected by exposure to pollutants in ambient air. In response, 

the EU has developed an extensive body of legislation which establishes health-based standards 

and objectives for pollutants in ambient air: 

 

¶ Limit values for benzene, carbon monoxide, dusts as fine particles (PM2.5) or particulate 

matter (PM10), lead, nitrogen dioxide and sulphur dioxide. 

¶ Target values for arsenic, cadmium, nickel, ozone and polycyclic aromatic hydrocarbons 

(PAHs). Ground-level ozone (or tropospheric ozone) is typically not emitted directly by 

industrial processes, but rather formed by the effect of the sunlight on hydrocarbons and 

nitrogen oxides present in the air. Ozone formation is therefore controlled by reducing the 

emissions of hydrocarbons and nitrogen oxides. 

 

 

1.2.2.1 Nitrogen oxides (NOX) 
 

Emissions of nitrogen oxides to air by industrial sector are shown in Figure 1.7. In 2016, 

174 installations of the chemical industry emitted around 100 kilotonnes of nitrogen oxides to 

air, representing 5.4 % of the total amount of nitrogen oxides emitted to air by all installations 

covered by the E-PRTR. The largest share of nitrogen oxide emissions originated from the 

energy sector. Within the chemical industry, the production of basic organic chemicals was 

responsible for almost 60 % of all nitrogen oxide emissions. 

 

 

 
Source: [ 45, EIPPCB 2018 ] based on data from [ 9, E-PRTR 2018 ]   

Figure 1.7: Emissions of nitrogen oxides to air by industrial sector/activity in Europe 2016 (EU-27 

and UK) 

 

 

NOX emissions from all sources occurring in the territory of the Member States are also 

addressed by the emission reduction commitments established by Directive 2016/2284. 

 

 

1.2.2.2 Sulphur oxides (SOX) 
 

Emissions of sulphur oxides to air by industrial sector are shown in Figure 1.8. In 2016, 

81 installations of the chemical industry emitted around 65 kilotonnes of sulphur oxides to air, 

representing 3.8 % of the total amount of sulphur oxides emitted to air by all installations 
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covered by the E-PRTR. The largest share of sulphur oxide emissions originated from the 

energy sector. Within the chemical industry, the production of basic organic and inorganic 

chemicals were together responsible for approximately 95 % of all sulphur oxide emissions. 

 

 

 
Source: [ 45, EIPPCB 2018 ] based on data from [ 9, E-PRTR 2018 ]  

Figure 1.8: Emissions of sulphur oxides to air by industrial sector/activity 

 

SOX emissions from all sources occurring in the territory of the Member States are also 

addressed by the emission reduction commitments established by Directive 2016/2284. 

 

 

1.2.2.3 Dust (particulate matter) 
 

Emissions of particulate matter to air by industrial sector are shown in Figure 1.9. In 2016, 

28 installations of the chemical industry emitted around 4.6 kilotonnes of particulate matter to 

air, representing 5.3 % of the total amount of particulate matter emitted to air by all installations 

covered by the E-PRTR. The largest share of particulate matter emissions originated from the 

energy sector. Within the chemical industry, the production of NPK fertilisers was responsible 

for approximately 50 % of all particulate matter emissions. 
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Source: [ 45, EIPPCB 2018 ] based on data from [ 9, E-PRTR 2018 ]   

Figure 1.9: Emissions of particulate matter to air by industrial sector/activity 

 

Dust emissions from all sources occurring in the territory of the Member States are also 

addressed by the emission reduction commitments established by Directive 2016/2284. 

 

 

1.2.2.4 Carbon monoxide (CO) 
 

Emissions of carbon monoxide to air by industrial sector are shown in Figure 1.10. In 2016, 

38 installations of the chemical industry emitted around 127 kilotonnes of carbon monoxide to 

air, representing 4.3 % of the total amount of carbon monoxide emitted to air by all installations 

covered by the E-PRTR. The largest share of carbon monoxide emissions originated from the 

production and processing of metals. Within the chemical industry, the production of inorganic 

chemicals was responsible for approximately 70 % of all carbon monoxide emissions. 

 

 
Source: [ 45, EIPPCB 2018 ] based on data from [ 9, E-PRTR 2018 ]   

Figure 1.10: Emissions of carbon monoxide to air by industrial sector/activity 
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1.2.2.5 Benzene 
 

Emissions of benzene to air by industrial sector are shown in Figure 1.11. In 2016, 

32 installations of the chemical industry emitted around 672 tonnes of benzene to air, 

representing 22.4 % of the total amount of benzene emitted to air by all installations covered by 

the E-PRTR. The largest share of benzene emissions originated from the energy sector. Within 

the chemical industry, the production of organic and inorganic chemicals was responsible for 

approximately 99 % of all benzene emissions. 

 

 

 
Source: [ 45, EIPPCB 2018 ] based on data from [ 9, E-PRTR 2018 ]   

Figure 1.11: Emissions of benzene to air by industrial sector/activity  

 

 

1.2.2.6 Lead and its compounds (as Pb) 
 

Emissions of lead and its compounds to air by industrial sector are shown in Figure 1.12. In 

2016, 3 installations of the chemical industry emitted around 5 kilotonnes of lead and its 

compounds to air, representing 1.8 % of the total amount of lead and its compounds emitted to 

air by all installations covered by the E-PRTR. The largest share of emissions of lead and its 

compounds originated from the sector of production and processing of metals. Within the 

chemical industry, the production of organic chemicals was responsible for approximately 80 % 

of the emissions of lead and its compounds. 
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Source: [ 45, EIPPCB 2018 ] based on data from [ 9, E-PRTR 2018 ]   

Figure 1.12: Emissions of lead and its compounds to air by industrial sector/activity 

 

 

1.2.2.7 Nickel and its compounds (as Ni) 
 

Emissions of nickel and its compounds to air by industrial sector are shown in Figure 1.13. In 

2016, 10 installations of the chemical industry emitted around 2.7 tonnes of nickel and its 

compounds to air, representing 1.8 % of the total amount of nickel and its compounds emitted to 

air by all installations covered by the E-PRTR. The largest share of emissions of nickel and its 

compounds originated from the energy sector. Within the chemical industry, the production of 

organic and inorganic chemicals was responsible for approximately 80 % of the emissions of 

nickel and its compounds. 

 

 

 
Source: [ 45, EIPPCB 2018 ] based on data from [ 9, E-PRTR 2018 ]  

Figure 1.13: Emissions of nickel and its compounds to air by industrial sector/activity 
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1.2.3 Stockholm Convention substances 
 

Under the Stockholm Convention on Persistent Organic Pollutants, Parties shall promote in 

some cases, and require in others, the use of best available techniques as well as the application 

of best environmental practices. 

 

Parties must take measures to reduce unintentional releases of chemicals listed under Annex C 

with the goal of continuing minimisation and, where feasible, ultimate elimination of targeted 

chemicals. These include polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated 

dibenzofurans (PCDFs), polychlorinated biphenyls (PCBs) and dioxin-like PCBs among other 

chemicals. 

 

Emissions to air of Stockholm Convention substances are outside the scope of this document 

except for PCDD/F. 

 

 

1.2.3.1 PCDD/F (dioxins and furans) 
 

Emissions of PCDD/F to air by industrial sector are shown in Figure 1.14. In 2016, 

8 installations of the chemical industry emitted around 21 g TEQ of PCDD/F to air, representing 

1.5 % of the total amount of PCDD/F emitted to air by all installations covered by the E-PRTR. 

The largest share of PCDD/F emissions originated from the sector of energy and from 

production and processing of metals. Within the chemical industry, the production of organic 

chemicals was responsible for more than 99 % of the emissions of PCDD/F. 

 

 

 
Source: [ 45, EIPPCB 2018 ] based on data from [ 9, E-PRTR 2018 ]  

Figure 1.14: Emissions of PCDD/F to air by industrial sector/activity 

 

 

1.2.4 Greenhouse gases 
 

According to Article 9(1) of the Directive [ 25, EU 2010 ], the permit shall not include an 

emission limit value for direct emissions of greenhouse gas originating from activities listed in 

Annex I to Directive 2003/87/EC (greenhouse gas emission allowance trading scheme). 

Consequently, BAT-AELs may not be set for the following activities in this document as 

regards greenhouse gas emissions:  

 

¶ the production of adipic acid, glyoxal and glyoxylic acid; 
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¶ the production of bulk organic chemicals by cracking, reforming partial or full oxidation 

or by similar processes with a production capacity exceeding 100 tonnes per day; 

¶ the production of hydrogen and synthesis gas by reforming or partial oxidation with a 

production capacity exceeding 25 tonnes per day. 

 

Substances listed as greenhouse gases in Directive 2003/87/EC, other than nitrous oxide, are 

outside the scope of this document [ 6, EIPPCB 2017 ].  

 

 

1.2.4.1 Nitrous oxide (N2O) 
 

Emissions of nitrous oxide to air by industrial sector are shown in Figure 1.15. In 2016, 

80 installations of the chemical industry emitted around 20 kilotonnes of nitrous oxide to air, 

representing 43 % of the total amount of nitrous oxide emitted to air by all installations covered 

by the E-PRTR. The largest share of nitrous oxide emissions originated from the chemical 

industry. A major part of these emissions is outside the scope of this document (e.g. the 

production of NPK fertilisers). Within the chemical industry, the production of organic 

chemicals and the production NPK fertilisers were responsible for more than 80 % of nitrous 

oxide emissions. 

 

 

 
Source: [ 45, EIPPCB 2018 ] based on data from [ 9, E-PRTR 2018 ]  

Figure 1.15: Emissions of nitrous oxide to air by industrial sector/activity 

 

 

1.2.5 Ozone-depleting substances 
 

Ozone-depleting substances are controlled by Regulation (EC) No 1005/2009. The Regulation 

contains two derogations that are relevant for the WGC BREF: the use of controlled substances 

as feedstock for chemical processes (Article 7) and as process agents (Article 8). Controlled 

substances were produced in 2015 almost exclusively for feedstock use inside the EU or as an 

unintended by-product, which is subsequently destroyed. Unlike the other ozone depleting 

substances, tetrachloromethane remains an important issue, globally and in the EU, and was 

included in the data collection. 
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1.2.5.1 Tetrachloromethane (CCl4) 
 

Emissions of tetrachloromethane to air by industrial sector are shown in Figure 1.16. In 2016, 

11 installations of the chemical industry emitted around 20 tonnes of tetrachloromethane to air, 

representing 96.5 % of the total amount of tetrachloromethane emitted to air by all installations 

covered by the E-PRTR. The largest share of tetrachloromethane emissions originated from the 

chemical industry. Within the chemical industry, the production of organic chemicals was 

responsible for more than 90 % of tetrachloromethane emissions. 

 

 

 
Source: [ 45, EIPPCB 2018 ] based on data from [ 9, E-PRTR 2018 ]  

Figure 1.16: Emissions of tetrachloromethane to air by industrial sector/activity 

 

 

1.2.6 Other organic substances 
 

1.2.6.1 Volatile organic compounds (VOCs) 
 

Emissions of volatile organic compounds to air by industrial sector are shown in Figure 1.17. In 

2016, 177 installations of the chemical industry sector emitted around 72 kilotonnes of volatile 

organic compounds to air, representing 16.7 % of the total amount of volatile organic 

compounds emitted to air by all installations covered by the E-PRTR (where the reporting 

threshold for NMVOC is 100 t/yr). Half of the emissions of volatile organic compounds 

originated from the energy sector and the chemical industry. Within the chemical industry, the 

production of organic chemicals and the production of pharmaceuticals were responsible for 

more than 85 % of volatile organic compounds emissions. 
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Source: [ 45, EIPPCB 2018 ] based on data from [ 9, E-PRTR 2018 ]   

Figure 1.17: Emissions of volatile organic compounds to air by industrial sector/activity 

 

 

1.2.6.2 Formaldehyde 
 

Formaldehyde is not in included in the list of E-PRTR pollutants, but is included in Annex II to 

the Directive [ 25, EU 2010 ] because of its carcinogenic properties [ 10, ECHA 2019 ]. 

 

Formaldehyde is one of the organic substances most frequently measured in Germany 

[ 37, UBA 2016 ]. Emissions to air are measured in the production of organic chemicals, and 

more particularly, the production of plastic materials.  

 

Formaldehyde emissions are also reported from industrial sites, including chemical installations, 

in Belgium [ 29, FluxSense 2010 ] [28, FluxSense 2016 ]: 

 

¶ Port of Antwerp (21 sites): 61 kg formaldehyde/h; 

¶ Zwijndrecht (7 sites): 5 kg formaldehyde/h. 

 

The data indicate that emissions of this substance seemed to be in a similar range to CMR 

substances reported in the E-PRTR such as benzene (see Section 1.2.2.5) and ethylene oxide 

(see Section 1.2.6.7). 

 

 

1.2.6.3 Vinyl chloride 
 

Emissions of vinyl chloride to air by industrial sector are shown in Figure 1.18. In 2016, 

31 installations of the chemical industry emitted around 500 tonnes of vinyl chloride to air, 

representing 94.8 % of the total amount of vinyl chloride emitted to air by all installations 

covered by the E-PRTR. The largest share of vinyl chloride emissions originated from the 

chemical industry. Within the chemical industry, the production of organic chemicals was 

responsible for more than 90 % of vinyl chloride emissions. 
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Source: [ 45, EIPPCB 2018 ] based on data from [ 9, E-PRTR 2018 ]   

Figure 1.18: Emissions of vinyl chloride to air by industrial sector/activity 

 

 

1.2.6.4 Ethylene dichloride (EDC) 
 

Emissions of ethylene dichloride to air by industrial sector are shown in Figure 1.19. In 2016, 

21 installations of the chemical industry emitted around 365 tonnes of ethylene dichloride to air, 

representing 48.6 % of the total amount of ethylene dichloride emitted to air by all installations 

covered by the E-PRTR. Almost half of ethylene dichloride emissions originated from the 

chemical industry. Within the chemical industry, the production of organic chemicals was 

responsible for more than 95 % of ethylene dichloride emissions. 

 

 

 
Source: [ 45, EIPPCB 2018 ] based on data from [ 9, E-PRTR 2018 ]   

Figure 1.19: Emissions of ethylene dichloride to air by industrial sector/activity  

 

 

 

 



Chapter 1 

Waste Gas Management and Treatment Systems in the Chemical Sector 17 

1.2.6.5 Dichloromethane (DCM) 
 

Emissions of dichloromethane to air by industrial sector are shown in Figure 1.20. In 2016, 

78 installations of the chemical industry emitted around 2.8 tonnes of dichloromethane to air, 

representing 92 % of the total amount of dichloromethane emitted to air by all installations 

covered by the E-PRTR. The largest share of dichloromethane emissions originated from the 

chemical industry. Within the chemical industry, the production of pharmaceuticals was 

responsible for 65 % of dichloromethane emissions. 

 

 

 
Source: [ 45, EIPPCB 2018 ] based on data from [ 9, E-PRTR 2018 ]  

Figure 1.20: Emissions of dichloromethane to air by industrial sector/activity 

 

 

1.2.6.6 Trichloromethane 
 

Emissions of trichloromethane to air by industrial sector are shown in Figure 1.21. In 2016, 

20 installations of the chemical industry emitted around 120 tonnes of trichloromethane to air, 

representing 86.4 % of the total amount of trichloromethane emitted to air by all installations 

covered by the E-PRTR. The largest share of trichloromethane emissions originated from the 

chemical industry. Within the chemical industry, the production of organic chemicals was 

responsible for 70 % of trichloromethane emissions. 
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Source: [ 45, EIPPCB 2018 ] based on data from [ 9, E-PRTR 2018 ]  

Figure 1.21: Emissions of trichloromethane to air by industrial sector/activity 

 

 

1.2.6.7 Ethylene oxide 
 

Emissions of ethylene oxide to air by industrial sector are shown in Figure 1.22. In 2016, 

two installations of the chemical industry emitted around 23 tonnes of ethylene oxide to air, 

representing 93.3 % of the total amount of ethylene oxide emitted to air by all installations 

covered by the E-PRTR. Those two installations belong to the sector of organic chemicals 

production. 

 

Ethylene oxide is one of the organic substances most frequently measured in Germany 

[ 37, UBA 2016 ]. The reported data show that, after waste gas treatment, the measured ethylene 

oxide emissions to air are far below the E-PRTR threshold of 1 000 kg/year. All reported 

measurements of emissions to air of were carried out in the sectors of organic chemicals and 

production of plastic materials.  
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Source: [ 45, EIPPCB 2018 ] based on data from [ 9, E-PRTR 2018 ] 

Figure 1.22: Emissions of ethylene oxide to air by industrial sector/activity 

 

 

1.2.6.8 Toluene 
 

Toluene is not in included in the list of E-PRTR pollutants. 

 

Toluene is one of the organic substances most frequently measured in Germany, 

[ 37, UBA 2016 ]. All  reported measurements of emissions to air of were carried out in the 

sector of organic chemicals. Toluene is used in the manufacture of chemicals and as a solvent 

[ 34, Kirk-Othmer 2014 ].  

 

 

1.2.6.9 1,3-Butadiene 
 

1,3-Butadiene is not in included in the list of E-PRTR pollutants, but is included in Annex II to 

the Directive [ 25, EU 2010 ] because of its carcinogenic and mutagenic properties 

[ 11, ECHA 2019 ].  

 

France [ 30, FR 2017 ] reported emissions of 75.5 tonnes of 1,3-butadiene in 2015 from the 

eight French chemical facilities for which emissions were above the French declaration 

threshold of 15 tonnes/year.  

 

The data indicate that the emissions of 1,3-butadiene and the emissions of other CMR 

substances reported in the E-PRTR like benzene (see Section 1.2.2.5) and ethylene oxide (see 

Section 1.2.6.7) seem to be in a similar range. 

 

 

1.2.7 Other gases 
 

1.2.7.1 Ammonia (NH3) 
 

Emissions of ammonia to air by industrial sector are shown in Figure 1.23. In 2016, 

90 installations of the chemical industry emitted around 21 kilotonnes of ammonia to air, 

representing 9.7 % of the total amount of ammonia emitted to air by all installations covered by 
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the E-PRTR. The largest share of ammonia emissions originated from intensive livestock 

production and aquaculture. An important part of these emissions is outside the scope of this 

document (e.g. the production of NPK fertilisers). Within the chemical industry, the production 

of organic chemicals and the production of NPK fertilisers were responsible for more than 90 % 

of ammonia emissions. 

 

 

 
Source: [ 45, EIPPCB 2018 ] based on data from [ 9, E-PRTR 2018 ]  

Figure 1.23: Emissions of ammonia to air by industrial sector/activity  

 

Ammonia emissions from all sources occurring in the territory of the Member States are also 

addressed by the emission reduction commitments established by Directive 2016/2284. 

 

 

1.2.7.2 Gaseous chlorides 
 

Emissions of gaseous chlorides to air by industrial sector are shown in Figure 1.24. In 2016, 

13 installations of the chemical industry emitted around 600 tonnes of gaseous chlorides to air, 

representing 2.6 % of the total amount of gaseous chlorides emitted to air by all installations 

covered by the E-PRTR. The largest share of gaseous chlorides emissions originated from the 

energy sector. Within the chemical industry, the production of organic chemicals was 

responsible for more than 70 % of gaseous chlorides emissions. 
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Source: [ 45, EIPPCB 2018 ] based on data from [ 9, E-PRTR 2018 ]  

Figure 1.24: Emissions of gaseous chlorides to air by industrial sector/activity 

 

 

1.2.7.3 Gaseous fluorides 
 

Emissions of gaseous fluorides to air by industrial sector are shown in Figure 1.25. In 2016, 

8 installations of the chemical industry emitted around 128 tonnes of gaseous fluorides to air, 

representing 3.2 % of the total amount of gaseous fluorides emitted to air by all installations 

covered by the E-PRTR. The largest share of gaseous fluorides emissions originated from the 

energy sector. Within the chemical industry, the production of inorganic chemicals was 

responsible for almost 80 % of gaseous fluorides emissions. 

 

 

 
Source: [ 45, EIPPCB 2018 ] based on data from [ 9, E-PRTR 2018 ]  

Figure 1.25: Emissions of gaseous fluorides to air by industrial sector/activity 

 

 

1.2.7.4 Hydrogen cyanide (HCN) 
 

Emissions of hydrogen cyanide to air by industrial sector are shown in Figure 1.26. In 2016, 

11 installations of the chemical industry emitted around 38 tonnes of hydrogen cyanide to air, 

representing 19.7 % of the total amount of hydrogen cyanide emitted to air by all installations 
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covered by the E-PRTR. The largest share of hydrogen cyanide emissions originated from the 

energy sector. Within the chemical industry, the production of organic chemicals was 

responsible for almost 80 % of hydrogen cyanide emissions. 

 

 

 
Source: [ 45, EIPPCB 2018 ] based on data from [ 9, E-PRTR 2018 ]   

Figure 1.26: Emissions of hydrogen cyanide to air by industrial sector/activity 
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1.3 Waste gas in the chemical industry 
 

The characteristics and scale of emissions from chemical plants are highly variable. Emissions 

may depend on factors such as raw material composition, product type, nature of intermediates, 

use of auxiliary materials, process operating conditions, type of process-integrated techniques to 

prevent or reduce emissions and type of end-of-pipe treatment. 

 

Waste gas streams can be roughly divided into ducted (channelled) and non-ducted (diffuse) 

emissions. Capturing diffuse emissions and subsequent treatment can often be carried out in 

order to minimise pollution. 

 

Emissions to air in the chemical industry include the following: 

 

¶ Channelled emissions, such as: 

o process emissions released through a vent pipe by process equipment and inherent 

to the running of the plant; 

o flue-gases from energy-providing units, such as process furnaces, steam boilers, 

combined heat and power units, gas turbines and gas engines; 

o waste gases from emission control equipment, such as filters, incinerators/oxidisers 

or adsorbers, likely to contain unabated pollutants or pollutants generated in the 

abatement system; 

o tail gases from reaction vessels and condensers; 

o waste gases from catalyst or solvent regeneration; 

o waste gases from vents, storage and handling (transfers, loading and unloading) of 

products, raw materials and intermediates; 

o exhaust air from vents or captured diffuse emissions, e.g. sources of diffuse 

emissions installed within an enclosure or a building. 

 

¶ Diffuse emissions arising from point, linear, surface or volume sources [ 3, CEFIC 

2000 ], such as:  

o process emissions from the process equipment inherent in running the plant, 

released from a large surface or through openings e.g. ᾶworking lossesᾷ and 

ᾶbreathing lossesᾷ, when not captured and channelled); 

o non-channelled emissions from storage equipment and during handling operations 

(e.g. the filling of drums, trucks or containers); 

o non-routine emissions resulting from other than normal operating conditions 

(OTNOC) including emissions during start-up or shutdown and during 

maintenance; 

o secondary emissions resulting from the handling or disposal of waste (e.g. volatile 

material from sewers, waste water handling facilities or cooling water); 

o fugitive emissions, typically due to equipment leaks from pumps and compressors, 

seals, valves, flanges, connectors and other piping items, or other equipment such 

as drain or vent plugs or seals. 

 

As far as diffuse emissions are concerned, the objective of waste gas management is generally 

their prevention and/or minimisation. 

 

Some Member States (e.g. Belgium, France and Germany) have implemented more specific 

measures in their general binding rules for diffuse emissions. These measures include the 

following for example: 

 

¶ Periodic monitoring (monitoring campaigns), quantification of diffuse emissions and 

application of a leak detection and repair programme (LDAR). The frequency 
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requirements may vary depending on the type of chemical activity, the hazardous 

properties and the quantity of VOCs emitted. 

¶ A quality assurance system (product certification, assembly procedures, staff training, 

etc.). 

 

Depending on the chemical sector, the share of diffuse emissions in the total emissions may be 

significantly higher than the share of channelled emissions. France reported that 83 % of total 

NMVOC emissions3 in 2015 were diffuse emissions, for the 10 operators of chemical sector 

facilities reporting the highest levels of NMVOC emissions in the French pollutant release 

register [ 31, FR 2017 ]. France also reported, from calculations based on the data collection, 

that the proportion of diffuse and channelled emissions can be estimated at 86 % for diffuse 

emissions and 14 % for channelled emissions [ 54, FR 2019 ]. The share of diffuse emissions 

may be even higher for specific substances like benzene, for which diffuse emissions accounted 

for 91 % of the total emissions in 2015, or even 1,3-butadiene for which 100 % of the emissions 

were diffuse. 

 

An evaluation of total VOC emissions carried out by the Flemish competent authority of 

Belgium [ 35, Lucht et al. 2014 ] shows that the total VOC emissions in Flanders had been 

reduced by 67 % in 2012 since the implementation of LDAR programmes according to the 

Flemish general binding rules.  

 

 

 

 

 

                                                      
3 NMVOC emissions from the ten main French contributors of the chemical sector. 
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1.4 Waste gas treatment technology 
 

1.4.1 Overview 
 

The number of different sources of emissions, the variety of the contaminants, their physical 

state (liquid, gaseous or solid) and their load make the implementation of a system of techniques 

to prevent, control and/or reduce emissions inevitable. The system is designed according to the 

complexity of the production and based on management decisions. Such a system consists of: 

 

¶ process-integrated techniques (see Section 1.4.2); 

¶ end-of-pipe treatment (individual and/or central facilities, see Section 1.4.3). 

 

 

1.4.2 Process-integrated techniques 
 

Advanced environmental protection is shifting more and more from end-of-pipe techniques (see 

Section 1.4.3) to process-integrated or production-integrated techniques. Process-integrated 

techniques are a source of significant environmental improvement in both new and existing 

plants. They are intended to reduce, or even prevent, the production of residues directly at the 

source before they become a discharge. Often these ᾶprocess improvementsᾷ help decrease the 

cost of additional treatment measures, as well as increase the economic efficiency by increasing 

production yield and/or decreasing raw material input including water usage. Disposal costs and 

the limitations of end-of-pipe treatment can influence this shift toward process-integrated 

techniques. Although the prevention of waste gas, and thus the implementation of process-

integrated techniques, is becoming increasingly significant, waste gas treatment techniques will 

remain essential contributors to the control of emissions into the environment, mainly when 

process-integrated techniques are not feasible for existing production plants. 

 

Proper process-integrated environmental protection uses all possible physical, chemical, 

biological and engineering techniques for the prevention, reduction and recycling of residues. 

This includes for example: 

 

¶ creation of new synthesis pathways; 

¶ use of purer or even different feedstocks and process agents; 

¶ use of purer or different fuels; 

¶ optimisation of process steps; 

¶ improvement of plant technology, process control and reaction sequence; 

¶ technical adaptations to the process; 

¶ improvement of the use of catalysts and/or solvents; 

¶ recycling of auxiliaries (e.g. washing water, inert gases, solvents, and catalysts); 

¶ immediate recycling of residues during the process; 

¶ use of residues as raw materials for other production processes (product integration on-or 

off-site); 

¶ use of residues for energy generation. 

 

Obviously, the development and implementation of completely new pathways for syntheses in 

existing plants will remain an exception, mostly for economic reasons, and will therefore be 

mostly carried out in processes used to manufacture bulk products or products of high economic 

value. In practice, production-integrated environmental protection will progress continuously as 

the sum of many individual, and possibly small, improvements over time. 
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Though, strictly speaking, process-integrated techniques for the reduction of the pollutant 

discharge via waste gas are part of the scope of the other chemical BREFs they are nevertheless 

mentioned in this document as long as they are generally applicable in chemical production 

processes and when they refer to certain polymer production processes (see Section 3.5). They 

are in any case elements of good management practice and worthy of consideration when 

implementing an environmental management system, including a waste gas management system 

for channelled emissions to air and a management system for diffuse emissions. 

 

 

1.4.3 End-of-pipe techniques 
 

Because it is not always possible to prevent pollution at the source, end-of-pipe techniques are 

those that treat the waste streams arising from a process, a storage unit or an area to reduce its 

pollutant content. 

 

Waste gas treatment techniques in general are involved in the reduction of: 

 

¶ particulate matter; 

¶ vapours of volatile liquid substances; 

¶ gaseous air contaminants; 

¶ odour. 

 

Waste gas treatment normally takes place directly at the source. Only rarely can waste gas 

streams with different characteristics be treated simultaneously in one central treatment unit. 

One main reason is that treatment units are normally specifically designed for a particular waste 

gas composition. Another important reason is that special attention must be paid to the release 

of toxic and hazardous compounds and their impact on the surroundings as well as on the safety 

of the plant. In the chemical industry, safety is a crucial issue given the toxicity and/or 

hazardous characteristics of many compounds and the generally large volumes that are handled 

and processed. Moreover, facilities needed to transport waste gases through a whole site require 

significant investments and can be technically challenging. 
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A selection of techniques by working principles, pollutant and waste gas volume flow rate is 

given in Table 1.1. 

 

 
Table 1.1: Working principles/techniques, pollutant and waste gas volume flow rate 
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Volume 

flow rate 

(Nm3/h) 

Reference 

Absorption 

(Scrubbing) 
+ X X X X X X X 1-400 000 See Section 3.3.2.1 

Adsorption  X X X  X X  1-300 000 See Section 3.3.2.2 

Bioprocesses  X X     X 
100-

500 000 

See Sections 

3.5.1.3.1 and 

3.5.1.3.2 in the 

CWW BREF 

Cold oxidation  X X      
20-

200 000 

See Sections 

3.5.1.3.7 and 

3.5.1.3.8 in the 

CWW BREF 

Condensation  X X X     1-100 000 See Section 3.3.2.5 

Dust 

scrubbing 
X + X + +  + + 

720-

170 000 
See Section 3.3.2.1 

Electrostatic 

precipitation 
X        

900-

800 000 
See Section 3.3.2.7 

Filtration X        
2-

5 000 000 

See Sections 3.3.2.8, 

3.3.2.9 and 3.3.2.10 

Gravitational 

separation 
X        5-300 000 See Section 3.3.2.6 

Membrane 

Separation 
 X       < 3 000 

See Section 3.5.1.2.1 

in the CWW BREF 

Reduction      X   
1 500-

50 000 

See Sections 3.3.2.16 

and 3.3.2.17 

Catalytic or 

thermal 

oxidation 

+ X  +    X 
100-

150 000 

See Sections 3.3.2.14 

and 3.3.2.15 

NB: If a techniqueôs primary goal is not the removal of a specific pollutant, but this pollutant is (partly) removed by 

the technique, this is indicated by a ó+ô. 

Source: [ 13, COM 2016 ] [ 43, TWG 2021 ] 

 

 

1.4.4 Cross-media effects of waste gas treatments and their 
interdependencies 

 

Because of fundamental conservation laws, most treatment technologies can have, in addition to 

their purging abilities, negative impacts on the environment. Examples of these cross-media 

effects are waste generated by filters (see Sections 3.3.2.8, 3.3.2.9 and 3.3.2.10) and waste water 

generated by scrubbers (see Section 3.3.2.1). Waste gas oxidation (see in particular 

Sections 3.3.2.14 and 3.3.2.15) discharges a flue-gas containing gaseous contaminants that were 

not present in the original input and might require further waste gas treatment. This is briefly 

reviewed in Table 1.2. 

 



Chapter 1 

28 Waste Gas Management and Treatment Systems in the Chemical Sector 

Other relevant points of concern are the energy consumption, the sludge generation and the 

water consumption, the latter being an essential issue under certain climatic conditions. 

 

A life cycle assessment according to EN 14040 may assist the implementation of an integrated 

waste gas management and treatment strategy and the selection of waste gas treatment 

techniques. An example was provided by the plant DE_290.  

 

 
Table 1.2: Potential effect of waste gas treatment facilities on the environment 

Environmental 

medium 
Potential effect/emission 

Air  

¶ In principle (and primarily), significant reduction of contaminant 

emissions. 

¶ However, VOCs can be converted into flue-gas contaminants, such as 

carbon oxides, hydrogen halides, sulphur dioxide, nitrogen oxides or 

dioxins, in the case of thermal and catalytic oxidation. 

Water 

¶ Absorption (scrubbing) transfers contaminants from the air to the water 

medium. 

¶ However, some treatment techniques (e.g. scrubbing, water-run 

condensation) increase water consumption and waste water generation. 

Waste 

¶ Generation of sludge from secondary treatment of waste water, initially 

originating from waste gas treatment. 

¶ Generation of residues from waste gas treatment facilities (e.g. separated 

solids, condensed liquid not recycled, spent adsorbent, spent catalyst). 

Other 

¶ Waste gas treatment facilities normally consume energy. 

¶ Consumption of auxiliary chemicals (e.g. ammonia for selective 

non-catalytic reduction (SNCR), alkaline agents for scrubbing 

solutions). 

 

 

In addition to waste gas treatment systems, a large number of safety facilities can be found in 

the chemical industry. The main purpose of these facilities is to reduce the environmental 

impact and/or increase the safety of the plant operation. 
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2 CURRENT EMISSION LEVELS 
 

2.1 General information on the chemical sector 
 

2.1.1 Overview 
 

This chapter summarises the installation-specific data gathered during the data collection carried 

out over the course of the BREF drawing-up process (see schedule in Table 6.1). 

 

Figure 2.1 gives an overview of the share of chemical installations in the EU-27 and United 

Kingdom by categories of activities listed in points 4.1 to 4.6 of Annex I to the IED compared 

to the share of questionnaires in the data collection by same chemical activity. Please note that 

to cover all relevant emission points, some installations required filling out additional 

questionnaires. 
 

 

 
Source: [ 8, DG ENV 2015 ] and [ 43, TWG 2021 ]   

Figure 2.1: Share of IED installations in EU-27 and UK by IED chemical activity versus share of 

questionnaires by IED chemical activity  

 

 

The data collection for the WGC BREF focused on the following information using a 

standardised questionnaire: 
 

¶ Identification and description of the plant: 

o plant name, company name, country and city; 

o start of operation (year), substantial changes having a significant effect on 

emissions to air; 

o description of the waste gas treatment system. 

¶ Channelled emissions to air (emission points): 

o category of IED activity, type of product, type of process, process operating time, 

range of production capacity; 

o number of associated process furnaces/heaters; 

o other information such as external treatment of channelled emissions. 

¶ Channelled emissions to air and associated waste gas treatment systems: 

o monitored substances; 
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o type of monitoring (periodic or continuous); 

o waste gas treatment techniques applied (possibility to report up to five techniques 

including the case when no waste gas treatment is applied); 

o information on emissions to air after the final treatment, including measured 

concentrations and contextual information on the measurement(s); 

o information on the hazardous properties of groups of substances monitored, such as 

dust and TVOC. 

¶ Waste gas treatments techniques, e.g. absorption, filtration, thermal oxidation: 

o substance(s) removed by the technique, removal efficiency; 

o information on the type of equipment; 

o waste gas properties, such as volume flow and temperature; 

o operational information, such as energy consumption and other consumables. 

¶ Information on waste gases when no treatment technique is applied. 

¶ Particular polymer production: polyolefins, PVC, solution-polymerised rubbers, viscose: 

o type of product; 

o type of process; 

o process-integrated techniques; 

o recovery techniques; 

o specific loads. 

¶ Process furnaces/heaters: 

o type of product; 

o type of process furnace/heater, e.g. combustion scenario and primary techniques to 

prevent emissions; 

o operational information, e.g. type of fuel, total rated input and process temperature. 

¶ Diffuse emissions to air: 

o contextual information around the monitoring of diffuse emissions to air; 

o annual quantities of diffuse emissions to air. 

¶ Fugitive emissions to air: 

o information on the monitoring of fugitive emissions to air, such as monitoring 

criteria, methods to prevent, estimate, calculate or measure fugitive emissions; 

o information on the application of a leak detection and repair (LDAR) programme; 

o annual quantities of fugitive emissions to air. 

¶ Non-fugitive emissions to air: 

o information on the type of equipment monitored; 

o information on monitoring methods; 

o annual quantities of non-fugitive emissions to air. 

¶ Information on the use of a solvent management plan. 
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Figure 2.2 gives an overview of the share of questionnaires in the data collection compared to 

the IED chemical installations (for all chemical activities) per country. 

 

 

 
Source: [ 8, DG ENV 2015 ] and [ 43, TWG 2021 ]   

Figure 2.2: Share of IED chemical installations in EU-27 and UK versus share of questionnaires 

 

 

The total number of questionnaires received was 784. Of these 784, a total of 443 contained 

confidential business information. 

 

Figure 2.3 shows the number of questionnaires for the versions containing non-confidential 

business information (non-CBI versions), or submitted by email to the EIPPCB for the versions 

containing confidential business information (CBI versions).  

 

 

 
Source: [ 43, TWG 2021 ]  

Figure 2.3: Number of questionnaires submitted by country 
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Figure 2.4 gives an overview of the number of IED chemical companies by country. The total 

number of companies that provided a non-CBI questionnaire is 353 and the total number of 

companies that provided a CBI version is 268. 

 

 

 
NB: The number of companies per Member State are estimated using the company name provided in the 

questionnaires. Therefore, the number of companies may be overestimated if the questionnaires provided a            

non-unique company name. 

Source: [ 43, TWG 2021 ]  

Figure 2.4: Number of companies by country 

 

 

2.1.2 Total emissions to air 
 

Waste gas streams can roughly be divided into ducted (channelled) and non-ducted (diffuse) 

emissions. In practice, only ducted emissions can be treated. As far as diffuse emissions are 

concerned, the objective of waste gas management is to prevent or minimise them, or to capture 

them and carry out subsequent treatment. 

 

According to the data collection, the share of diffuse emissions is significantly higher than the 

share of channelled emissions. This is the case, for example, for volatile organic substances 

monitored as TVOC (83.1 %), for CMR substances such as 1,3-butadiene (99.5 %) and benzene 

(90.6 %). However, the data collection also shows high variability in the range of reported 

diffuse emissions due to the complexity and diversity of the chemical plants. 

 

 

2.1.2.1 Channelled emissions to air 
 

Figure 2.5 gives an overview of the number of channelled emission points reported in the 

questionnaires per main IED chemical activity. The total number sums up to 2 911 channelled 

emission points. The data collection covers all IED chemical activities. However, according to 

the scope of this BREF, there are fewer questionnaires in the case of the production of inorganic 

acids (IED category 4.1a), bases (IED category 4.2b) and no questionnaire at all in the case of 

fertilisers (IED category 4.3). For some emission points, the main IED chemical activity was not 

specified: those emission points do not appear on the graph. 
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Source: [ 43, TWG 2021 ]   

Figure 2.5: Number of channelled emission points reported by IED category 

 

 

Channelled emission points are mainly monitored periodically as show in Figure 2.6: 

 

¶ total number of emission points where periodic monitoring is applied: 2 812; 

¶ total number of emission points where continuous monitoring is applied: 192. 

¶ When several substances/parameters are monitored at the same emission point, both 

periodic and continuous monitoring are sometimes applied depending on the 

substance/parameter. 

¶ A total of 226 emission points reported monitoring substances/parameters that are not 

considered key environmental issues (KEIs) for this BREF. Those emission points do not 

appear in the graphs presented in this section. 

 

 

 
Source: [ 43, TWG 2021 ]  

Figure 2.6: Number of emission points where periodic or continuous monitoring is applied by IED 

category 

 

 

 

Figure 2.7 gives an overview of the annual production capacity ranges associated with the 

emission points reported in the data collection, depending on the type of monitoring applied 

(periodic or continuous). 
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Source: [ 43, TWG 2021 ]  

Figure 2.7: Production capacity ranges 

 

 

2.1.2.2 Diffuse emissions to air 
 

For the purpose of the data collection on diffuse emissions, the term ᾶunitᾷ was defined as an 

installation, or a part thereof, for which diffuse emissions are monitored, as required by the IED 

permit or any other national regulation or standard (e.g. if the permit requires the monitoring of 

diffuse emissions from a tank farm or a particular production unit, this tank farm or production 

unit can be considered as a unit regarding diffuse emissions). 

 

In this chapter, and more particularly in Sections 2.4, 2.4.2.1, 2.6 and 2.7, the term ᾶunitᾷ shall 

have the abovementioned meaning. 

 

Figure 2.8 gives an overview of the number of units for which diffuse emissions were collected 

per main IED chemical activity (covered by Section 4 of Annex I to the IED). The total number 

sums up to 643 units. 

 

 

 
Source: [ 43, TWG 2021 ]  

Figure 2.8: Number of units reported for diffuse emissions by IED category 

 

Figure 2.9 gives an overview of the number of units for which fugitive and non-fugitive 

emissions were collected per main IED chemical activity. The total number sums up to 430 

(fugitive) and 239 (non-fugitive). 
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Source: [ 43, TWG 2021 ]  

Figure 2.9: Number of units reported for fugitive and non-fugitive emissions by IED category 
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2.2 Main techniques to reduce channelled emissions to air 
 

The waste gas treatment working principles/techniques generally reported in the data collection 

are shown in Table 2.1. 

 

 
Table 2.1: Waste gas treatment working principles/techniques 

Working principle/technique Share of total number of EP 

Absorption 26.0 % 

Adsorption 4.1 % 

Bioprocess 0.3 % 

Condensation 5.0 % 

Dust scrubbing 3.6 % 

Electrostatic precipitation 0.5 % 

Filtration 26.1 % 

Gravitational separation 3.6 % 

Membrane separation 0.0 % (1) 

Reduction (SCR or SNCR) 0.8 % 

Thermal treatment 9.8 % 

No waste gas treatment 20.1 % 
(1) The use of membrane separation was reported in one questionnaire for one emission point. 

Source: [ 43, TWG 2021 ]  

 

 

For each working principle/technique applied, a specific type could be reported in the 

questionnaire. Table 2.2 shows the most reported waste gas treatment techniques in the data 

collection. 

 

 
Table 2.2: Most reported waste gas treatment techniques 

Technique No of emission points 

Packed-bed scrubber 392 

Spray tower 154 

Fixed bed adsorber 95 

Condenser 129 

Cryogenic condensation 34 

Wet dust scrubber 66 

Venturi scrubber 22 

Absolute filter (HEPA) 65 

Fabric filter / Bag filter 777 

High-efficiency air filter (HEAF) 127 

Cyclone 150 

Catalytic oxidiser 47 

Recuperative thermal oxidiser 35 

Regenerative thermal oxidiser 42 

Straight thermal oxidiser 112 

Source: [ 43, TWG 2021 ]   
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The complete waste gas treatment system is usually a combination of the above-mentioned 

individual waste gas treatment techniques. For example, the waste gas treatment technique that 

is most commonly used to reduce emissions to air of organic compounds is the straight thermal 

oxidiser. Absorption, adsorption and condensation may be used to increase resource efficiency 

and to reduce the load of organic compounds sent to the straight thermal oxidiser. In order to 

reduce emissions to air of inorganic compounds (e.g. NOX, SOX) and PCCD/F, additional 

techniques may be applied. 
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2.3 Channelled emissions to air 
 

2.3.1 General 
 

The following sections present data reported for the pollutants identified as KEIs 

(e.g. monitoring, removal efficiency, concentration and mass flows of emitted pollutants). The 

graphs contained in this section exclusively refer to channelled emissions to air reported in the 

data collection for the WGC BREF. Data were gathered from the last three monitoring 

campaigns between the reference years 2008 and 2018. However, the majority of the data was 

reported for the years 2015, 2016 and 2017. 
 

In general, the concentrations and the mass flows presented in the graphs from this section are 

given as average values, obtained as described in Annex 7.1. 

 

It should be underlined that, although the data collection covered emissions from EPs linked to 

a chemical activity in the scope of the WGC BREF, the diversity and the complexity of the 

plantsô characteristics (e.g. in terms of layout, type of process (continuous vs batch), type of 

technique applied or absence of waste gas treatment techniques) did not allow a precise 

differentiation between minor and major contributors to channelled emissions. Therefore, for 

each KEI addressed in the following specific sections, the reference mass flow value used to 

filter the data shown in the graphs should be considered as an óexample valueô to guide the 

reader towards a possible distinction between major and minor emission types. 
 

 

2.3.2 Organic substances 
 

2.3.2.1 Total volatile organic carbon (TVOC) 
 

Data for TVOC and NMVOC were collected. The data collected shows that concentrations of 

NMVOC and concentrations of TVOC are in the same ranges. In particular, there is generally 

no indication that concentrations of NMVOC significantly differ from concentrations of TVOC. 

Thus, the remainder of this document does not differentiate between TVOC and NMVOC. 
 

 

 Sectors 
 

TVOC is typically emitted by a range of different chemical sectors as shown in the bar chart of 

Figure 2.10. 
 

 

 
NB: 186 operators reported TVOC emissions from 978 emission points (via 373 questionnaires). 

Source: [ 43, TWG 2021 ]   

Figure 2.10: Number of emission points for TVOC emissions to air by IED category 
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 Treated emissions 
 

TVOC is generally treated with at least one waste gas treatment technique. The typical emission 

levels of TVOC after waste gas treatment are shown as concentration and mass flow in the 

scatter plot of Figure 2.11. 
 

The techniques most commonly applied, alone or in combination, in waste gas treatment 

systems of chemical plants are: 
 

¶ absorption; 

¶ adsorption; 

¶ bioprocess; 

¶ condensation; 

¶ thermal or catalytic oxidation. 

 

 

 
NB: 131 operators reported TVOC emissions from 471 emission points, applying the common waste gas treatment 

techniques listed above. For better visualisation, only emission points with concentrations in the range of 

0-100 mg TVOC/Nm3 and mass flows in the range of 0-5 000 g TVOC/h are represented in the scatter plot. 

112 emission points are outside both ranges (up to 72 000 mg TVOC/Nm3 and up to 180 kg TVOC/h). 

Source: [ 43, TWG 2021 ]   

Figure 2.11: TVOC emissions after waste gas treatment 
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 Untreated emissions 

 

The typical emission levels of TVOC when no waste gas treatment is applied are shown, in 

concentration and mass flow, in the scatter plot of Figure 2.12. 

 

 

 
NB: 64 operators reported TVOC emissions from 240 emission points, without any prior waste gas treatment. For 

better visualisation, only emission points with concentrations in the range of 0-100 mg TVOC/Nm3 and mass flows in 

the range of 0-4 000 g TVOC/h are represented in the scatter plot. 

82 emission points are outside both ranges (up to 718 000 mg TVOC/Nm3 and up to 185 kg TVOC/h). 

Source: [ 43, TWG 2021 ]   

Figure 2.12: TVOC emission points with no waste gas treatment 

 

 
 Monitoring 

 

Periodic monitoring is more common than continuous monitoring: 1 758 instances of periodic 

monitoring and 117 of continuous monitoring were reported. Typical frequencies for the 

periodic monitoring of channelled TVOC emissions are shown in the bar chart of Figure 2.13. 

 

 

 
Source: [ 43, TWG 2021 ]   

Figure 2.13: Reported measurement frequencies for periodic TVOC monitoring 
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Percentiles of reported limits of quantification and limits of detection for TVOC measurements 

are shown in Table 2.3. 
 
 

Table 2.3: Reported limits of quantification and detection for TVOC 

Percentile Limit of quantification (mg/Nm3) Limit of detection (mg/Nm3) 

20th 0.5 0.2 

50th 1.0 0.5 

80th 3.0 1.6 
NB: The numbers of instances reported for the limits of quantification and detection are 495 and 516, respectively. 

Source: [ 43, TWG 2021 ]   
 

 

2.3.2.2 Total volatile organic carbon (TVOC) containing substances 
classified as CMR 1A or 1B 

 

 Sectors 
 

TVOC containing substances classified as CMR 1A or 1B are typically emitted by chemical 

sectors as shown in the bar chart of Figure 2.14. 
 

 

 
NB: 57 operators reported TVOC emissions, indicating the presence of substances classified as CMR 1A or 1B for 

178 emission points (via 77 questionnaires). 

Source: [ 43, TWG 2021 ]  

Figure 2.14: Number of emission points for TVOC emissions containing substances classified as 

CMR 1A or 1B by IED category 
 

 

 Emissions 
 

TVOC containing substances classified as CMR 1A or 1B is generally treated with at least one 

waste gas treatment technique. The typical emission levels of TVOC containing substances 

classified as CMR 1A or 1B after waste gas treatment are shown as concentration and mass 

flow in the scatter plot of Figure 2.15. 
 

The techniques most commonly applied, alone or in combination, in waste gas treatment 

systems of chemical plants are: 
 

¶ absorption; 

¶ adsorption; 

¶ bioprocess; 

¶ condensation; 

¶ thermal or catalytic oxidation. 
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NB: 42 operators reported TVOC emissions from 91 emission points (via 55 questionnaires), applying the common 

waste gas treatment techniques listed above. For better visualisation, only emission points with concentrations in the 

range of 0-100 mg TVOC/Nm3 and mass flows in the range of 0-5 000 g TVOC/h are represented in the scatter plot. 

32 emission points are outside both ranges (up to 71 000 mg TVOC/Nm3 and up to 26 kg TVOC/h). 

Source: [ 43, TWG 2021 ]   

Figure 2.15: Emissions of TVOC containing substances classified as CMR 1A or 1B after waste gas 

treatment 

 

 
 Monitoring 

 

Periodic monitoring is more common than continuous monitoring: 422 instances of periodic 

monitoring and 25 of continuous monitoring were reported. Typical frequencies for the 

monitoring of channelled emissions of TVOC containing substances classified as CMR 1A or 

1B are shown in the bar chart of Figure 2.16. 

 

 

 
Source: [ 43, TWG 2021 ]    

Figure 2.16: Reported measurement frequencies for periodic monitoring of TVOC containing 

substances classified as CMR 1A or 1B 
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Percentiles of reported limits of quantification and limits of detection for TVOC containing 

substances classified as CMR 1A or 1B are shown in Table 2.4. 
 

 

Table 2.4: Reported limits of quantification and detection for TVOC containing substances 

classified as CMR 1A or 1B 

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm3) 

20th 0.6 0.2 

50th 1.6 1.0 

80th 3.3 3.0 
NB: The numbers of instances reported for the limits of quantification and detection are 137 and 152, respectively. 

Source: [ 43, TWG 2021 ]   
 

 

2.3.2.3 Total volatile organic carbon (TVOC) containing substances 
classified as CMR 2 

 

 Sectors 
 

TVOC containing substances classified as CMR 2 is typically emitted by a range of different 

chemical sectors as shown in the bar chart of Figure 2.17. 
 

 

 
NB: 52 operators reported TVOC emissions, indicating the presence of substances classified as CMR 2, from 120 

emission points (via 64 questionnaires).  

Source: [ 43, TWG 2021 ]   

Figure 2.17: Number of emission points for TVOC containing substances classified as CMR 2 by 

IED category 
 

 

 Emissions 
 

TVOC containing substances classified as CMR 2 is generally treated with at least one waste 

gas treatment technique. The typical emission levels of TVOC containing substances classified 

as CMR 2 after waste gas treatment are shown as concentration and mass flow in the scatter plot 

of Figure 2.18. 
 

The techniques most commonly applied, alone or in combination, in waste gas treatment 

systems of chemical plants are the following: 
 

¶ absorption; 

¶ adsorption; 

¶ bioprocess; 

¶ condensation; 

¶ thermal or catalytic oxidation. 
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NB: 38 operators reported TVOC emissions from 97 emission points (via 45 questionnaires), applying the common 

waste gas treatment techniques listed above. For better visualisation, only emission points with concentrations in the 

range of 0-100 mg TVOC/Nm3 are represented in the scatter plot. 

17 emission points are outside this range (up to 45 000 mg TVOC/Nm3). 

Source: [ 43, TWG 2021 ]  

Figure 2.18: Emissions of TVOC containing substances classified as CMR 2 after waste gas 

treatment 

 

 
 Monitoring 

 

Periodic monitoring is more common than continuous monitoring: 254 instances of periodic 

monitoring and 24 of continuous monitoring were reported. Typical frequencies for the 

monitoring of channelled emissions of TVOC containing substances classified as CMR 2 are 

shown in the bar chart of Figure 2.19. 

 

 

 
Source: [ 43, TWG 2021 ]   

Figure 2.19: Reported measurement frequencies for periodic monitoring of TVOC containing 

substances classified as CMR 2 
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Percentiles for reported limits of quantification and limits of detection for TVOC containing 

substances classified as CMR 2 are shown in Table 2.5. 

 

 
Table 2.5: Reported limits of quantification and detection for TVOC containing substances 

classified as CMR 2 

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm3) 

20th 0.3 0.2 

50th 0.7 0.3 

80th 1.0 1.0 
NB: The numbers of instances reported for the limits of quantification and detection are 70 and 93, respectively. 

Source: [ 43, TWG 2021 ]   

 

 

2.3.2.4 Benzene 
 

 Sectors 

 

Benzene is typically emitted by a range of different chemical sectors as shown in the bar chart 

of Figure 2.20. 

 

 

 
NB: 34 operators reported benzene emissions from 90 emission points (by 49 questionnaires). 

Source: [ 43, TWG 2021 ]   

Figure 2.20: Number of emission points for benzene by IED category 

 

 
 Treated emissions 

 

Benzene is generally treated with at least one waste gas treatment technique. The typical 

emission levels of benzene after waste gas treatment are shown as concentration and mass flow 

in the scatter plot of Figure 2.21. 

 

The techniques most commonly applied, alone or in combination, in waste gas treatment 

systems of chemical plants are the following: 

 

¶ absorption; 

¶ adsorption; 

¶ bioprocess; 

¶ condensation; 

¶ thermal or catalytic oxidation. 
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NB: 30 operators reported benzene emissions from 47 emission points (via 30 questionnaires) in the data collection, 

applying the common waste gas treatment techniques listed above. For better visualisation, only emission points with 

concentrations in the range of 0-6 mg C6H6/Nm3 are represented in the scatter plot. 4 emission points are outside this 

range (up to 317 mg C6H6/Nm3). 

Source: [ 43, TWG 2021 ]   

Figure 2.21: Benzene emissions after waste gas treatment 

 

 
 Untreated emissions 

 

The typical emission levels of benzene when no waste gas treatment is applied are shown as 

concentration and mass flow in the scatter plot of Figure 2.22. 

 

 

 
NB: 6 operators reported benzene emissions from 13 emission points (via 6 questionnaires), without any prior waste 

gas treatment.  

Source: [ 43, TWG 2021 ]   

Figure 2.22: Benzene emission points with no waste gas treatment technique 

 

 
 Monitoring 

 

Periodic monitoring is more common than continuous monitoring: 173 instances of periodic 

monitoring and 3 of continuous monitoring were reported. Typical frequencies for the 

monitoring of channelled benzene emissions are shown in the bar chart of Figure 2.23. 
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Source: [ 43, TWG 2021 ]  

Figure 2.23: Reported measurement frequencies for periodic benzene monitoring 

 

 

Percentiles for reported limits of quantification and limits of detection for benzene 

measurements are shown in Table 2.6. 

 

 
Table 2.6: Reported limits of quantification and detection for benzene 

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm3) 

20th 0.01 0.03 

50th 0.05 0.05 

80th 0.50 0.16 
NB: The numbers of instances reported for the limits of quantification and detection are 92 and 73, respectively. 

Source: [ 43, TWG 2021 ]  

 

 

2.3.2.5 1,3-Butadiene 
 

 Sectors 

 

1,3-Butadiene is typically emitted by a range of different chemical sectors as shown in the bar 

chart of Figure 2.24. 

 

 

 
NB: 11 operators reported 1,3-butadiene emissions from 20 emission points (via 15 questionnaires). 

Source: [ 43, TWG 2021 ]  

Figure 2.24: Number of emission of points for 1,3-butadiene by IED category 
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 Treated emissions 

 

1,3-Butadiene is generally treated with at least one waste gas treatment technique. The typical 

emission levels of 1,3-butadiene after waste gas treatment are shown as concentration and mass 

flow in the scatter plot of Figure 2.25. 

 

The techniques most commonly applied, alone or in combination, in waste gas treatment 

systems of chemical plants are the following: 

 

¶ absorption; 

¶ adsorption; 

¶ bioprocess; 

¶ condensation; 

¶ thermal or catalytic oxidation. 

 

 

 
NB: 7 operators reported 1,3-butadiene emissions from 14 emission points (by 11 questionnaires) in the data 

collection, applying the common waste gas treatment techniques listed above. 

Source: [ 43, TWG 2021 ]   

Figure 2.25: 1,3-Butadiene emissions after waste gas treatment 
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 Untreated emissions 

 

The typical emission levels of 1,3-butadiene when no waste gas treatment is applied are shown 

as concentration and mass flow in the scatter plot of Figure 2.26. 

 

 

 
NB: 3 operators reported 1,3-butadiene emissions from 3 emission points (via 3 questionnaires), without any prior 

waste gas treatment.  

Source: [ 43, TWG 2021 ]  

Figure 2.26: 1,3-Butadiene emission points with no waste gas treatment technique 

 

 
 Monitoring 

 

Only periodic monitoring was reported (45 instances). Typical frequencies for the monitoring of 

channelled 1,3-butadiene emissions are shown in the bar chart of Figure 2.27. 

 

 

 
Source: [ 43, TWG 2021 ]   

Figure 2.27: Reported measurement frequencies for periodic 1,3-butadiene monitoring 
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Percentiles for reported limits of quantification and limits of detection for 1,3-butadiene 

measurements are shown in Table 2.7. 

 

 
Table 2.7: Reported limits of quantification and detection for 1,3-butadiene 

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm3) 

20th 0.05 0.05 

50th 0.07 0.06 

80th 0.50 0.10 
NB: The numbers of instances reported for the limits of quantification and detection are 19 and 26, respectively. 

Source: [ 43, TWG 2021 ]   

 

 

2.3.2.6 Chloromethane 
 

 Sectors 

 

Chloromethane is typically emitted by a range of different chemical sectors as shown in the bar 

chart of Figure 2.28. 

 

 

 
NB: 17 operators reported chloromethane emissions from 33 emission points (via 18 questionnaires). 

Source: [ 43, TWG 2021 ]  

Figure 2.28: Number of emission points for chloromethane by IED category 

 

 
 Treated emissions 

 

Chloromethane is generally treated with at least one waste gas treatment technique. The typical 

emission levels of chloromethane after waste gas treatment are shown as concentration and 

mass flow in the scatter plot of Figure 2.29. 

 

The techniques most commonly applied, alone or in combination, in waste gas treatment 

systems of chemical plants are the following: 

 

¶ absorption; 

¶ adsorption; 

¶ bioprocess; 

¶ condensation; 

¶ thermal or catalytic oxidation. 
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NB: 12 operators reported chloromethane emissions from 18 emission points (via 13 questionnaires), applying the 

common waste gas treatment techniques listed above. For better visualisation, only emission points with 

concentrations in the range of 0-100 mg CH3Cl/Nm3 are represented in the scatter plot. 3 emission points are outside 

this range (up to 2 700 mg CH3Cl/Nm3). 

Source: [ 43, TWG 2021 ]   

Figure 2.29: Chloromethane emissions after waste gas treatment 

 

 
 Untreated emissions 

 

The typical emission levels of chloromethane when no waste gas treatment is applied are shown 

as concentration and mass flow in the scatter plot of Figure 2.30. 

 

 

 
NB: 2 operators reported chloromethane emissions from 2 emission points (via 2 questionnaires), without any prior 

waste gas treatment.  

Source: [ 43, TWG 2021 ]  

Figure 2.30: Chloromethane emission points with no waste gas treatment technique 
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 Monitoring 

 

Periodic monitoring is more common than continuous monitoring: 66 instances of periodic 

monitoring and 3 of continuous monitoring were reported. Typical frequencies for the 

monitoring of channelled chloromethane emissions are shown in the bar chart of Figure 2.31. 

 

 

 
Source: [ 43, TWG 2021 ]   

Figure 2.31: Reported measurement frequencies for periodic chloromethane monitoring 

 

 

Percentiles for reported limits of quantification and limits of detection for chloromethane 

measurements are shown in Table 2.8. 

 

 
Table 2.8: Reported limits of quantification and detection for chloromethane 

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm3) 

20th 0.1 0.04 

50th 10.0 2.2 

80th 45.0 15.0 
NB: The numbers of instances reported for the limits of quantification and detection are 29 and 28, respectively. 

Source: [ 43, TWG 2021 ]  
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2.3.2.7 Dichloromethane 
 

 Sectors 

 

Dichloromethane is typically emitted by a range of different chemical sectors as shown in the 

bar chart of Figure 2.32. 

 

 

 
NB: 30 operators reported dichloromethane emissions from 64 emission points (by 36 questionnaires). 

Source: [ 43, TWG 2021 ]   

Figure 2.32: Number of emission points for dichloromethane by IED category 

 

 
 Treated emissions 

 

Dichloromethane is generally treated with at least one waste gas treatment technique. The 

typical emission levels of dichloromethane after waste gas treatment are shown as concentration 

and mass flow in the scatter plot of Figure 2.33. 

 

The techniques most commonly applied, alone or in combination, in waste gas treatment 

systems of chemical plants are the following: 

 

¶ absorption; 

¶ adsorption; 

¶ condensation; 

¶ thermal or catalytic oxidation. 
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NB: 23 operators reported dichloromethane emissions from 34 emission points (via 26 questionnaires), applying the 

common waste gas treatment techniques listed above. For better visualisation, only emission points with 

concentrations in the range of 0-100 mg CH2Cl2/Nm3 are represented in the scatter plot. 3 emission points are outside 

this range (up to 900 mg CH2Cl2/Nm3).  

Source: [ 43, TWG 2021 ]  

Figure 2.33: Dichloromethane emissions after waste gas treatment  

 

 
 Untreated emissions 

 

The typical emission levels of dichloromethane when no waste gas treatment is applied are 

shown as concentration and mass flow in the scatter plot of Figure 2.34. 

 

 

 
NB: 3 operators reported dichloromethane emissions from 7 emission points (via 4 questionnaires), without any prior 

waste gas treatment.  

Source: [ 43, TWG 2021 ]  

Figure 2.34: Dichloromethane emission points with no waste gas treatment technique 
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 Monitoring 

 

Only periodic monitoring was reported (143 instances). Typical frequencies for the monitoring 

of channelled dichloromethane emissions are shown in the bar chart of Figure 2.35. 

 

 

 
Source: [ 43, TWG 2021 ]   

Figure 2.35: Reported measurement frequencies for periodic dichloromethane monitoring 

 

 

Percentiles for reported limits of quantification and limits of detection for dichloromethane 

measurements are shown in Table 2.9. 

 

 
Table 2.9: Reported limits of quantification and detection for dichloromethane 

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm3) 

20th 0.05 0.02 

50th 1.0 0.1 

80th 2.0 0.2 
NB: The numbers of instances reported for the limits of quantification and detection are 50 and 26, respectively. 

Source: [ 43, TWG 2021 ]   
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2.3.2.8 Ethylene dichloride 
 

 Sectors 

 

Ethylene dichloride is typically emitted by a range of different chemical sectors as shown in the 

bar chart of Figure 2.36. 

 

 

 
NB: 8 operators reported ethylene dichloride emissions from 11 emission points (via 8 questionnaires). 

Source: [ 43, TWG 2021 ]    

Figure 2.36: Number of emission points for ethylene dichloride by IED category 

 

 
 Treated emissions 

 

Ethylene dichloride is generally treated with at least one waste gas treatment technique. The 

typical emission levels of ethylene dichloride after waste gas treatment are shown as 

concentration and mass flow in the scatter plot of Figure 2.37. 

 

The techniques most commonly applied, alone or in combination, in waste gas treatment 

systems of chemical plants are the following: 

 

¶ adsorption; 

¶ condensation; 

¶ thermal or catalytic oxidation. 
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NB: 3 operators reported ethylene dichloride emissions from 4 emission points (via 3 questionnaires), applying the 

common waste gas treatment techniques listed above. 

Source: [ 43, TWG 2021 ]   

Figure 2.37: Ethylene dichloride emissions after waste gas treatment 

 

 
 Untreated emissions 

 

The typical emission levels of ethylene dichloride when no waste gas treatment is applied are 

shown as concentration and mass flow in the scatter plot of Figure 2.38. 

 

 

 
NB: 2 operators reported ethylene dichloride emissions from 2 emission points (via 2 questionnaires), without any 

prior waste gas treatment.  

Source: [ 43, TWG 2021 ]   

Figure 2.38: Ethylene dichloride emission points with no waste gas treatment technique 
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 Monitoring 

 

Only periodic monitoring was reported (24 instances). Typical frequencies for the monitoring of 

channelled ethylene dichloride emissions are shown in the bar chart of Figure 2.39. 

 

 

 
Source: [ 43, TWG 2021 ]   

Figure 2.39: Reported measurement frequencies for periodic ethylene dichloride monitoring  

 

 

Percentiles for reported limits of quantification and limits of detection for ethylene dichloride 

measurements are shown in Table 2.10. 

 

 
Table 2.10: Reported limits of quantification and detection for ethylene dichloride 

Percentile Limit of quantification (mg/Nm3) Limit of detection (mg/Nm3) 

20th 0.07 0.02 

50th 0.10 0.07 

80th 0.83 0.23 
NB: The numbers of instances reported for the limits of quantification and detection are 11 and 8, respectively. 

Source: [ 43, TWG 2021 ]   
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2.3.2.9 Ethylene oxide 
 

 Sectors 

 

Ethylene oxide is typically emitted by a range of different chemical sectors as shown in the bar 

chart of Figure 2.40. 

 

 

 
NB: 18 operators reported ethylene oxide emissions from 36 emission points (via 20 questionnaires). 

Source: [ 43, TWG 2021 ]   

Figure 2.40: Number of emission points for ethylene oxide by IED category 

 

 
 Treated emissions 

 

Ethylene oxide is generally treated with at least one waste gas treatment technique. The typical 

emission levels of ethylene oxide after waste gas treatment are shown as concentration and mass 

flow in the scatter plot of Figure 2.41. 

 

The techniques most commonly applied, alone or in combination, in waste gas treatment 

systems of chemical plants are the following: 

 

¶ absorption; 

¶ condensation; 

¶ thermal or catalytic oxidation. 
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NB: 17 operators reported ethylene oxide emissions from 24 emission points (via 17 questionnaires), applying the 

common waste gas treatment techniques listed above. For better visualisation, only emission points with 

concentrations in the range of 0-15 mg C2H4O/Nm3 are represented in the scatter plot. 1 emission point is outside this 

range (and up to 110 mg C2H4O/Nm3). 

Source: [ 43, TWG 2021 ]  

Figure 2.41: Ethylene oxide emissions after waste gas treatment 

 

 
 Untreated emissions 

 

The typical emission levels of ethylene oxide when no waste gas treatment is applied are shown 

as concentration and mass flow in the scatter plot of Figure 2.42. 

 

 

 
NB: 1 operator reported ethylene oxide from 8 emission points (via 1 questionnaire), without any prior waste gas 

treatment.  

Source: [ 43, TWG 2021 ]   

Figure 2.42: Ethylene oxide emission points with no waste gas treatment technique 
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 Monitoring 

 

Periodic monitoring is more common than continuous monitoring: 79 instances of periodic 

monitoring and 3 of continuous monitoring were reported. Typical frequencies for the 

monitoring of channelled ethylene oxide emissions are shown in the bar chart of Figure 2.43. 

 

 

 
Source: [ 43, TWG 2021 ]    

Figure 2.43: Reported measurement frequencies for periodic ethylene oxide monitoring  

 

 

Percentiles for reported limits of quantification and limits of detection for ethylene oxide 

measurements are shown in Table 2.11. 
 

 

Table 2.11: Reported limits of quantification and detection for ethylene oxide 

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm3) 

20th 0.02 0.02 

50th 0.08 0.10 

80th 0.50 0.35 
NB: The numbers of instances reported for the limits of quantification and detection are 10 and 19, respectively. 

Source: [ 43, TWG 2021 ]  
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2.3.2.10 Formaldehyde 
 

 Sectors 

 

Formaldehyde is typically emitted by a range of different chemical sectors as shown in the bar 

chart of Figure 2.44. 

 

 

 
NB: 26 operators reported formaldehyde emissions from 65 emission points (via 34 questionnaires). 

Source: [ 43, TWG 2021 ]  

Figure 2.44: Number of emission points for formaldehyde by IED category 

 

 
 Treated emissions 

 

Formaldehyde is generally treated with at least one waste gas treatment technique. The typical 

emission levels of formaldehyde after waste gas treatment are shown as concentration and mass 

flow in the scatter plot of Figure 2.45. 

 

The techniques most commonly applied, alone or in combination, in waste gas treatment 

systems of chemical plants are the following: 

 

¶ absorption; 

¶ adsorption; 

¶ bioprocess; 

¶ condensation; 

¶ thermal or catalytic oxidation. 
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NB: 17 operators reported formaldehyde emissions from 26 emission points (via 20 questionnaires), applying the 

common waste gas treatment techniques listed above. 

Source: [ 43, TWG 2021 ]   

Figure 2.45: Formaldehyde emissions after waste gas treatment 

 

 
 Untreated emissions 

 

The typical emission levels of formaldehyde when no waste gas treatment is applied are shown 

as concentration and mass flow in the scatter plot of Figure 2.46. 

 

 

 
NB: 5 operators reported formaldehyde emissions from 10 emission points (via 5 questionnaires), without any prior 

waste gas treatment.  
Source: [ 43, TWG 2021 ]  

Figure 2.46: Formaldehyde emission points with no waste gas treatment technique 
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 Monitoring 

 

Only periodic monitoring was reported (119 instances). Typical frequencies for the monitoring 

of channelled formaldehyde emissions are shown in the bar chart of Figure 2.47. 

 

 

 
Source: [ 43, TWG 2021 ]  

Figure 2.47: Reported measurement frequencies for periodic formaldehyde monitoring 

 

 

Percentiles for reported limits of quantification and limits of detection for formaldehyde 

measurements are shown in Table 2.12. 

 

 
Table 2.12: Reported limits of quantification and detection for formaldehyde 

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm3) 

20th 0.04 0.004 

50th 0.06 0.025 

80th 1.20 1.50 
NB: The numbers of instances reported for the limits of quantification and detection are 36 and 20, respectively. 

Source: [ 43, TWG 2021 ]  
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2.3.2.11 PCDD/F 
 

 Sectors 

 

PCDD/F is typically emitted by a range of different chemical sectors as shown in the bar chart 

of Figure 2.48. 

 

 

 
NB: 33 operators reported PCDD/F from 38 emission points (via 36 questionnaires). 
Source: [ 43, TWG 2021 ]  

Figure 2.48: Number of emission points for PCDD/F by IED category 

 

 
 Emissions 

 

Emissions of PCDD/F mainly originate from the use of catalytic or thermal oxidation. The 

typical emission levels of PCDD/F after catalytic or thermal oxidation are shown as 

concentration and mass flow in the scatter plot of Figure 2.49. 

 

 

 
NB: 27 operators reported PCDD/F emissions from 32 emission points (via 30 questionnaires), applying thermal or 

catalytic oxidation.  
Source: [ 43, TWG 2021 ]  

Figure 2.49: PCDD/F emissions after waste gas treatment 
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 Monitoring 

 

Only periodic monitoring was reported (82 instances). Typical frequencies for the monitoring of 

channelled PCDD/F emissions are shown in the bar chart of Figure 2.50. 

 

 

 
Source: [ 43, TWG 2021 ]  

Figure 2.50: Reported measurement frequencies for periodic PCDD/F monitoring 

 

 

Percentiles for reported limits of quantification and limits of detection for PCDD/F 

measurements are shown in Table 2.13. 

 

 
Table 2.13: Reported limits of quantification and detection for PCDD/F 

Percentile Limit of quantification (µg/Nm 3) Limit of detection (µg/Nm3) 

20th 0.00010 1.6 x 10-5 

50th 0.00062 0.00056 

80th 0.0030 0.0054 
NB: The numbers of instances reported for the limits of quantification and detection are 25 and 24, respectively. 

Source: [ 43, TWG 2021 ]   
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2.3.2.12 Propylene oxide 
 

 Sectors 

 

Propylene oxide is typically emitted by a range of different chemical sectors as shown in the bar 

chart of Figure 2.51. 

 

 

 
NB: 14 operators reported propylene oxide emissions from 21 emission points (via 17 questionnaires). 

Source: [ 43, TWG 2021 ]   

Figure 2.51: Number of emission points for propylene oxide by IED category 

 

 
 Treated emissions 

 

Propylene oxide is generally treated with at least one waste gas treatment technique. The typical 

emission levels of propylene oxide after waste gas treatment are shown as concentration and 

mass flow in the scatter plot of Figure 2.52. 

 

The techniques most commonly applied, alone or in combination, in waste gas treatment 

systems of chemical plants are the following: 

 

¶ absorption; 

¶ condensation; 

¶ thermal or catalytic oxidation. 
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NB: 12 operators reported propylene oxide emissions from 16 emission points (via 13 questionnaires), applying the 

common waste gas treatment techniques listed above. 

Source: [ 43, TWG 2021 ]   

Figure 2.52: Propylene oxide emissions after waste gas treatment 

 

 
 Untreated emissions 

 

All operators reported at least one waste gas treatment technique for their emissions of 

propylene oxide. 

 

 
 Monitoring 

 

Periodic monitoring is more common than continuous monitoring: 43 instances of periodic 

monitoring and 5 of continuous monitoring were reported. Typical frequencies for the 

monitoring of channelled propylene oxide emissions are shown in the bar chart of Figure 2.53. 

 

 

 
Source: [ 43, TWG 2021 ]  

Figure 2.53: Reported measurement frequencies for periodic propylene oxide monitoring 
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Percentiles for reported limits of quantification and limits of detection for propylene oxide 

measurements are shown in Table 2.14. 

 

 
Table 2.14: Reported limits of quantification and detection for propylene oxide 

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm3) 

20th 0.07 0.06 

50th 0.40 0.06 

80th 0.50 0.20 
NB: The numbers of instances reported for the limits of quantification and detection are 9 and 7, respectively. 

Source: [ 43, TWG 2021 ]   

 

 

2.3.2.13 Tetrachloromethane 
 

 Sectors 

 

Tetrachloromethane is typically emitted by a range of different chemical sectors as shown in the 

bar chart of Figure 2.54. 

 

 

 
NB: 7 operators reported tetrachloromethane emissions from 19 emission points (via 7 questionnaires). 

Source: [ 43, TWG 2021 ]  

Figure 2.54: Number of emission points for tetrachloromethane by IED category 

 

 
 Treated emissions 

 

Tetrachloromethane is generally treated with at least one waste gas treatment technique. The 

typical emission levels of tetrachloromethane after waste gas treatment are shown as 

concentration and mass flow in the scatter plot of Figure 2.55. 

 

The techniques most commonly applied, alone or in combination, in waste gas treatment 

systems of chemical plants are the following: 

 

¶ adsorption; 

¶ bioprocess; 

¶ condensation; 

¶ thermal or catalytic oxidation. 
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NB: 6 operators reported tetrachloromethane emissions from 12 emission points (via 6 questionnaires), applying the 

common waste gas treatment techniques listed above. For better visualisation, only emission points with 

concentrations in the range of 0-30 mg CCl4/Nm3 are represented in the scatter plot. 4 emission points are outside 

both ranges (up 78 000 mg CCl4/Nm3 and up to 7.8 kg CCl4/h).  

Source: [ 43, TWG 2021 ]  

Figure 2.55: Tetrachloromethane emissions after waste gas treatment 

 

 
 Untreated emissions 

 

The typical emission levels of tetrachloromethane when no waste gas treatment is applied are 

shown as concentration and mass flow in the scatter plot of Figure 2.56. 

 

 

 
NB: 1 operator reported tetrachloromethane emissions from 4 emission points (via 1 questionnaire), without any prior 

waste gas treatment. 

Source: [ 43, TWG 2021 ]  

Figure 2.56: Tetrachloromethane emission points with no waste gas treatment technique 
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 Monitoring 

 

Only periodic monitoring was reported (52 instances). Typical frequencies for the monitoring of 

channelled tetrachloromethane emissions are shown in the bar chart of Figure 2.57. 

 

 

 
Source: [ 43, TWG 2021 ]   

Figure 2.57: Reported measurement frequencies for periodic tetrachloromethane monitoring 

 

 

Percentiles for reported limits of quantification and limits of detection for tetrachloromethane 

measurements are shown in Table 2.15. 

 

 
Table 2.15: Reported limits of quantification and detection for tetrachloromethane 

Percentile Limit of quantification (mg/Nm3) Limit of detection (mg/Nm3) 

20th 0.10 0.01 

50th 5.0 0.22 

80th 100.0 0.22 
NB: The numbers of instances reported for the limits of quantification and detection are 36 and 21, respectively. 

Source: [ 43, TWG 2021 ]   
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2.3.2.14 Toluene 
 

 Sectors 

 

Toluene is typically emitted by a range of different chemical sectors as shown in the bar chart of 

Figure 2.58. 

 

 

 
NB: 29 operators reported toluene emissions from 88 emission points (via 40 questionnaires). 

Source: [ 43, TWG 2021 ]   

Figure 2.58: Number of emission points for toluene by IED category 

 

 
 Treated emissions 

 

Toluene is generally treated with at least one waste gas treatment technique. The typical 

emission levels of toluene after waste gas treatment are shown as concentration and mass flow 

in the scatter plot of Figure 2.59. 

 

The techniques most commonly applied, alone or in combination, in waste gas treatment 

systems of chemical plants are the following: 

 

¶ absorption; 

¶ adsorption; 

¶ condensation; 

¶ thermal or catalytic oxidation. 
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NB: 17 operators reported toluene emissions from 30 emission points (via 20 questionnaires), applying the common 

waste gas treatment techniques listed above. For better visualisation, only emission points with concentrations in the 

range of 0-1 500 mg C7H8/Nm3 are represented in the scatter plot. 2 emission points are outside both ranges (up to 

830 mg C7H8/Nm3 and a mass flow of 33 kg C7H8/h).  

Source: [ 43, TWG 2021 ]   

Figure 2.59: Toluene emissions after waste gas treatment 

 

 
 Untreated emissions 

 

The typical emission levels of toluene when no waste gas treatment is applied are shown as 

concentration and mass flow in the scatter plot of Figure 2.60. 

 

 

 
NB: 4 operators reported toluene emissions from 19 emission points (via 6 questionnaires), without any prior waste 

gas treatment. For better visualisation, only emission points with concentrations in the range of 0-80 mg C7H8/Nm3 

are represented in the scatter plot. 1 emission point is outside the range, reporting a concentration of 

513 mg C7H8/Nm3 and a mass flow of 1 400 g C7H8//h. 

Source: [ 43, TWG 2021 ]   

Figure 2.60: Toluene emission points with no waste gas treatment technique 
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 Monitoring 

 

Periodic monitoring is more common than continuous monitoring: 176 instances of periodic 

monitoring and 3 of continuous monitoring were reported. Typical frequencies for the 

monitoring of channelled toluene emissions are shown in the bar chart of Figure 2.61. 

 

 

 
Source: [ 43, TWG 2021 ]   

Figure 2.61: Reported measurement frequencies for periodic toluene monitoring 

 

 

Percentiles for reported limits of quantification and limits of detection for toluene measurements 

are shown in Table 2.16. 

 

 
Table 2.16: Reported limits of quantification and detection for toluene 

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm3) 

20th 0.05 0.05 

50th 0.13 0.20 

80th 0.50 0.43 
NB: The numbers of instances reported for the limits of quantification and detection are 66 and 74, respectively. 

Source: [ 43, TWG 2021 ]  
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2.3.2.15 Trichloromethane 
 

 Sectors 

 

Trichloromethane is typically emitted by a range of different chemical sectors as shown in the 

bar chart of Figure 2.62. 

 

 

 
NB: 13 operators reported trichloromethane by 13 questionnaires for 24 emission points. 

Source: [ 43, TWG 2021 ]   

Figure 2.62: Number of emission points for trichloromethane by IED category 

 

 
 Treated emissions 

 

Trichloromethane is generally treated with at least one waste gas treatment technique. The 

typical emission levels of trichloromethane after waste gas treatment are shown as concentration 

and mass flow in the scatter plot of Figure 2.63. 

 

The techniques most commonly applied, alone or in combination, in waste gas treatment 

systems of chemical plants are the following: 

 

¶ absorption; 

¶ adsorption; 

¶ condensation; 

¶ thermal or catalytic oxidation. 
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NB: 8 operators reported trichloromethane emissions from 12 emission points (via 8 questionnaires), applying the 

common waste gas treatment techniques listed above. For better visualisation, only emission points with 

concentrations in the range of 0-100 mg CHCl3/Nm3 are represented in the scatter plot. 2 emission points are outside 

both ranges (up to 1 000 mg CHCl3/Nm3 and 25 g CHCl3/h). 

Source: [ 43, TWG 2021 ]   

Figure 2.63: Trichloromethane emissions after waste gas treatment 

 

 
 Untreated emissions 

 

The typical emission levels of trichloromethane when no waste gas treatment is applied are 

shown as concentration and mass flow in the scatter plot of Figure 2.64. 

 

 

 
NB: 1 operator reported trichloromethane emissions from 4 emission points (via 1 questionnaire), without any prior 

waste gas treatment.  

Source: [ 43, TWG 2021 ]   

Figure 2.64: Trichloromethane emission points with no waste gas treatment technique 
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 Monitoring 

 

Only periodic monitoring was reported (63 instances). Typical frequencies for the monitoring of 

channelled trichloromethane emissions are shown in the bar chart of Figure 2.65. 

 

 

 
Source: [ 43, TWG 2021 ]  

Figure 2.65: Reported measurement frequencies for periodic trichloromethane monitoring 

 

 

Percentiles for reported limits of quantification and limits of detection for trichloromethane 

measurements are shown in Table 2.17. 

 

 
Table 2.17: Reported limits of quantification and detection for trichloromethane 

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm3) 

20th 0.1 0.13 

50th 1.0 0.13 

80th 5.0 0.3 
NB: The numbers of instances reported for the limits of quantification and detection are 49 and 33, respectively. 

Source: [ 43, TWG 2021 ]   
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2.3.3 Dust (including PM10, and PM2.5) and particulate-bound metals 
 

2.3.3.1 Dust 
 

 Sectors 

 

Dust is typically emitted by a range of different chemical sectors as shown in the bar chart of 

Figure 2.66. 

 

 

 
NB: 205 operators reported dust emissions (including PM2.5 and PM10) from 1 650 emission points (via 393 

questionnaires). 

Source: [ 43, TWG 2021 ]  

Figure 2.66: Number of emission points for dust by IED category 

 

 
 Treated emissions 

 

Dust is generally treated with at least one waste gas treatment technique. The typical emission 

levels of dust after waste gas treatment are shown as concentration and mass flow in the scatter 

plot of Figure 2.67. 

 

The techniques most commonly applied, alone or in combination, in waste gas treatment 

systems of chemical plants are the following: 

 

¶ absorption; 

¶ gravitational separation; 

¶ filtration (e.g. fabric filter, absolute filter); 

¶ dust scrubbing; 

¶ electrostatic precipitation. 
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NB: 149 operators reported dust emissions from 1 212 emission points (via 271 questionnaires), applying the 

common waste gas treatment techniques listed above. For better visualisation, only emission points with 

concentrations in the range of 0-100 mg dust/Nm3 and mass flows in the range of 0-1 000 g dust/h are represented in 

the scatter plot. 5 emission points are outside the mass flow range (up to 7.7 kg dust/h) and 4 emission points are 

outside the concentration range (up to 260 mg dust/Nm3). 

Source: [ 43, TWG 2021 ]   

Figure 2.67: Dust emissions after waste gas treatment 

 

 
 Untreated emissions 

 

The typical emission levels of dust when no waste gas treatment is applied are shown as 

concentration and mass flow in the scatter plot of Figure 2.68. 

 

 

 
NB: 56 operators reported dust emissions for 236 emission points (via 85 questionnaires), without any prior waste gas 

treatment. For better visualisation, only emission points with mass flows in the range of 0-200 g dust/h are 

represented in the scatter plot. 4 emission points are outside both ranges (up to 8.8 kg dust/h and up to 

28 mg dust/Nm3). 

Source: [ 43, TWG 2021 ]  

Figure 2.68: Dust emission points with no waste gas treatment technique 
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 Monitoring 

 

Periodic monitoring is more common than continuous monitoring: 3 241 instances of periodic 

monitoring and 59 of continuous monitoring were reported. Typical frequencies for the 

monitoring of channelled dust emissions are shown in the bar chart of Figure 2.69. 

 

 

 
Source: [ 43, TWG 2021 ]   

Figure 2.69: Reported measurement frequencies for periodic dust monitoring 

 

 

Percentiles for reported limits of quantification and limits of detection for dust measurements 

are shown in Table 2.18. 

 

 
Table 2.18: Reported limits of quantification and detection for dust 

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm3) 

20th 0.2 0.1 

50th 0.3 0.3 

80th 1.0 0.5 
NB: The numbers of instances reported for the limits of quantification and detection are 1141 and 1239, respectively. 

Source: [ 43, TWG 2021 ]   
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2.3.3.2 Dust containing substances classified as CMR 1A or 1B 
 

 Sectors 

 

Dust containing substances classified as CMR 1A or 1B is typically emitted by a few chemical 

sectors as shown in the bar chart of Figure 2.70. 

 

 

 
NB: 18 operators reported emissions of dust indicating the presence of substances classified as CMR 1A or 1B for 75 

emission points (via 22 questionnaires). 

Source: [ 43, TWG 2021 ]   

Figure 2.70: Number of emission points for dust containing substances classified as CMR 1A or 1B 

by IED category 

 

 
 Emissions 

 

Dust containing substances classified as CMR 1A or 1B is generally treated with at least one 

waste gas treatment technique. The typical emission levels of dust containing substances 

classified as CMR 1A or 1B after waste gas treatment are shown as concentration and mass 

flow in the scatter plot of Figure 2.71. 

 

The techniques most commonly applied, alone or in combination, in waste gas treatment 

systems of chemical plants are the following: 

 

¶ absorption; 

¶ gravitational separation; 

¶ filtration (e.g. fabric filter, absolute filter); 

¶ dust scrubbing. 
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NB: 15 operators reported dust emissions indicating the presence of substances classified as CMR 1A or 1B from 66 

emission points (via 19 questionnaires), applying the common waste gas treatment techniques listed above. 

Source: [ 43, TWG 2021 ]   

Figure 2.71: Emissions of dust containing substances classified as CMR 1A or 1B after waste gas 

treatment 

 

 
 Monitoring 

 

Periodic monitoring is more common than continuous monitoring: 176 instances of periodic 

monitoring and 3 of continuous monitoring were reported. Typical frequencies for the 

monitoring of channelled dust emissions (containing substances classified as CMR 1A or 1B) 

are shown in the bar chart of Figure 2.72. 

 

 

 
Source: [ 43, TWG 2021 ]   

Figure 2.72: Reported measurement frequencies for periodic monitoring of dust containing 

substances classified as CMR 1A or 1B 
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Percentiles for reported limits of quantification and limits of detection for dust containing 

substances classified as CMR 1A or 1B are shown in Table 2.18. 

 

 
Table 2.19: Reported limits of quantification and detection for dust containing substances 

classified as CMR 1A or 1B 

Percentile Limit of quantification (mg/Nm3) Limit of detection (mg/Nm3) 

20th 0.30 0.28 

50th 0.30 0.30 

80th 0.30 0.30 
NB: The numbers of instances reported for the limits of quantification and detection are 58 and 57, respectively. 

Source: [ 43, TWG 2021 ]   

 

 

2.3.3.3 Dust containing substances classified as CMR 2 
 

 Sectors 

 

Dust containing substances classified as CMR 2 is typically emitted by a range of different 

chemical sectors as shown in the bar chart of Figure 2.73. 

 

 

 
NB: 15 operators reported of dust emissions indicating the presence of substances classified as CMR 2 from 52 

emission points (via 16 questionnaires). 

Source: [ 43, TWG 2021 ]  

Figure 2.73: Number of emission points for dust containing substances classified as CMR 2 by IED 

category 

 

 
 Emissions 

 

Emissions of dust containing substances classified as CMR 2 are generally treated with at least 

one waste gas treatment technique. The typical emission levels of dust containing substances 

classified as CMR 2 after waste gas treatment are shown as concentration and mass flow in the 

scatter plot of Figure 2.74. 

 

The techniques most commonly applied, alone or in combination, in waste gas treatment 

systems of chemical plants are the following: 

 

¶ absorption; 

¶ gravitational separation; 

¶ filtration (e.g. fabric filter, absolute filter); 

¶ dust scrubbing. 
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NB: 12 operators reported dust emissions from 48 emission points (via 13 questionnaires), applying the common 

waste gas treatment techniques listed above. 

Source: [ 43, TWG 2021 ]   

Figure 2.74: Emissions of dust containing substances classified as CMR 2 after waste gas treatment 

 

 
 Monitoring 

 

Periodic monitoring is more common than continuous monitoring: 114 instances of periodic 

monitoring and 3 of continuous monitoring were reported. Typical frequencies for the 

monitoring of channelled dust emissions (containing substances classified as CMR 2) are shown 

in the bar chart of Figure 2.75. 

 

 

 
Source: [ 43, TWG 2021 ]  

Figure 2.75: Reported measurement frequencies for periodic dust (containing substances classified 

as CMR 2) monitoring 
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Percentiles for reported limits of quantification and limits of detection for dust (containing 

substances classified as CMR 2) measurements are shown in Table 2.18. 

 

 
Table 2.20: Reported limits of quantification and detection for dust containing substances 

classified as CMR 2 

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm3) 

20th 0.20 0.20 

50th 0.30 0.30 

80th 0.31 0.30 
NB: The numbers of instances reported for the limits of quantification and detection are 71 and 53, respectively. 

Source: [ 43, TWG 2021 ]  

 

 

2.3.3.4 Lead and its compounds 
 

 Sectors 

 

Lead and its compounds are typically emitted by a range of different chemical sectors as shown 

in the bar chart of Figure 2.76. 

 

 

 
NB: 18 operators reported lead emissions from 27 emission points (via 18 questionnaires). 

Source: [ 43, TWG 2021 ]  

Figure 2.76: Number of emission points for lead by IED category 

 

 
 Treated emissions 

 

Emissions of lead and its compounds are generally treated with at least one waste gas treatment 

technique. The typical emission levels of lead after waste gas treatment are shown as 

concentration and mass flow in the scatter plot of Figure 2.77. 

 

The techniques most commonly applied, alone or in combination, in waste gas treatment 

systems of chemical plants are the following: 

 

¶ filtration (e.g. fabric filter, absolute filter); 

¶ dust scrubbing. 
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NB: 4 operators reported lead emissions from 5 emission points (via 4 questionnaires), applying the common waste 

gas treatment techniques listed above. 

Source: [ 43, TWG 2021 ]  

Figure 2.77: Lead emissions after waste gas treatment 

 

 

A lead emission level lower than 0.1 mg/Nm3 is not achieved in the case of Plant BE_40 which 

reported higher average lead emissions (1 mg/Nm3) compared to the average concentrations 

reported by other installations (see Figure 2.77). The installation BE_40 produces technical 

ZnO, starting from galvanic ashes, containing up to 2.5 % lead, applying dust scrubbing as a 

waste gas treatment with a reported abatement efficiency of 99.9 %. 

 

 
 Untreated emissions 

 

The typical emission levels of lead when no waste gas treatment is applied are shown as 

concentration and mass flow in the scatter plot of Figure 2.78. 

 

 

 
NB: 6 operators reported lead emissions from 8 emission points (via 6 questionnaires), without any prior waste gas 

treatment. 

Source: [ 43, TWG 2021 ]   

Figure 2.78: Lead emission points with no waste gas treatment technique 
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 Monitoring 

 

Only periodic monitoring was reported (56 instances). Typical frequencies for the monitoring of 

channelled lead emissions are shown in the bar chart of Figure 2.79. 

 

 

 
Source: [ 43, TWG 2021 ]   

Figure 2.79: Reported measurement frequencies for periodic lead monitoring 

 

 

Percentiles for reported limits of quantification and limits of detection for lead measurements 

are shown in Table 2.21. 

 

 
Table 2.21: Reported limits of quantification and detection for lead and its compounds 

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm3) 

20th 0.0001 0.00017 

50th 0.00024 0.0005 

80th 0.005 0.005 
NB: The numbers of instances reported for the limits of quantification and detection are 9 and 8, respectively. 

Source: [ 43, TWG 2021 ]   
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2.3.3.5 Nickel and its compounds 
 

 Sectors 

 

Nickel and its compounds are typically emitted by a range of different chemical sectors as 

shown in the bar chart of Figure 2.80. 

 

 

 
NB: 24 operators reported nickel emissions from 88 emission points (via 31 questionnaires).  

Source: [ 43, TWG 2021 ]   

Figure 2.80: Number of emission points for nickel by IED category 

 

 
 Treated emissions 

 

Emissions of nickel and its compounds are generally treated with at least one waste gas 

treatment technique. The typical emission levels of nickel after waste gas treatment are shown 

as concentration and mass flow in the scatter plot of Figure 2.81. 

 

The techniques most commonly applied, alone or in combination, in waste gas treatment 

systems of chemical plants are the following: 

 

¶ absorption; 

¶ gravitational separation; 

¶ fil tration (e.g. fabric filter, absolute filter); 

¶ dust scrubbing. 
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NB: 5 operators reported nickel emissions from 48 emission points (via 8 questionnaires), applying the common 

waste gas treatment techniques listed above.  

Source: [ 43, TWG 2021 ]   

Figure 2.81: Nickel emissions after waste gas treatment 

 

 
 Untreated emissions 

 

The typical emission levels of nickel when no waste gas treatment is applied are shown as 

concentration and mass flow in the scatter plot of Figure 2.82. 

 

 

 
NB: 7 operators reported nickel emissions from 8 emission points (via 7 questionnaires), without any prior waste gas 

treatment.  

Source: [ 43, TWG 2021 ]   

Figure 2.82: Nickel emission points with no waste gas treatment technique 
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 Monitoring 

 

Only periodic monitoring was reported (202 instances). Typical frequencies for the monitoring 

of channelled nickel emissions are shown in the bar chart of Figure 2.83. 

 

 

 
Source: [ 43, TWG 2021 ]   

Figure 2.83: Reported measurement frequencies for periodic nickel monitoring 

 

 

Percentiles for reported limits of quantification and limits of detection for nickel measurements 

are shown in Table 2.22. 

 

 
Table 2.22: Reported limits of quantification and detection for nickel and its compounds 

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm3) 

20th 0.003 0.001 

50th 0.005 0.05 

80th 0.005 0.05 
NB: The numbers of instances reported for the limits of quantification and detection are 71 and 74, respectively. 

Source: [ 43, TWG 2021 ]  
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2.3.3.6 PM10 
 

 Sectors 

 

PM10 is typically emitted by a range of different chemical sectors as shown in the bar chart of 

Figure 2.84. 

 

 

 
NB: 12 operators reported PM10 emissions from 60 emission points (via 12 questionnaires).  

Source: [ 43, TWG 2021 ]  

Figure 2.84: Number of emission points for PM10 by IED category 

 

 
 Treated emissions 

 

Emissions of PM10 may occur with at least one prior waste gas treatment technique applied. The 

typical emission levels of PM10 after waste gas treatment are shown as concentration and mass 

flow in the scatter plot of Figure 2.85. 

 

The techniques most commonly applied, alone or in combination, in waste gas treatment 

systems of chemical plants are the following: 

 

¶ filtration (e.g. fabric filter, absolute filter); 

¶ dust scrubbing. 
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NB: 6 operators reported PM10 emissions from 23 emission points (via 6 questionnaires), applying the common waste 

gas treatment techniques listed above. For better visualisation, only emission points with concentrations in the range 

of 0-20 mg PM10/Nm3 and mass flows in the range of 0-200 g PM10/h are represented in the scatter plot.  

Source: [ 43, TWG 2021 ]   

Figure 2.85: PM10 emissions after waste gas treatment 

 

 
 Untreated emissions 

 

The typical emission levels of PM10 when no waste gas treatment is applied are shown as 

concentration and mass flow in the scatter plot of Figure 2.86. 

 

 

 
NB: 6 operators reported PM10 emissions from 27 emission points (via 6 questionnaires), without any prior waste gas 

treatment.  

Source: [ 43, TWG 2021 ]  

Figure 2.86: PM10 emission points with no waste gas treatment technique 
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 Monitoring 

 

Only periodic monitoring was reported (148 instances). Typical frequencies for the monitoring 

of channelled PM10 emissions are shown in the bar chart of Figure 2.87. 

 

 

 
Source: [ 43, TWG 2021 ]   

Figure 2.87: Reported measurement frequencies for periodic PM10 monitoring  

 

 

Percentiles for reported limits of quantification and limits of detection for PM10 measurements 

are shown in Table 2.23. 

 

 
Table 2.23: Reported limits of quantification and detection for PM10 

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm3) 

20th 0.2 0.06 

50th 0.2 0.06 

80th 0.2 1.0 
NB: The numbers of instances reported for the limits of quantification and detection are 78 and 106, respectively. 

Source: [ 43, TWG 2021 ]   
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2.3.3.7 PM2.5 
 

 Sectors 

 

PM2.5 is typically emitted by a range of different chemical sectors as shown in the bar chart of 

Figure 2.88. 

 

 

 
NB: 5 operators reported PM2.5 emissions from 28 emission points (via 5 questionnaires). 

Source: [ 43, TWG 2021 ]  

Figure 2.88: Number of emission points for PM2.5 by IED category 

 

 
 Treated emissions 

 

Emissions of PM2.5 are generally treated with at least one waste gas treatment technique. The 

typical emission levels of PM2.5 after waste gas treatment are shown as concentration and mass 

flow in the scatter plot of Figure 2.89. 

 

The technique most commonly applied in waste gas treatment systems of chemical plants is 

filtration (e.g. fabric filter, absolute filter). 
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NB: 4 operators reported PM2.5 emissions from 16 emission points, applying the common waste gas treatment 

techniques listed above. For better visualisation, only emission points with concentrations in the range of 0-

15 mg PM2.5/Nm3 and mass flows in the range of 0-300 g PM2.5/h are represented in the scatter plot.  

Source: [ 43, TWG 2021 ]   

Figure 2.89: PM2.5 emissions after waste gas treatment 

 

 
 Untreated emissions 

 

The typical emission levels of PM2.5 when no waste gas treatment is applied are shown as 

concentration and mass flow in the scatter plot of Figure 2.90. 

 

 

 
NB: 3 operators reported PM2.5 emissions from 14 emission points (via 3 questionnaires), without any prior waste gas 

treatment. For better visualisation, only emission points with concentrations in the range of 0-1 mg PM2.5/Nm3 and 

mass flows in the range of 0-100 g PM2.5/h are represented in the scatter plot.  

Source: [ 43, TWG 2021 ]   

Figure 2.90: PM2.5 emission points with no waste gas treatment technique 
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 Monitoring 

 

Only periodic monitoring was reported (72 instances). Typical frequencies for the monitoring of 

channelled PM2.5 emissions are shown in the bar chart of Figure 2.91. 

 

 

 
Source: [ 43, TWG 2021 ]   

Figure 2.91: Reported measurement frequencies for periodic PM2.5 monitoring  

 

 

Percentiles for reported limits of quantification and limits of detection for PM2.5 measurements 

are shown in Table 2.24. 

 

 
Table 2.24: Reported limits of quantification and detection for PM2.5 

Percentile Limit of quantification (mg /Nm3) Limit of detection (mg/Nm3) 

20th 0.2 0.06 

50th 0.2 0.06 

80th 0.2 0.06 
NB: The numbers of instances reported for the limits of quantification and detection are 66 and 67, respectively. 

Source: [ 43, TWG 2021 ]   
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2.3.4 Inorganic substances 
 

2.3.4.1 Nitrogen oxides 
 

 Sectors 

 

Nitrogen oxides are typically emitted by a range of different chemical sectors as shown in the 

bar chart of Figure 2.92. 

 

 

 
NB: 205 operators reported NOX emissions from 707 emission points (via 350 questionnaires).  

Source: [ 43, TWG 2021 ]   

Figure 2.92: Number of emission points for NOX by IED category 

 

 
 Emissions 

 

Emissions of nitrogen oxides may originate from different sources, e.g. from the use of catalytic 

or thermal oxidation of waste gases, or from chemical processes. Emissions of nitrogen oxides 

from process furnaces/heaters are described in Section 2.9.2.1. 

 

The typical emission levels of nitrogen oxides from the use of thermal treatment are shown as 

concentration and mass flow in the scatter plots of Figure 2.93 and Figure 2.94. 
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NB: 22 operators reported NOX emissions from 36 emission points (via 24 questionnaires), applying catalytic 

oxidation either alone or in combination with another waste gas treatment technique. 

Source: [ 43, TWG 2021 ]   

Figure 2.93: NOX emissions from catalytic oxidation 

 

 

 
NB: 78 operators reported NOX emissions from 136 emission points (via 117 questionnaires). For better visualisation, 

only emission points with concentrations in the range of 0-400 mg NOX/Nm3 are represented in the scatter plot. 3 

emission points are outside this range (up to 4 160 g NOX/Nm3). 

Source: [ 43, TWG 2021 ]   

Figure 2.94: NOX emissions from thermal oxidation 

 

 

In addition, emissions of nitrogen oxides may occur from chemical processes. The typical 

emission levels of nitrogen oxides in this case are shown as concentration and mass flow in the 

scatter plot of Figure 2.95. 
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NB: 64 operators reported NOX emissions from 205 emission points (via 102 questionnaires). For better visualisation, 

only emission points with concentrations in the range of 0-1 000 mg NOX/Nm3 are represented in the scatter plot.      

3 emission points are outside this range range (up to 3 250 mg NOX/Nm3). 

Source: [ 43, TWG 2021 ]   

Figure 2.95: NOX emissions from chemical processes 

 

 

The typical emission levels of nitrogen oxide when no waste gas treatment is applied are shown 

as concentration and mass flow in the scatter plot of Figure 2.96. 

 

 

 
NB: 29 operators reported NOX emissions for 96 emission points (via 45 questionnaires), without any prior waste gas 

treatment.  

Source: [ 43, TWG 2021 ]   

Figure 2.96: NOX emission points from chemical processes with no waste gas treatment technique 

 

 

Higher levels of NOX emissions (e.g. up to 350 mg/Nm³) may occur if the process off-gas(es) 

contain(s) high levels of NOX precursors, like those originating from the process(es) of the 

integrated production of amino acids (e.g. methionine, such as in the case of Plant BE_43) [ 57, 

BE  2021 ]. 
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 Monitoring 

 

Periodic monitoring is more common than continuous monitoring: 1 330 instances of periodic 

monitoring and 216 of continuous monitoring were reported. Typical frequencies for the 

monitoring of channelled nitrogen oxide emissions are shown in the bar chart of Figure 2.97. 

Measurement frequencies for periodic monitoring of nitrogen oxides from process 

furnaces/heaters are described in Section 2.9.2.2. 

 

 

 
Source: [ 43, TWG 2021 ]   

Figure 2.97: Reported measurement frequencies for periodic NOX monitoring  

 

 

Percentiles for reported limits of quantification and limits of detection for nitrogen oxide 

measurements are shown in Table 2.25. 

 

 
Table 2.25: Reported limits of quantification and detection for NOX 

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm3) 

20th 1.0 0.65 

50th 4.5 2.0 

80th 7.0 5.0 
NB: The numbers of instances reported for the limits of quantification and detection are 427 and 373, respectively. 

Source: [ 43, TWG 2021 ]  
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2.3.4.2 Carbon monoxide 
 

 Sectors 

 

Carbon monoxide is typically emitted by a range of different chemical sectors as shown in the 

bar chart of Figure 2.98. 

 

 

 
NB: 153 operators reported CO emissions for 485 emission points (via 270 questionnaires).  

Source: [ 43, TWG 2021 ]  

Figure 2.98: Number of emission points for carbon monoxide by IED category 

 

 
 Emissions 

 

Emissions of carbon monoxide may originate from different sources from the use of catalytic or 

thermal oxidation of the waste gases. Emissions of carbon monoxide from process 

furnaces/heaters are described in Section 2.9.3.1. 

 

For process furnaces/heaters, the typical emission levels of carbon monoxide are shown as 

concentration and mass flow in the scatter plot of Figure 2.202. 

 

From the use of catalytic or thermal oxidation of the waste gases, the typical emission levels of 

carbon monoxide are shown as concentration and mass flow in the scatter plots of Figure 2.99 

and Figure 2.100. 
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NB: 20 operators reported CO emissions for 32 emission points (via 21 questionnaires). For better visualisation, only 

emission points with concentrations in the range of 0-400 mg CO/Nm3 and mass flows in the range of 

0-25 000 g CO/h are represented in the scatter plot.  

Source: [ 43, TWG 2021 ] 

Figure 2.99: CO emissions from catalytic oxidation 

 

 

 
NB: 77 operators reported CO emissions from 159 emission points (via 134 questionnaires). For better visualisation, 

only emission points with concentrations in the range of 0-200 mg CO/Nm3 and mass flows in the range of 

0-10 000 g CO/h are represented in the scatter plot.  

Source: [ 43, TWG 2021 ] 

Figure 2.100:CO emissions from thermal oxidation 

 



  Chapter 2 

Waste Gas Management and Treatment Systems in the Chemical Sector 103 

The typical emission levels of carbon monoxide when no waste gas treatment is applied are 

shown as concentration and mass flow in the scatter plot of Figure 2.101. 

 

 

 
NB: 51 operators reported CO emissions for 168 emission points (via 76 questionnaires), without any prior waste gas 

treatment. For better visualisation, only emission points with concentrations in the range of 0-200 mg CO/Nm3 are 

represented in the scatter plot. 1 emission point is outside the range, reporting a concentration of 870 mg CO/Nm3 and 

a mass flow of 3 kg CO/h. 

Source: [ 43, TWG 2021 ] 

Figure 2.101:CO emission points with no waste gas treatment technique 

 

 
 Monitoring 

 

Periodic monitoring is more common than continuous monitoring: 850 instances of periodic 

monitoring and 160 of continuous monitoring were reported. Typical frequencies for the 

monitoring of channelled carbon monoxide emissions are shown in the bar chart of 

Figure 2.102. Measurement frequencies for periodic monitoring of carbon monoxide from 

process furnaces/heaters are described in Section 2.9.3.2. 

 

 

 
Source: [ 43, TWG 2021 ]  

Figure 2.102:Reported measurement frequencies for periodic CO monitoring 
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Percentiles for reported limits of quantification and limits of detection for carbon monoxide 

measurements are shown in Table 2.26. 

 

 
Table 2.26: Reported limits of quantification and detection for CO 

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm3) 

20th 1.0 0.4 

50th 3.2 1.3 

80th 6.3 2.5 
NB: The numbers of instances reported for the limits of quantification and detection are 345 and 331, respectively. 

Source: [ 43, TWG 2021 ]  

 

 

2.3.4.3 Ammonia 
 

 Sectors 

 

Ammonia is typically emitted by a range of different chemical sectors as shown in the bar chart 

of Figure 2.103. 

 

 

 
NB: 65 operators reported NH3 emissions for 149 emission points (via 97 questionnaires).  

Source: [ 43, TWG 2021 ] 

Figure 2.103:Number of emission points for NH3 by IED category 

 

 
 Treated emissions 

 

Emissions of ammonia are generally treated with at least one waste gas treatment technique. 

The typical emission levels of ammonia after waste gas treatment are shown as concentration 

and mass flow in the scatter plot of Figure 2.104. 

 

The techniques most commonly applied, alone or in combination, in waste gas treatment 

systems of chemical plants are the following: 

 

¶ absorption; 

¶ adsorption; 

¶ thermal oxidation. 
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NB: 39 operators reported ammonia emissions from 64 emission points (via 54 questionnaires), applying the common 

waste gas treatment techniques listed above. For better visualisation, only emission points with concentrations in the 

range of 0-200 mg NH3/Nm3 are represented in the scatter plot. 4 emission points are outside this range (reporting 

concentrations up to 800 mg NH3/Nm3 and mass flows of 65 kg NH3/h). 

Source: [ 43, TWG 2021 ]  

Figure 2.104:NH3 emissions after waste gas treatment 

 

 

In addition, emissions of ammonia may occur when selective catalytic reduction (SCR) or 

selective non-catalytic reduction (SNCR) are used for the abatement of NOX emissions to air. 

The typical emission levels of ammonia when using SCR or SNCR, are shown as concentration 

and mass flow in the scatter plot of Figure 2.105. 

 

 

 
NB: 9 operators reported ammonia emissions for 17 emission points (via 13 questionnaires), applying SCR or SNCR. 

For better visualisation, only emission points with concentrations in the range of 0-300 mg NH3/Nm3 and mass flows 

in the range of 0-3000 g NH3/h are represented in the scatter plot.  

Source: [ 43, TWG 2021 ]  

Figure 2.105:NH3 emissions for selective catalytic reduction (SCR) or selective non-catalytic 

reduction (SNCR) 
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 Untreated emissions 

 

The typical emission levels of ammonia when no waste gas treatment is applied are shown as 

concentration and mass flow in the scatter plot of Figure 2.106. 

 

 

 
NB: 5 operators reported ammonia emissions for 8 emission points (via 5 questionnaires), without any prior waste 

gas treatment. For better visualisation, only emission points with concentrations in the range of 0-3 000 mg NH3/Nm3 

and mass flows in the range of 0-1 400 g NH3/h are represented in the scatter plot.  

Source: [ 43, TWG 2021 ]  

Figure 2.106:NH3 emission points with no waste gas treatment technique 

 

 
 Monitoring 

 

Periodic monitoring is more common than continuous monitoring: 265 instances of periodic 

monitoring and 29 of continuous monitoring were reported. Typical frequencies for the 

monitoring of channelled ammonia emissions are shown in the bar chart of Figure 2.107. 

 

 

 
Source: [ 43, TWG 2021 ] 

Figure 2.107:Reported measurement frequencies for periodic NH3 monitoring  

 



  Chapter 2 

Waste Gas Management and Treatment Systems in the Chemical Sector 107 

Percentiles for reported limits of quantification and limits of detection for ammonia 

measurements are shown in Table 2.27. 

 

 
Table 2.27: Reported limits of quantification and detection for NH3 

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm3) 

20th 0.05 0.05 

50th 0.40 0.25 

80th 1.08 0.40 
NB: The numbers of instances reported for the limits of quantification and detection are 132 and 96, respectively. 

Source: [ 43, TWG 2021 ]  

 

 

2.3.4.4 Elemental chlorine 
 

 Sectors 

 

Elemental chlorine is typically emitted by a range of different chemical sectors as shown in the 

bar chart of Figure 2.108. 

 

 

 
NB: 29 operators reported Cl2 emissions from 63 emission points (via 42 questionnaires).  

Source: [ 43, TWG 2021 ]  

Figure 2.108:Number of emission points for Cl2 by IED category 
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 Treated missions 
 

Emissions of elemental chlorine are generally treated with at least one waste gas treatment 

technique applied. The typical emission levels of elemental chlorine after waste gas treatment 

are shown as concentration and mass flow in the scatter plot of Figure 2.109. The most 

commonly applied waste gas treatment technique is absorption. Thermal treatment is applied by 

two plants. 
 

 

 
NB: 21 operators reported elemental chlorine emissions for 48 emission points (via 29 questionnaires), applying the 

common waste gas treatment techniques listed above.  

Source: [ 43, TWG 2021 ] 

Figure 2.109:Cl2 emissions after waste gas treatment 
 

 

A Cl2 emission level below 2 mg/Nm3 was not achieved by the installation BE_72 which 

reported higher average Cl2 emissions due to the process used. To produce chlorinated toluenes, 

toluene and elemental chlorine are mixed and distilled afterwards. This results in high loads of 

chlorine in the waste gas stream even though a packed bed scrubber is applied for Cl2 and HCl 

abatement with a very high removal efficiency, i.e. up to 99 % [ 57, BE  2021 ]. 

 
 

 Untreated emissions 

 

All operators reported at least one waste gas treatment technique for their emissions of 

elemental chlorine. 
 

 

 Monitoring 
 

Periodic monitoring is more common than continuous monitoring: 108 instances of periodic 

monitoring and 24 of continuous monitoring were reported. Typical frequencies for the 

monitoring of channelled elemental chlorine emissions are shown in the bar chart of 

Figure 2.110. 
 

 




























































































































































































































































































































































































































































































































