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Abstract

The Best Available Techniques (BAT) feeence Document (BREF) f@@ommon Waste Gas
Management and Treatment Systems in the Chemical Sector is part of a seneanoérus
presenting the results of an exchange of information between EU Member States, the industries
concerned, nogovernmental organisations promoting environmental protection, and the
Commission, to draw up, review aindvhere necessaify update BAT eference documents as
required by Article 13(1) ofndustrial Emisions Directive 2010/75/EUThis document is
published by the European Commission pursuant to Article 13(6) dhthestrial Emisions
Directive 2010/75/EU

The BREF for Common Waste GasaiWagement 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 witte chemical production processes listed in points 4.1

to 4.6 of Annex Lo the Industrial Emisons Directive 2010/75/EU

The BREF consists of six main chapters. General information of the chemical industry in
Europe (industrial and economic development, geographical distributiorthendlevant air
pollutants eritted 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 cagby the present BREF. Chapt&moutlines the gemal
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) ofridastrial Emissions Directive
(2010/75/EU) including BAT that apply generally to the chemisattor covered by this BREF

and, when appropriatesectorspecific BAT. Chapter 5does not include anynformation on
emerging techniqug®o exchange oinformationtook place on this topicConcluding remarks

and recommendations for future work gresentedn Chapter 6.
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Preface

PREFACE

1. Status of this document

Unless otherwise stated, referendte® Ot he Directived in this
2010/75/EU of the European Parliament and the Council on industrial emissions (integrated
pollution prevention and control) (Recast).

This BAT reference document f@ommon Waste Gas Management aneafiment Systems in

the Chemical Sectdorms part of a series presenting the results of an exchange of information
between EU Member States, the industries concerned;gov@rnmental organisations
promoting environmental protection and the Commissiondreawv up, review andwhere
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 Diréee, the Commission Implementing Decision
2022/2427/EU on the BAT conclusions contained in Chapter 4 was adopd&dl12/2022and
published on 1/22/2022.

2. Participants in the information exchange

As required in Article 13(3) of the Directive, tt@ommission has established a forum to
promote the exchange of information, which is composed of representatives from Member
States, the industries concerned and-g@vernmental organisations promoting environmental
protection (Commission Decision of 16 M&011 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 techoikatg 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 tement systems used within the chemical industry.

Chapter 2 provides data and information concerning the environmental performance of
installations within the seatpandin operationat the time of writig, in terms of current
emissionlevels. In particular, this chapter describes the main techniques used to reduce
emissions to air and the associated emission levels.

Chapter3 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 deermining 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 andsthediaos
issues associated with the techniques.

10J L 318, 12.12.2022, p. 157
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Chapterd presents the BAT conclusions as defined in Article 3(12) of the Directive.

Chapter 5 does not include anynformation on éemerging techniquésas defined in
Article 3(14)(no exchange oinformationtook place on this topic)

Concluding remarks and recommendationdtiture work are presented in Chapser

4. Information sources and the derivation of BAT

This document is based on information collected from a number of sourcesyticular
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) whbdedork on determining

Best Available TechniqueBAT), 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 establishedbuyh an iterative process involving the
following steps:

1 identification of the key environmental issues for the sector;
1 examination of the techniqgues most relevant to address these key issues;
1 identificationof the best environmental performance levels, on the basis of the available

data in the European Union and worldwide;

1 examination of the conditions under which these environmental performance levels were
achieved, such as costs, crosadia effects, anthe main driving forces involved in the
implementation of the techniques;

1 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 Anex Il 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 tleipdess of the
techniques presented in Chap8eiThese data give a rough indication of the magnitude of the
costs and benefits. However, the actual costs anditseokapplying 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 drawfrom 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 iatgousiynt
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.

ii Waste Gas Management and Treatment Systems in the Chemical Sector
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Contact information

All comments and suggestions should be made to the European IPPC Bureau at the Joint
Research Centre (JRC) at the following address:
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JRC Directorate B Fair and Sustainable Economy
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Edificio Expo

c/Inca Garcilaso, 3

E-41092 Seville, Spain

Telephone: +34 95 4488 284

E-mail: JRGB5-EIPPCB@ec.europa.eu
Internet:http://eippcb.jrc.ec.europa.eu
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Scope

SCOPE

This BREF concerns the following activity specified in Annex | to Direc?®&0/75/EU:
4. Chemical industry(i.e. all production processes included in the categoriestofities listed
in points 4.1 to 4.6 of Annex |, 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 ahlorine, 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 tha&al 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 dinitrotoluankjene diisocyanate
from toluene diamine, methylene diphenyl diamine from aniline, methylene diphenyl
diisocyanate from methylene diphenyl diamine;

1 ethylene dichloride (EDC) and vinyl chloride monomer (VCM);
1 hydrogen peroxide.

=A =4 =4 =4 =4

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

However, channelled emissions to air of nitrogen oxidesxjNadd carbon monoxide (CO)
from thermal treatment of waste gases (i.e. using thermal or catalytic oxidation) originating
from the afeementioned 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 asslifurates);
hydrofluoric acid;

inorganic phosphates;

nitric acid;

nitrogen, phosphorusor potassiunbased fertilisers (simple or compound fertilisers);
phosphoric acid;

=8 =4 =4 =4 =4 =4 -4 -4 —-a - - —oa a8
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Scope

precipitated calcium carbonate;
sodium carbonate (i.e. soda ash);
sodium chlorate;

sodium silicate;

sulphuric acid,;

synthetic amorphous silica;

titanium dioxide and related products;
urea,;

ureaammonium nitrate.

= =4 -4 -4 a8 -—a _—a -2 -2

This may be covered by tHBREFs for the Production ofdrge 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. Emissiondo 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 Europeanlidment and of the
Councif.

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

1 Process furnaces/heaters used in lower olefins, ethylene dichloride and/or vinyl chloride
monomer production referred to in point 2 above. This is covieyetthe 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 &adidling of liquids, liquefied gases and
solids, where these are not directly associated with the activity specified in Annex | to
Directive2010/75/EU: 4Chemical industry.This may be covered by the BREF for
Emissions from Storage (EFS).

However, emisions to air from the storage, transfer and handlidigjoids, liqguefied gases
and solidsare included in the scope of this BREF when these processes are directly
associated with the chemical production proesspecified 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
ChemicalSector (CWW) is complementary for the activdtisovered by this BREF.

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

1 Production of Chloalkali (CAK);

1 Manufacture of Large Volume Inorganic Chemical®\mmonia, Acids and Fertilisers
(LVIC-AAF);

Manufacture of Large Volume Inorganic Chemicals 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 Inorganichemicals (SIC);
Refining of Mineral Oil and Gas (REF);

Economics and Crosnedia Effects (ECM);

Emissions from Storage (EFS);

Energy Efficiency (ENE);

Industrial Cooling Systems (ICS);

Large Combustion Plants (LCP);

Monitoring of Emissions to Air and Wat&om IED installations (ROM);
Waste Incineration (WI);

Waste Treatment (WT).

=

= =4 =4 =4 =4 4 4 —a - A —a a8

The scope othis BREF doesot include matters that only concern safety in the workplace or
the safety of products because these matters are not covered byik&ial Emgsions
Directive (2010/75/EU They are discussed only where they affect matters within the scope of
theIndustrial Emissions Directive (2010/75/EU
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Chapter 1

1 GENERAL INFORMATION

1.1 The chemical industry in Europe

1.1.1 Industrial and economic development

The EU chemical industry providessignificant 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 economyigurel.l shows that the EA27 and United Kingdom
chemical industry registered a significant trade surplus in the lastddeaepresenting
EUR 47.3billion in 2016 (the production of pharmaceuticals is not inclufidd)CEFIC 2019.
Including the production of pharmaceuticals, Eig trade surplus amounts to EBR.7billion

[ 27, Eurostat 2018

Extra-EU'" chemicals and related pruductam trade balance

160
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a0
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

mmm Extra-EU trade balance e Extra-EU Exports Extra-EU Imports

EUR billions
g

(Y EU refers to ELR7 and UK
(3 Excluding pharmaceuticals.
Source[ 45, EIPPCB 2018 bhased on data frofd, CEFIC 2018

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

Figurel.2 shows that thechemical market in Europe and the United Kingdom grew
continuously from 1996 to 201@nd decreased W% in 2016). In 2016, the total chemical
sales (excluding pharmaceutigpl in the EU27 and United Kingdom amounted to
EUR507billion. With 15.1% of the global sales in terms of value, the chemical industry in
Europe and the United Kingdom ranks secdotiowed by the United States (144, but after
China which holds theop ranking in sales (39%) [ 4, CEFIC 201§.
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EU! share of global chemicals? market
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Figure 1.2: EU share of global markets

The chemical sectdn the EU27 and UnitedKingdom 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%) between 2015 and 2014, CEFIC 2018.

As shown inFigure1.3, the production of organic chemicascounts for the largest number of
chemical installations, followed by the production of inorganic chemicals and pharmaceuticals.

Number of installations by main chemical activity (total: 5085)

3140

3000 -
2500
2000 -

1500 -

1056

1000 -
540
500 4
151 116 82
o ‘ , [ , || ‘ , —
41 42 43

a4 45 46

Numberof chemical installations

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

The share rises to 82%, or EUR 419 billion, when including Spain, the United Kingdom and
Belgium. The remaining EU Member States accounted for%704 European chemical sales

in 2016, valued at EUR 88 bhillion. Poland and Austria are the two largest contributors to that
Member States bloc.

EU! chemical sales? by geographic breakdown (2016)

(M) EU refersto EU-27 and UK.
(3 Excluding pharmaceuticals.
Source[ 45, EIPPCB 2018 based on data frofd, 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.

Number of installations by country (total: 5085)

1800
1706

5
=]

Number of chemical installations
@
o
a

@
=]
a

404 393 401
400

244
230 s00
200 149

106 99 97 83 78

Source[ 8, DG ENV 2015 ]
Figure 1.5: Number of chemical installations in the 14op 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 (KE[|)6, DG ENV 2015]]

a. environmentalelevance 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 spreawtribution
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 BAFAELSs 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 defimfi&kls:
| the availability of emission data;
1 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 Staok@8ohvention, greenhouse gases as
listed in Annex Il to Directive 2003/87/EC, ozedepleting 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,EIPPCB2017 }

1 substanes 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);
greenhousegases: nitrous oxide;
ozonedepleting substances: tetrachloromethane;

volatile organic compounds (VOCs): 1,3butadiene, chloromethane, dichloromethane,
ethylene dichloride, ethylene oxide, formaldehyde, propylene oxide, toluene,
trichloromethane and vinghloride monomer;

1 other gases: ammonia, carbon disulphide, elemental chlorine, gaseous chlorides, gaseous
fluorides, hydrogen sulphide and hydrogen cyanide.

= =4 4 A

Most of the data presented in this section were taken from the European Pollutant Release and
Trarsfer Register (PRTR) which covers large industrial installations. It also includes fugitive
and nonrfugitive emissions to air from industrial faciliti€®, EPRTR 2018 ]

The EPRTR contains annual data (releases to air, water and land as welkis ttinsfers of
waste and pollutants in waste water) reported by more th@0@thdustrial facilites, covering

65 economic activities within 9 industrial sectors. The definition of the chemical industry in the
E-PRTR is the same as in the Directijv@5, EU 2010 ] However, theE-PRTR only lists the
main |IED activity of each facility, so any other potential IED activities of the facility

Waste Gas Management and Treatment Systems in the Chemical Sector 5



Chapter 1

including otherchemical activitie§ are not listed. Installations do not report their emissions to
the EPRTR if those emissions are beltve EPRTR reporting threshold.

Out of the 21571 facilities of the dataset referring to emissions to air from th&EEnd
United Kingdom plusNorway and Serbia in 2016,4B7 eported chemical production as their
main activity[ 9, E-PRTR,2018]. Figurel.6 gives an overview of emissions to air reported by
those facilities.
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* PCDD + PCDF total quantity: 24 I-TEQ/year.
Source[ 45, EIPPCB 2018 based on data frof@, 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.in the case of nitrogen oxides and NMVOCs, to lower orders

of magnitude between one kilotonne and one megatonne per year, e.g. in thebeazemdé or
chlorine and its inorganic compounds, or even lower down to a gram, e.g. in the case of dioxins
ard 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 tRRER reporting
threshold is often not met by the chemical industry.

The EPRTR does not include all relevant pollutants listed in Annex Il to the Directive

[ 25,EU 2010], in particular some substanoghich have been proved to possess carcinogenic
or mutagenic properties or properties which may be toxic for reproduction, e.g. formaldehyde or
1,3butadiene. However, information was made regionally available for some polluting
substances (see Sectidn2.6.2 1.2.6.8and1.2.6.9.

6 Waste Gas Management and Treatment Systems in the Chemic&éctor



Chapter 1

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 establisheshiasaithstandards
and objectives for paltants in ambient air:

1 Limit values for benzene, carbon monoxide, dusts as fine particless([eMparticulate
matter (PMo), lead, nitrogen dioxide and sulphur dioxide.

1 Target values for arsenic, cadmium, nickel, ozone and polycyclic aronyatiocarbons
(PAHSs). Groundevel 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 theretoreolled 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 showrigmrel.7. In 2016,
174installations of the chemical industry emitted around 100 kilotonnes of nitrogen oxides to
air, representing 5.% of the total amount of nitrogen oxides emitted to air by all installations
covered by the PRTR. The largest sharof nitrogen oxide emissions originated from the
energy sector. Within the chemical industry, the production of basic organic chemicals was
responsible for almost 8% of all nitrogen oxide emissions.

Total nitrogen oxides (NO,/NO,) emissionsinto air (1857 kt)

Waste and waste water management (231)
2.9%

Production and processing of metals (161)

535 Paper and wood production processing (201)

4.3%

Animal and vegetable products from the food
and beverage sector (50)
259%

‘Mineral industry (560} Other activities (11)
16.8% 01%

4.3 PNK-
fertilizers (24)
0.8%

___—Chemicalindustry (174)
5.4%

Energy sector (1038) 4.1 Organic
61.3% chemicals (88)
3.1%

4.5 Pharmaceutical products (3)
0.0%

Source[ 45, EIPPCB 2018 based on data frofr®, EPRTR 2018 ]

Figure 1.7: Emissions of nitrogen oxides to aiby industrial sector/activity in Europe 2016 (EU27
and UK)

NOx emissions fromall 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 showhigarel.8. In 2016,

8linstallations of the chemical industry emitted around 65 kilotonnasilphur oxides to air,
representing 3.80 of the total amount of sulphur oxides emitted to air by all installations
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covered by the fPRTR. The largest share of sulphur oxide emissions originated from the
energy sector. Within the chemical industry, thedpigiion of basic organic and inorganic
chemicals were together responsible for approximateBt @6 all sulphur oxide emissions.

Production and processing of metals (104)

Source[ 45, EIPPCB 2018 based on data frof®, E-PRTR 2018 ]

Total sulphur oxides (50,/S0,) emissionsinto air (1710 kt)

Mineral industry (204)

5.1%

Waste and waste water management (6)
0.1%

Paper and wood production processing (35)
0.9%

Animal and vegetable products from the

food and beverage sector (40)
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Other activities (6)
0.2%

43 PNK-fertilizers (5)
0.2%

— Chemical industry (81)
3.8%

4.1 Organic chemicals (40)
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Figure 1.8: Emissions of sulphur oxides to air by industrial sector/activity

SO« 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 shovigurel.9. In 2016,
28installations of the chemical industry emitted around 4.6 kilotonh@anticulate matter to

air, representing 5.% of the total amount of particulate matter emitted to air by all installations
covered by the PRTR. The largest share of particulate matter emissions originated from the
energy sector. Within the chemicalurstry, the production of NPK fertilisers was responsible
for approximately 504 of all particulate matter emissions.
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Total particulate matter (PM,,) emissionsinto air (87 kt)

Mineral industry (51)
70%

Waste and waste water management (3)
0.2%

Paper and wood production processing(51)
B5%

Production and processing of metals (57)
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aquaculture (18)
1.4%

Animal and vegetable products from the
food and beverage sector (12)
17%

Other activities (1)
0.1%

Chemical industry (28)
53%

4.1 Organic
chemicals (8)

Energy sector (174} 1.0%

48.8%

Source[ 45, EIPPCB 2018 hased on data frofr@, 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 themission reduction commitments established by Directive 2016/2284.

1.2.24 Carbon monoxide (CO)

Emissions of carbon monoxide to air by industrial sector are showigimel.10. In 2016,

38installations of the chemical industry emitted around 127 kilotonnes of carbon monoxide to
air, representing 4.% of the total amount of carbon monoxide emitted to air by all installations
covered by the FPRTR. The largest share ofrban monoxide emissions originated from the
production and processimgj metals. Within the chemical industry, the production of inorganic

chemicals was responsible for approximatel& 0f all carbon monoxide emissions.

Total carbon monoxide (CO) emissions into air (2945 kt)

Waste and waste water management (5)
0.4%

Paper and wood production processing (33)
1.5%

Animal and vegetable products from the
food and beverage sector(9)
0.2%
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0.0%
Mineral
industry (164)
12.1%

Chemical industry (38)
Production and 4.3%
processing of
metals (23)
67.9%

Energy sector (165) 4.1 Organic
13.5% chemicals (16}
1.1%

Source[ 45, EIPPCB 2018 hased on data frofr@, EEPRTR 2018 ]

4.3 PNK-fertilizers (3)

0.1%

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

Emissions of benzene to air by industrial sector are showrFigurel.11l. In 2016,
32installations of the chemical industry emitted around t®ribes of benzene to air,
representing 22.% of the total amount of benzene emitted to air by all installations colgred

the EPRTR. 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.

Total benzene emissions into air (3 kt)

Mineral industry (181)
7.2%

Paper and wood production processing (34)
0.7%

Production and processing of metals (13)
11.3%

Waste and waste water management (52)
0.3%

Animal and vegetable products from the
food and beverage sector (18)
0.1%

Chemical industry (32) Other a;tli\;ties(l)

B2 4.1 Organic
Energy sector (58) chemicals
57.9% 133% 4.3 PNK-fertilizers
0.1%

4.5 Pharmaceutical products
0.0%

Source[ 45, EIPPCB 2018 hased on data frofr@, E-PRTR 2018 ]

Figure 1.11: Emissions of benzen¢o 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 shdviguie1.12. In

2016, 3installations of the chemical industry emitted arounkild&donnes of lead and its
compounds to air, representing %8of the total amount of lead and its compounds emitted to
air by all installations covered by theRRTR. The largest share of essions 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 approximaely 80
of the emissions of lead and its compounds.
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Total lead and compounds (as Pb) emissionsinto air (285 t)

Mineral industry (13) ‘Waste and waste water management (2)
19% 0.5%

Paper and wood production processing (10)
2.1%
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0.1%
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0.2%
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processing of
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73.2%

4.6 Explosives (1)
0.1%

Chemical industry (3) —

1.8%

4.1 Organic

Energy sector (34) chemicals (1)
204% 1.5%

Source[ 45, EIPPCB 2018 based on data frofr@, E-PRTR 2018 ]

Figure 1.122 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 shdviguire1.13. In
2016, lOnstallations of the chemical industry emitted around 2.7 @snof nickel and its

compounds to air, representing %8of the total amount of nickel and its compounds emitted to
air by all installations covered by theHRTR. The largest share of emissions of nickel and its

compounds originated from the energy secWithin the chemical industry, the production of
organic and inorganic chemicals was responsible for approximateély &the emissions of
nickel and its compounds.

Total nickel and compounds (as Ni) emissionsinto air (153 t)

‘Waste and waste water management (11)

Mineral industry (26). 0.8%

27%

Paper and wood production processing (25)
3.9%

Animal and vegetable products from the
food and beverage sector (5]
0.4%

4.2 Inorganic chemicals (4]
0.2%

Production and
processing
of metals (84)
19.3%

Other activities (2)
0.1%

Chemical industry (10)
1.8%

4.1 Organic
chemicals (5)
1.3%

Energy sector [166)
71.0%

Source[ 45, EIPPCB 2018 hased on data frofr@, E-PRTR 2018 ]

Figure 1.13: Emissions of nickel andts 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 techniquesaaghweedipplication
of best environmental practices.

Parties must take measures to reduce unintentional releases of chemicals listed und&€ Annex
with the goal of continuing minimisation and, whéeasible, ultimate elimination of targeted
chemicals. Thse include polychlorinated dibenpalioxins (PCDDs) and polychlorinated
dibenzofurans (PCDFs), polychlorinated biphenyls (PCBs) and diikeirPCBs among other
chemicals.

Emissions to air of Stockholm Convention substances are outside the scopedoftiment
except for PCDD/F.

1.2.3.1 PCDD/F (dioxins and furans)

Emissions of PCDD/F to air by industrial sector are shownFigurel.14. In 2016,

8 installations of the chemical industry emitted around) ZEQ of PCDD/F to air, representing
1.5% of the total amount of PCDD/F emitted to air by all installations coveredebig BRTR.

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 tha®®6f the emissions of PCDB.

Total PCDD + PCDF (dioxins + furans) emissions into air (1.4 kg I-TEQ)

Waste and waste water management (11}
0.3%

Mineral industry (26)
0.2%
Paper and wood production processing (25)
2.7%

Animal and vegetable products from the
food and beverage sector (5)
0.0%

Other activities (2)

4.3 PMK-fertilizers (1)

0.0%
Production and processing of metals (84)

45.6%

Chem\:a\ industry (8) 4.1 Organic

4.2 Inorganic chemicals (4)
0.0%
Energy sector (166)
49.6%

Source[ 45, EIPPCB 2018 based on data frofr@, 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 Directivg 25, EU 2010 ] the permit shall not include an
emission limit value for direct emissions of greenhouse gas originating from actigiigesin
Annex | to Directive 2003/87/ECgfeenhouse gas emission allowance trading scheme)
Consequently, BAJAELs may not be set fothe following activities in this document as
regards greenhouse gas emissions:

1 the production of adipic acid, glyoxal and glyoxylic acid;

12 Waste Gas Management and Treatment Systems in the Chemic&éctor



Chapter 1

1 the production of bulk organic chemicdig cracking, reforming partial or full oxidation
or by similar processes with a production capacity exceeding 100 tonnes per day;

1 the production of hydrogen and synthesis gas by reforming or partial oxidation with a
production capacity exceeding 25 tonpes day.

Substances listed as greenhouse gases in Directive 2003/87/EC, other than nitrous oxide, are
outside the scope of this documést EIPPCB 2017.]

1.241 Nitrous oxide (N20O)

Emissions of nitrous oxide to air by industrial sector are showfigarel.15. In 2016,
80installations of the chemical industry emitted around 20 kilotonnes of nitrous oxide to air,
representing 4%o of the total amount of nitrous oxide emitted to air by all installations covered
by the EPRTR. The largest share of nitrous oxide emissionginated from the chemical
industry. A major part of these emissions is outside the scope of this documenthée.g.
production of NPK fertilisels Within the chemical industry, the production of organic
chemicals and the productidMPK fertiliserswere responsible for more than &) of nitrous
oxide emissions.

Total Nitrous oxide (N,O) emissions into air (46 kt)

Intensive livestock production and
aquaculture (27)
3.0%

Paper and wood production processing (41)

3.3% Animal and vegetable products from the

food and beverage sectar (7)
05%

Waste and waste water management {119)

Other activities (2)
11.2%

0.2%

Mineral industry (30).
2.9%

Production and processing of metals (10) 4
0.9%

N 2.3 PNK-fertilizers
(25}
19.1%

Chemical industry (80)

43.0% 4.1 Organic

Energy sector (284) chemicals [32)
35.1% 16.5%

4.5 Pharmaceutical
products (2)
0.1%

Source[ 45, EIPPCB 2018 based on data frofr@, EEPRTR 2018 ]

Figure 1.15. Emissions of nitrous oxde to air by industrial sector/activity

1.2.5 Ozone-depleting substances

Ozonedepleting 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 fochemical processes (Article 7) and as process agentis|€¢A8). Controlled
substances were produced in 2015 almost exclusively for feedstock use inside the EU or as an
unintended byproduct, which is subsequently destroyed. Unlike the other ozone depleting
substances, tetrachloromethamenains an importarissue, globally and in the EU, and was
included in the data collection.
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1251 Tetrachloromethane (CCls)

Emissions oftetrachloromethanto air by industrial sector are shownkigurel.16. In 2016,
1linstallations of the chemical industry emitted around 20 tonnes of tetrachloromethane to air,
representing 96.% of the total amount of tetrachloromethane emitted to air by all installations
covered by the PRTR. Thdargest share of tetrachloromethane emissions originated from the
chemical industryWithin the chemical industry, the production of organic chemicals was
responsible for more than 90 of tetrachloromethane emissions.

Total tetrachloromethane (TCM) emissions into air (21 t)

Energy se:tw(l]» Chemical industry (11}
96.5%

3.5%

4.2 Inorganic chemicals (2)
7.6%

Source[ 45, EIPPCB 2018 based on data frofr@, EEPRTR 2018 ]

Figure 1.16. Emissions of tetrachloranethane to air by industrial sector/activity

1.2.6 Other organic substances
1.26.1 Volatile organic compounds (VOCs)

Emissions ofvolatile organic compounds air byindustrial sector are shown kigurel.17. In
2016, 177nstallations of the chemical industry sector emitted arounkil@@nnes of volatile
organic compounds to air, representing P6.70f the total amount of volatile organic
communds emitted to air by all installations covered by thRRFRER (where the reporting
threshold for NMVOC is 10@yr). Half of the emissions of volatile organic compounds
originated from the energy sector and the chemical industry. Within the chemicstiryndie
production of organic chemicals and the productiompludirmaceuticals were responsible for
more than 896 of volatile organic compounds emissions.
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Total non-methane volatile organic compounds (NMVOC) emissionsinto air (434 kt)

Animal and vegetable products from the
food and beverage sector (37)
3.8%

Paper and wood production processing (78).
8.0%

4.2 Inorganic chemicals (7)
20%
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chemicals (126)

10.9%

- Chemical industry (177)

Production and processing of metals (59)

4.6 Explosives (2)
01%

Energy sector (175)
35.8%

Source[ 45, EIPPCB 2018 pased on data frofrd, E-PRTR 2018 ]

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

1.2.6.2 Formaldehyde

Formaldehyde is not in included in the list 6PRTR pollutants, but is included in Annk:xto
the Directive] 25, EU 2010 because of its carcinogenic properf{id®, ECHA 2019 ]

Formaldehyde is one of the orda substance most frequently measured in Germany
[37,UBA 2016 ] Emissions to air are measured in the production of organic chemicals, and
more particularly, the production pfastic materials.

Formaldehyde emissions are also reported from industrial sites, including chemical installations,
in Belgium[ 29, FluxSense 2010[28, FluxSense 2016 ]

1 Port of Antwerp (21 sites): 64g formaldehyde/h;
1 Zwijndrecht (7 sites): kg formaldehyde/h.

The data indicate that emissions of this substance seemed to be in a similar r@hfe to
substances reported in thePRTR such as benzene (see Sedi@®.5 and ethylene oxide
(see Section.2.6.7.

1.2.6.3 Vinyl chloride

Emissions ofvinyl chloride to air by industrial sector are shown kigurel.18. In 2016,
3linstallaions of the chemical industry emitted around 500 tonnes of vinyl chloride to air,
representing 94.% of the total amount of vinyl chloride emitted to air by all installations
covered by the fPRTR. The largest share of vinyl chloride emissions originatat 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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Total vinyl chloride emissionsinto air (529 t)

Waste and waste water management (2)
2.5%

4.1 Organic
chemicals (30)

Chemical industry {31} - 92.8%
94.8%

4.3 PNK-fertilizers (1)
2.1%

Eneray sector (2)
27%

Source[ 45, EIPPCB 2018 hased on data frofr@, E-PRTR 2018 ]

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

1.2.6.4 Ethylene dichloride (EDC)

Emissions ofethylene dichloridgo air by industrial sector are shownhkigurel.19. In 2016,
21installations of the chemical industry emitted around 365 tonnes of ethylene dichloride to air,
representing 48.% of the total amount of ethylene dichloride emitted to airlbinstallations
covered by the FPRTR. 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 emissisn

Total 1,2-dichloroethane (DCE) emissionsinto air (751 t)

4.1 Organic chemicals (17)
46.6%

Waste and waste water
management (1)

Chemical industry (21}

49.5% A

4.5 Pharmaceutical products (1) 4.3 Inorganic chemicals (1)

Energy sector (2) 03%
19%

4.4 Plant protection products/biocides (1)

0.4% 4.3 PNK-fertilizers (1)
09%

Source[ 45, EIPPCB 2018 hased on data frofr@, E-PRTR 2018 ]

Figure 1.19: Emissions of ethylenalichloride to air by industrial sector/activity
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1.2.6.5 Dichloromethane (DCM)

Emissions ofdichloromethando air by industrial sector are shown kigurel1.20. In 2016,
78installations of the chemical industry emitted around 2.8 tonnes of dichloromethane to air,
representing 9% of the total amount of dichloromethane emitted to air by all installations
covered by the PRTR. The largest share of dichloromethane emissaiginated from the
chemical industry. Within the chemical industry, the production of pharmaceuticals was
responsible for 6%6 of dichloromethane emissions.

Total dichloromethane (DCM) emissions into air (3 kt)

Other activities (4]
3.8%

Chemical industry (78) )
Production and processing of metals (6) 92 0% 4.5 P?’:’rmaCrul;cal
products (45!

3.8%
B5.2%

Energy sector (3)

0.4% /

Source[ 45, EIPPCB 2018 hased on data frof®, EPRTR 2018 ]

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

1.2.6.6 Trichloromethane

Emissions oftrichloromethaneo air by industrial sector are shown kigurel.21. In 2016,
20installations of the chemical industry emitted around 120 tonnes of trichloromethane to air,
representing 86.% of the total amount of trichloromethane emitted to air bynaliallations
covered by the PRTR. The largest shad trichloromethane emissions originated from the
chemical industry. Within the chemical industry, the production of organic chemicals was
responsible for 706 of trichloromethane emissions.
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Total trichloromethane emissions into air (140 t)

4.1 Organic chemicals (8)
60.8%

Paper and wood
production processing(4).
136% Chemical industry (20)

86.4%

4.5 Pharmaceutical
products (10)
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- =

4.2 Inorganic chemicals (1)
10%
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Source[ 45, EIPPCB 2018 based on data frofr®, EEPRTR 2018 ]

Figure 1.21: Emissions oftrichloromethane to air by industrial sector/activity

1.2.6.7 Ethylene oxide

Emissions ofethylene oxideto air by industrial sector are shown kigurel.22. In 2016,

two installations of the chemical industry emitted arounda2®es of ethylene oxide to air,
representing 93.% of the total amount of ethylene oxide emitted to air by all installations
covered by the fPRTR. Those two installations belong to the sectoorginic 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 gadrtrent, the measured ethylene
oxide emissions to air are far below thePRTR threshold of D00kg/year. Allreported
measurements of emissions to air of were carried out in the sectors of organic chemicals and
production of plastic materials.
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Total ethylene oxide emissionsinto air (23 t)

4.1 Organic
| chemicals (2)
Other asc(_’::;(-es (1) Chemical industry (2) e
5 93.3%

Source[ 45, EIPPCB 2018 based on data frofr@, E-PRTR 2018 ]

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

1.2.6.8 Toluene
Tolueneis not in included in the list of PRTR pollutants.

Toluene is one of the organic substances most frequently measured in Germany,
[ 37,UBA 2016 ] All reported measurements 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-Butadieneis not in included in the list of PRTR pollutants, but is included in Annkixo
the Directive [ 25, EU 2010 ]because of its carcinogenic and mutagenic praserti
[11,ECHA2019]

France[ 30, FR 2017 Jreported emissions of 75t6nnes of 1,dutadiene in 208 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-HyBadiene and the emissions of other CMR
substances reported in thePRTR like bemene (see Sectidn2.2.5 and ethylene oxide (see
Sectionl.2.6.7 seem to be in a similar range.

1.2.7 Other gases
1.2.7.1 Ammonia (NHs)
Emissions ofammoniato air by industrial sector are shown Higurel.23. In 2016,

90installations of the chemical industry emitted around 21 kilotonnes of ammonia to air,
representing 9.% of the total amount of ammonia emitted to air by all installations covered by
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the EPRTR. The largesshare of ammonia emissions originated from intensive livestock
production and aquaculturé&n important part of these emissions is outside the scope of this
document (e.ghe production of NPK fertilisersWithin the chemical industry, the production

of organic chemicals and the productior\#K fertiliserswere responsible for more than &0

of ammonia emissions.

Total ammonia (NH;) emissions into air (223 kt)

Animal and vegetable products from the
food and beverage sector (18)
0.2%

Other activities (1)
0.0%

Intensive livestock / 4.3 PNK-fertilizers
production and 29)
aquaculture (6625) Chemical 3.9%

81.7% industry (90)

97%

4.5 Pharmaceutical products (1)
0.0%

4.1 Organicchemicals(32)
08%

Energy sector (58)
11%

Production and processing of metals (13)
03%

Mineral industry (181)
4.1%

‘Waste and waste water management (52)
14%

Paper and wood production processing(34)
14%

Source[ 45, EIPPCB 2018 based on data frofr®, EEPRTR 2018 ]

Figure 1.23: Emissions of ammonia taair 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 ofgaseoushloridesto air by industrial sector are shown kigurel.24. In 2016,
13installations of the chemical industry emitted around 600 tonnes of gaseous chlorides to a
representing 2.60 of the total amount of gaseous chlorides emitted to air by all installations
covered by the fPRTR. The largest share of gaseous chlorides emissions originated from the
energy sector. Within the chemical industry, the production rgfardc chemicals was
responsible for more than %0 of gaseous chlorides emissions.
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Total chlorine and inorganiccompounds (as HCI) emissions into air (23 kt)
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Source[ 45, EIPPCB 2018 based on data frof®, E-PRTR 2018 ]

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

1.2.7.3 Gaseous fluorides

Emissions ofgaseous fluorideto air by industrial sector are shown kigurel.25. In 2016,
8installations 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 PRTR. The largest share of gasis fluorides emissions originated from the
energy sector. Within the chemical industry, the production of inorganic chemicals was
responsible for almost 8@ of gaseous fluorides emissions.

Total fluorine and inorganic compounds (as HF) emissions into air (4 kt)

Paper and wood production processing (3)
0.8%

Production and processing of .
metals (29) . Mineral
26.5% industry (43)
12.5%

Chemical industry (8)
3.2%

4.1 Organicchemicals(l)
0.1%

Energy sector (102)
57.0%

Source[ 45, EIPPCB 2018 based on data frofr®, EEPRTR 2018 ]

Figure 1.25. Emissions of gaseous flrides to air by industrial sector/activity

1.2.7.4 Hydrogen cyanide (HCN)

Emissions ofhydrogen cyanid¢o air by industrial sector are shown kigure1.26. In 2016,
1linstallations of the chemical industry emitted around 38 tonnes of hydrogen cyanide to air,
representing 19.% of the total amount of hydrogen cyanide emitted to air by akliatibns
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covered by the fPRTR. 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 8@ of hydrogen cyanide emissions.

Total hydrogen cyanide (HCN) emissionsinto air (193 t)

Production and processing of metals (18]
13.3%

Mineral industry (12)
B8.8%

Other activities (1)
0.1%

Chemical industry (11) 4.1 Organic

19.7%
Energy sector [13)
58.1%
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0.5%

Source[ 45, EIPPCB 2018 based on data frofr9, EEPRTR 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 characteristicand 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 primtegsatedechniques to
prevent or reduce emissions and type ofefidipe treatment.

Waste gas streams can be roughly divided into ducted (channelled) addated (diffuse)
emissions. Capturing diffuse emissions and subsequent treatment can often be cained ou
order to minimise pollution.

Emissions to air in the chemical industry include the following:

1 Channellecemissions, such as:

0 process emissions released through a vent pipe by process equipment and inherent
to the running of the plant;

0 flue-gasesfrom energyproviding units, such as process furnaces, steam boilers,
combined heat and power units, gas turbines and gas engines;

0 waste gases from emission control equipment, such as filters, incinerators/oxidisers
or adsorbers, likely to contain unabateallutants or pollutants generated in the
abatement system;

0 tail gases from reaction vessels and condensers;
0 waste gases from catalyst or solvent regeneration;

0 waste gases from vents, storage and handling (transfers, loading and unloading) of
products, rev materials and intermediates;

0 exhaust air from vents or captured diffuse emissions, e.g. sources of diffuse
emissions installed within an enclosure or a building.

1 Diffuse emissions arising from point, linear, surface or volume soyr&sCEFIC
2000], such as:

0 process emissions from the process equipment inherent in running the plant,
released from a | arge surface or thro
G br eat hiwhenndt captwes andl channelled);

o] nonchannelled emissions from storage equipment and during handling operations
(e.g. the filling of drums, trucks or containers);

0 nonroutine emissions resulting from other than normal operating conditions
(OTNOC) includng emissions during stamp or shutdown and during
maintenance;

0 secondary emissions resulting from the handling or disposal of waste (e.g. volatile
material from sewers, waste water handling facilities or cooling water);

0 fugitive emissions, typically du® 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 Ig general
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:

i Periodic monitang (monitoring carpaigns), 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 ofOCs emitted.

1 A quality assurance system (product certification, assembly procedures, staff training,
etc.).

Depending on the chemicséctor, the share of diffuse emissions in the total emissions may be
significantly higher than the share of channelledssions. France reported that @3of total
NMVOC emissionsin 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 reporteffom calculations based on the data collection,

that the proportion of diffuse and channelled emissions can be estimate@oato8@liffuse
emissions and 1% for channelled emissior[s54, FR 2019 | The share of diffuse emissions

may be even higher for specific substances like benzene, for which diffuse emissions accounted
for 91% of thetotal emissions in 2015, or even -h@tadiene for which 10% of the emissions

were diffuse.

An evduation of total VOC emissions carried out by the Flemish competent authority of
Belgium [ 35, Lucht et al. 2014 $hows that the total VOC emissions in Flanders had been
reduced by 6% in 2012 since the implementation of LDAR programmes according to the
Flemish general binding rules.

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

14.1 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. Themyistdesigned according to the
complexity of the production and based on management deciSiocis.a system consists of:

1 procesdntegrated techniques (see Sectloh.?);
1 endof-pipe treatment (individual and/or central facilities, see Sediér3.

1.4.2 Process-integrated techniques

Advaned environmental protection is shifting more and more fromaodaipe techniques (see
Section 1.4.3 to processntegrated or productieimtegratedtechniques. Processtegrated
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 dischargeOf t en t hese @Gprocess i mproa
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 enebf-pipe treatment can influence this shifiward procesitegrated
techniques. Although the prevention of waste gas, and thus the implementation of-process
integrated techniques, is becoming increasingly significant, waste gas treatrheigues will

remain essential contributors to the control of emissions into the environment, mainly when
processntegrated techniques are not feasible for existing production plants.

Proper procesmtegrated environmental protection uses all possibigsipal, 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 odifferent 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 waterert gases, solvents, and catalysts);
immediate recycling of residues during the process;

use of residues as raw materials for other production processes (product integration on
off-site);

= =4 4 -4 -4 a8 -—a _—a -2 -2

| use of residues for energy generation.

Obviously, the developmerind 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 octsrofihigh economic
value. In practice, productieintegrated environmental protection will progress continuously as
the sum of many individual, and possibly small, improvements over time.
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Though, strictly speaking, proceisgegrated techniques for theduction 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 cerpaitymer production processes (see Sed@idh They

are in any case elements of good management practice and worthy of consideration when
implementirg 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 sourcef-pifgk 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 technigue general are involved in the reduction of:

particulate matter;

vapours of volale liquid substances;
gaseous air contaminants;

odour.

=A =4 =4 =4

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 reson 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 surroundingi as an 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 tcsfrar 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 inTablel.1.

Table 1.1:  Working principles/techniques, pollutant and waste gas volume flow rate
Q
c [%2)
Working 53 E Volume
or -
@) ) — < =~ O 3
principle/ § o| | 2| £| 2 0(5: 2328 | flowrate Reference
technique > 5 S E | (Nm¥h)
< o
@)
Absorption .
. X | X | X | X | X | X X 1-400000 | See Sectio’.3.2.1
(Scrubbing)
Adsorption X | X | X X | X 1-300 000 | See Sectio’.3.2.2
See Sectiony
. 100 3.5.1.3.1 and
Bloprocesses X | X X 500000 |3.5.1.32 in the
CWW BREF
See Sectiony
o 20- 3.5.1.3.7 and
Cold oxidation X | X 200000 |35138 in the
CWW BREF
Condensation X | X | X 1-100 000 | See Sectio3.3.2.5
Dust 720 .
scrubbing + X | + + + + 170000 See Sectio’.3.2.1
Electrostatic 900 .
precipitation 800000 See SectioB.3.2.7
Filtration 2- See Section8.3.2.8
5000000 | 3.3.2.9and3.3.2.10
Gravitational 5-300000 | See SectioB.3.2.6
separation
Membrane See Section 3.5.1.2.
Separation X <3000 in the CWW BREF
. 1500 See Section’.3.2.16
Reduction X 50000 | and3.3.2.17
g\iﬁiﬁ:c or X + X 100 See Section8.3.2.14
L 150000 and3.3.2.15
oxidation
NB: I f a techniqueds primary goal is not the ren
the technique, this is indicated by a 06+6.
Source[ 13, COM 201643, TWG 2021 ]

144

interdependencies

Cross-media effects of waste gas treatments and their

Because of fundamental conservatianws, most treatment technologies can have, in addition to
their purging abilities, negative impacts on the environment. Examples of thesenexias
effects are waste generated by filters (see Secsi@2.8 3.3.2.9and3.3.2.1() andwaste water
generated by scrubbers (see Secti®3.2.). Waste gas oxidation (see in particular
Sectbns3.3.2.14and3.3.2.19 discharges atle-gas containing gaseous contaminants that were
not present in the original input and might require further waste gas treatment. This is briefly
reviewed inTablel.2.
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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.

Table1.2:  Potential effect of waste gas treatment facilities on the environment

Enwronmental Potential effect/emission
medium
1 In principle (and primarily), significant reduction of contamin
emissions.

Air 1 However, VOCscan be converted into flugas contaminants, such
carbon oxides, hydrogen halides, sulphur dioxide, nitrogen oxids
dioxins, in the case of thermal and catalytic oxidation.

1 Absorption (scrubbing) transfers contaminants from the air to the
medium.
Water . .
1 However, some treatment techniques (e.g. scrubbing, -watg
condensation) increase water consumption and waste water genera
1 Generation of sludge from secondary treatment of waste water, in
Waste originating from waste gas treatment
1 Generation of residues from waste gas treatment facilities (e.g. sep
solids, condensed liquid not recycled, spent adsorbent, spent cataly
1 Waste gas treatment facilities normally consume energy.

Other 1 Consumption of auxiliary chemicals (e.g. monia for selective
non-catalytic reduction (SNCR), alkaline agents for scrubk
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 facilitie® iseduce 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 installatgpecific data gathed during the data collection carried
out over the course of the BREF drawimg process (see schedul€eTiable6.1).

Figure2.1 gives an overview of the share of chemical installations in th Ednd United
Kingdom bycategories of activities listed in points 4.1 to 4.6 of Annex | toEi® compared

to the share of questionnaires in the data collection by same chemical aetedtye note that

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

80%

71%

70%

B60%

50%

30%

20%

10%

1%

41 43 44 45 48

W % total number of chemical IED installations in the EU B % total number of questionnaires in the data dollection

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

Figure 2.1: Share of IED installations inEU-27 and UK by IED chemical activity versus share of
questionnaires by IED chemicahctivity

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

1 Identification and description of the plant:
0 plant name, company name, country and city;

o] start of operation (year), substantial chandeaving a significant effect on
emissions to air;

0 description of the waste gas treatment system.
| Channelled emissions to air (emission points):

0 category of IED activity, type of product, type of process, process operating time,
range of production capagit

0 number of associated process furnaces/heaters;

0 other information such as external treatment of channelled emissions.
1 Channelled emissions to air and associated waste gas treatment systems:

0 monitored substances;
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o] type of monitoring (periodic arontinuous);

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 ancbntextual 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 theheiue, 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 technicaeplied.

Particular polymer production: polyolefins, PVC, solutfmslymerised rubbers, viscose:
type of product;

type of process;

processintegrated techniques;

recovery techniques;

specific loads.

Process furnaces/heaters:

o] type of product;

o] type of proess 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:

0 contextual information around the monitoring of diffuemissions to air;

o] annual quantities of diffuse emissions to air.

Fugitive emissions to air:

O O O O o

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 methogs

o] annualquantities of noffugitive emissions to air.
Information on the use of a solvent management plan.
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Figure2.2 gives anoverview of the share of questionnaires in the data collection compared to
the IED chemical installations (for all chemical activities) per country.
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Figure 2.2: Share of IED chemicalinstallations 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 infmation.

Figure2.3 shows the number of questionnaires for the versions containingamdidlential
business information (ne@BI versions), or submitted by email to the EIPPCB for the versions
containing confiéntial business information (CBI versions).
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Figure 2.3: Number of questionnaires submitted by country
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Figure2.4 gives an overview of the number of IED chemical companies by country. The total
number of companies that provii@ noRCBI questionnaire is 353 and the total number of
companies that provided a CBI version is 268.

a0

EnonCBI ECBI

NB: The number of companies per Member State are estimated using the company name prothde
questionnaires. Therefore, the number of companies may be overestimated if the questionnaires p
nonunigue 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 (channelledipadcted (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.%), for CMR substances such as-tiBadieng99.5%) 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

Figure2.5 gives an overview of the number of channelled emission points reported in the
guestionnaires per main IED chemical activity. The total number sums upltb éhanelled
emission points. The data collection covers all IED chemical activities. However, according to
the scope of this BREF, there are fewer questionnaires in the casguoddbetion of inorganic
acids (IED category 4.1a), bases (IED category 4.28)ranquestionnaire 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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Figure 2.5: Number of channelled emission points repded by IED category

Channelled emission points are maimgnitored periodically as show kigure2.6:

=

total number of emission points where periodic monitoring is appli8éd22
total number of emission points where continuous monitoring is applied: 192.

When several substances/parametmes 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 environmeniakues (KEIs) for this BREF. Those emission points do not
appear in the graphs presented in this section.
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Source[ 43, TWG 2021 ]
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Figure 2.6: Number of emission points where periodic or continuous monitoring is applied by IED

category

Figure2.7 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 continaus).
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Nbr of EP (Periodic), Nbr of EP (Continuous)
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Figure 2.7: Production capacity ranges

2.1.2.2 Diffuse emissions to air

For the purposedf he data coll ection on diffuse emissions,
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 retheresonitoring 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 Secti@n 2.4.2.1 2.6 and2.7, the term daunit@ s
have the abovementioned meaning.

Figure2.8 gives an overview of the number of units for which diffuse emissions were collected
per main IED cheiwgal activity (covered by Section 4 of Annex | to the IEDhe total number
sums up to 643 units.
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Figure 2.8: Number of units reported for diffuse emissions by IED category

Figure2.9 gives an overview of the number of units for which fugitive and-fagitive
emissions were collected per main IED chemical activity. The total number sums up to 430
(fugitive) and 239 (noffugitive).
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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 irmmable2.1.

Table2.1:  Waste gas treatment working principles/techniques

Working principle/technique Share of total numter 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% (%)

Reduction (SCR or SNCR) 0.8%

Thermal treatment 9.8%

No waste gas treatment 20.1%

(M The use of membrane separation was reported in one questionnaire for one emissiq
Source[ 43, TWG 2021 ]

For each working principle/technique applied, a specific type could be reported in the
guestionnaireTable2.2 shows the most reported waste gas treatment techniques in the data
collection.

Table2.2:  Most reported waste gas treatment techniques

Technique No of emission points

Packedbed 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 airfilter (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 thensdiened
individual wase 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 increaseeresitisncy

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

reduce emissions to air of inorganic compounds [Qy, SO) 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 KEls
(e.g.monitoring, removal efficiency, concentration and mass flows of emitted pollutants). The
graphs contained in this sectierclusively 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 thgrears 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 Ahhex

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
pl ant sd c har aeanmseflaycut, fype of prloeess gcontinuaus 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 adressed in the following specific sections, the reference mass flow value used to
filter the data shown in the graphs shoul d
reader towards a possible distinction between major and minor emission types.

2.3.2 Organic substances

2321 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 ancentrations of NMVOC significantly differ from concentrations of TVOC.
Thus, the remainder of this document does not differentiate between TVOC and NMVOC.

2.3.211 Sectors

TVOC is typically emitted by a range of different chemical sectors as shown in thiedntofc
Figure2.10.
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NB: 186 operators reported TVOC emissidmmen 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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2.3.21.2 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 ofFigure2.11.

The techniques most commonly applied, alone or in combination, in waste gas treatment
systems of chemical plants are:

1 absorption;
1 adsorption;
1 bioprocess;
1 condensation;
il thermal or catalytic oxidation.
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NB: 131 operators reported TVOC emissions from 471 emission points, applying the common waste gas {|
techniques listed above. For better visualisation, only emission points with concentrations in the r
0-100mg TVOC/Nn and mass flows in the range®b 000g TVOC/h are represented in the scatter plot.
112 emission points are outside both ranges (up to 72 000/@E/Nm? and up to 180 kg TVOC/h).
Source[ 43, TWG 2021 ]

Figure 2.11: TVOC emissions after waste gas treatment
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2.3.21.3 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 pldtigiire2.12.
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NB: 64 operators reported TVOC emissions from 240 emission points, without any prior waste gas treatn
better visualisation, only emission poimtith concentrations in the range 6fl00mg TVOC/Nm? and mass flows ir
the range of 81 000g TVOC/h are represented in the scatter plot.

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

Source[ 43, TWG 2021 ]

Figure 2.12 TVOC emission points with no waste gas treatment

23214 Monitoring

Periodic monitoring is more common thaantinuous monitoring: I58 instances of periodic
monitoring and 117 of continuous monitoring weeported. Typical frequencies for the
periodic monitoring of channelled TVOC emissi@me shown in the bar chartBigure2.13.

Measurement Frequency

Every 3 years
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Twice a year

4 times a year

Others

D

106 200 3600 400 boe 660
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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 imable2.3.

Table 2.3;  Reported limits of quantification and detection for TVOC

Percentile Limit of guantification (mg/Nm?%) Limit of detection (mg/Nmd)
20" 0.5 0.2
50" 1.0 0.5
8oh 3.0 1.6
NB: The numbers of instances reported for the limits of quantification and detection are 495 and 516, resf
Source[ 43, TWG 2021 ]

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

2.3.2.21 Sectors

TVOC containing substances classified as CMR 1A or 1B are typically emitted by chemical
sectors as shown in the bar charFigfure2.14.
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NB: 57 operators reported TVOC emissions, indicating the presence of substances classified as CMR 1A
178 emission points (via tjuestionnaires).
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

2.3.222 Emissions

TVOC containing substances classified as CMR 1A or 1B is generally treated with at least one
waste gas treatment technique. The typical emission level3/OIC containing substances
classified as CMR 1A or 1B after waste gas treatment are shown as caticerdnd mass

flow in the scatter plot dFigure2.15.

The techniques most commonly applied, alone or in combination, in waste gas treatment
systems of chemical plardse:

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
waste gagreatment techniques listed above. For better visualisation, only emission points with concentratior
range of 6100mg TVOC/Nm? and mass flows in the range 66@00g TVOC/h are represented in the scatter p
32 emission points are outside oanges (up to 71 000 mg TVOC/Rand 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

23223 Monitoring

Periodic maitoring is more common than continuoonitoring: 422 instances of periodic
monitoring and 25 of continuous monitoring were reported. Typical frequencies for the
monitoring of channelled emissions of TV@@ntaining substancedassified as CMR 1A or

1B are shown in the bar chartBigure2.16.

Measurement Frequency

Twice a year

Yearly

Every 3 years

4 times a year

Others

@

20 40 60 80 1600

Nbr of measurements

Source[ 43, TWG 2021 ]

Figure 2.16: Reported measurement frequencies fomperiodic 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 T\@@ftaining
substances classified as CMR 1A ordr shown imable2.4.

Table2.4: 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/Nmd)
20" 0.6 0.2
50" 1.6 1.0
8oh 3.3 3.0
NB: The numbers of instances reported for the limits of quantification and detection are 137 and 152, resf
Source[ 43, TWG 2021 ]

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

2.3.231 Sectors

TVOC containing substances classified as CMR 2 is typically emitted by a range of different
chemical sectors as shown in the bar chaRigdire2.17.
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NB: 52 operators reported TVOC emissions, indicating the presence of substances classified as CMR 2,

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

2.3.2.3.2 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

asCMR 2 after waste gas treatment are shown as concentration and mass flow in the scatter plot
of Figure2.18.

The techniques most commonly appliedone or in combination, in waste gas treatment
systems of chemical plants are the following:

absorption;

adsorption;

bioprocess;

condensation;

thermal orcatalyticoxidation.
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NB: 38 operators reported TVOC emissions from 97 emission points (\gaetionnaires), applying the comm
waste gas treatment techniques listed above. For better visualisation, only emission points with concentrati
range of 8100mg TVOC/Nn® are represented in the scatter plot.

17 emission points are outside thasge (up to 4800 mg TVOC/Nm).

Source[ 43, TWG 2021 ]

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

2.3.2.33 Monitoring

Periodic monitoring is more common than continuous monitoring: 254 instances of periodic
monitoring and 24 of continuous amitoring were reported. Typical frequencies for the
monitoring of channelled emissions of TVQ@OGntaining substances classified as CMRre
shown in the bar chart &igure2.19.

Measurement Frequency

Twice a year

Every 3 years

Yearly

4 times a year

Others

@

20 40 66 8@ 100

Nbr of measurements

Source[ 43, TWG 2021 ]

Figure 2.19: Reported measurement frequencies for periodic monitoring of TVOC containing
substances classified as CMR
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Percentiles for reported limits of quantification and limits of detection for T\@OQaining

substances classified as CMRr2 shown imable2.5.

Table2.5: 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/Nm?®)
20" 0.2
50" 0.7 0.3
80" 1.0 1.0
NB: The numbers of instances reported for the limits of quantification and detection are 70 and 93, resp
Source[ 43, TWG 2021 ]

2.3.2.4

2.3.2.41

Benzene

Sectors

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

of Figure2.20.
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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

23242

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 dfigure2.21.

The techniques most commonly applied, alone or in combination, in waste gas treatment
systems of chemical plants are the following:

= =4 -4 —a A

absorption;

adsorption;

bioprocess;

condensation

thermal or catalytioxidation.

Waste Gas Management and Treatment Systems in the Chemical Sector
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NB: 30 operators reported benzene emissions from 47 emission points (via 30 questionnaires) in the data
applying the common waste gas treatrtenhniques listed above. For better visualisation, only emission points
concentrations in the range o6ang CsHs/Nm? are represented in the scatter plot. 4 emission points are outsid
range (up to 317 mgeEls/Nmd).
Source[ 43, TWG 2021 ]

Figure 2.21: Benzene emissions after waste gas treatment

2.3.243 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 pldtigfire2.22.
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NB: 6 operators reported benzene emissions from 13 emission points (via 6 questionnaires), without any p

gas treatment.
Source[ 43, TWG 2021 ]

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

23244 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 cheytie2.23.
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Measurement Frequency

Twice a year

Every 3 years

Yearly

4 times a year

Others

@
w

10 15 20 25 30 35

Nbr of measurements

Source[ 43, TWG 2021 ]

Figure 2.23. Reported measurement frequencies for periodic benzene monitoring

Percentiles for reported limits of quantificatioand limits of detection for benzene
measurements are showriliable2.6.

Table2.6: Reported limits of quantification and detection for benzene

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm?%)
20" 0.01 0.03
50" 0.05 0.05
8a" 0.50 0.16
NB: The numbers of instances reported for the limits of quantification and detection are 92 resg&@ively.
Source[ 43, TWG 2021 ]

2.3.2.5 1,3-Butadiene
2.3.2.51 Sectors

1,3-Butadiene is typically emitted by a range of different chemical sectors as shown in the bar
chart ofFigure2.24.
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NB: 11 operators reported HRitadiene emissions from 20 emission points (via 15 questionnaires).
Source[ 43, TWG 2021 ]

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

1,3-Butadiene is generally treated with at least one waste gas treatment technique. The typical
emission levels of 1;Butadiene after waste gas treatment are shown as concentration and mass
flow in the scatter plot dfigure2.25.

The techniques most commonly applied, alone or in combination, in waste gas treatment
systems of chemical plants are the following:

absorption;

adsorption;

bioprocess;

condensatio;

thermal or catalytic oxidation.
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NB: 7 operators reported iitadiene emissions from 14 emission points (by 11 questionnaires) in th

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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2.3.25.3 Untreated emissions

The typical emission levels of Xitadiene when no waste gas treatment is applied are shown
as concentration and mass flow in the scatter plbigfre2.26.
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NB: 3 operators reported Ritadiene emissions from 3 emission points (via 3 questionnaires), without any
waste gas treatment.
Source[ 43, TWG 2021 ]

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

2.3.254 Monitoring

Only periodic monitoring was reported (45 instances). Typical frequencies for the monitoring of
channelled 1 ®utadiene emissions are shown in the bar chdfigufre2.27.

Measurement Frequency

Every 5 years

@ .

2 4 6 8 1e 12 14 16

Nbr of measurements

Source[ 43, TWG 2021 ]

Figure 2.27: Reported measurement frequencies foperiodic 1,3-butadiene monitoring
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Percentiles for reported limits of quantification and limits of detection forbdt&diene
measurements are shownTiable2.7.

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

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm?3)
20" 0.05 0.05
50h 0.07 0.06
8oh 0.50 0.10
NB: The numbers of instances reported for the limits of quantification and detection are 19 and 26, resg
Source[ 43, TWG 2021 ]

2.3.2.6 Chloromethane
2.3.2.61 Sectors

Chloromethane is typically emitted by a range of different chemical sectors as shown in the bar
chart ofFigure2.28.
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NB: 17 operators reported chloromethane emissions from 33 emission points (via 18 questionnaires).
Source[ 43, TWG 2021 ]
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Figure 2.28 Number of emission points for chloromethane by IED category

2.3.2.6.2 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 Bigure?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 @ catalytic oxidation.

=A =4 =4 =8 =
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NB: 12 operators reported chloromethane emissions from 18 emission points (via 13 questionnaires), apq
common waste gas treatment techniques listed above. For better visualisation, only emission poi
concentrations in the range ofl00mg CHsCI/Nm? are represented in the scatter plot. 3 emission points are o
this range (up to Z00 mgCHsCI/Nm?).
Source[ 43, TWG 2021 ]

Figure 2.29: Chloromethane emissions after waste gassatment

2.3.26.3 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 plBigafre2.30.
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NB: 2 operators reported chloromethane emissions from 2 emission points (via 2 questionnaires), without
waste gas treatment.
Source[ 43, TWG 2021 ]

Figure 2.30: Chloromethane emission points with no waste gas treatment technique
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23.264 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 drguiref2.31.

Measurement Frequency

Twice a year

Yearly

Every 3 years

4 times a year

Others
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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 shownTiable2.8.

Table 2.8: Reported limits of quantification and detection for chloromethane

Percentile Limit of quantification (mg/Nm %) Limit of detection (mg/Nm?®)
20" 0.1 0.04
50" 10.0 2.2
80" 45.0 15.0
NB: The numbers of instances reported forlimits of quantification and detection are 29 and 28, respecti
Source[ 43, TWG 2021 ]
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2.3.2.7 Dichloromethane
2.3.2.71 Sectors

Dichloromethane is typically emitted by a range of different chemical sectors as shown in the
bar chart ofFigure2.32.
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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

2.3.27.2 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 plotFigure2.33.

The techniques most commonly applied, alone or in combination, in waste gas treatment
systems of chemical plants are the following:

absorption;

adsorption;

condensation;

thermal orcatalytic oxidation.
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NB: 23 operators reported dichloromethane emissions from 34 emission points (via 26 questionnaires), apy
common waste gas treatment techniques listed above. For better visualisation, only emigg®nwibio
concentrations in the range ofl00 mg CH2Cl/Nm? are represented in the scatter plot. 3 emission points are o
this range (up to 900 n@H2Clz/Nm?).
Source[ 43, TWG 2021 ]

Figure 2.33. Dichloromethane emissions after waste gas treatment

2.3.2.73 Untreated emissions

The typical emission levelsf @ichloromethane when no waste gas treatment is applied are
shown as concentration and mass flow in the scatter pkigofe2.34.
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NB: 3 operators reported dichloromethane emissions from 7 emission points (via 4 questionnaires), without
waste gas treatment.
Source[ 43, TWG 2021 ]

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

Only periodic monitoring was reported (143 instances). Typical frequencies for the monitoring
of channelled dichloromethane emissions are shown in the bar ckagticg2.35.

Measurement Frequency

Yearly

Monthly

Twice a year

Others
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Source[ 43, TWG 2021 ]

Figure 2.35. Reported measurement frequencies foperiodic dichloromethane monitoring

Percentiles for reported limits of quantification and limits of detection for dichloromethane
measurements are shownTiable2.9.

Table2.9: Reported limits of quantification and detection for dichloromethane

Percentile Limit of quantification (mg/Nm %) Limit of detection (mg/Nm?®)
20" 0.05 0.02
50h 1.0 0.1
8oh 2.0 0.2
NB: Thenumbers of instances reported for the limits of quantification and detection are 50 and 26, resp
Source[ 43, TWG 2021 ]
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2.3.2.8 Ethylene dichloride
2.3.2.81 Sectors

Ethylene dichloride is typically emitted by a range of different chemical sectors as shown in the
bar chart ofigure2.36.
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NB: 8 operators reported ethylene dichloride emissions from 11 emission points (via 8 questionnaires).
Source[ 43, TWG 2021 ]
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Figure 2.36: Number of emission points for ethylenalichloride by IED category

23.28.2 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 pldtigtire2.37.

The techniques most commonly applied, alone or in combination, in waste gas treatment
systems of chemical plants are the following:

1 adsorption;
il condensation;
1 thermal or catalytioxidation.
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NB: 3 operators reported ethylene dichloride emissions from 4 emission points (via 3 questionnaires), app
common waste gas treatment techniques listed above.
Source[ 43, TWG 2021 ]

Figure 2.37: Ethylenedichloride emissions after waste gas treatment

2.3.2.8.3 Untreated emissions

The typical emission levels of ethylene dichloride when no waste gas treatment is applied are
shown as concentration andsadlow in the scatter plot ¢iigure2.38.
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NB: 2 operators reported ethylene dichloride emissions from 2 emission points (via 2 questionnaires), wit
prior waste gas treatment.
Source[ 43, TWG 2021 ]

Figure 2.38 Ethylene dichloride emission points withno waste gas treatment technique
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23.284 Monitoring

Only periodicmonitoring was reported (24 instances). Typfoadjuencies for the monitoring of
channelled ethylene dichloride emissions are shown in the bar clraguoé2.39.

Measurement Frequency

4 times a year
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@
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Source[ 43, TWG 2021 ]

Figure 2.39: Reported measurement frequencies for periodiethylene dichloride monitoring

Percentiles for reported limits of quantification and limits of detection for ethylene dichloride
measurements are shownliable2.10.

Table 2.10: Reported limits of quantification and detection forethylene dichloride

Percentile Limit of guantification (mg/Nm3) Limit of detection (mg/Nm?®)
20n 0.07 0.02
50" 0.10 0.07
8oh 0.83 0.23
NB: The numbers of instances reported for the limits of quantification and detection are 11 and 8, resp
Source[ 43, TWG 2021 ]
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2.3.2.9 Ethylene oxide
2.3.291 Sectors

Ethylene oxide is typically emitted by a range of different chemical sectors as shown in the bar
chart ofFigure2.40.
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NB: 18 operators reported ethylene oxide emissions from 36 emission points (via 20 questionnaires).
Source[ 43, TWG 2021 ]
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Figure 2.40: Number of emission points for ethylene oxide by IED category

2.3.29.2 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 ofigure2.41.

The techniques most commonly applied, alone or in combination, in waste gas treatment
systems of chemical plants are the following:

1 absorption;
il condensation;
1 thermal or catalytic oxidation.
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NB: 17 operators reported ethylene oxide emissions from 24 emission points (via 17 questionnaires), apg
common waste gas treatment techniquisted above. For better visualisation, only emission points
concentrations in the range ofl8 mg CoH4O/Nn are represented in the scatter plot. 1 emission point is outsid
range (and up to 110 mgk4O/Nm?).

Source[ 43, TWG 2021 ]

Figure 2.41: Ethylene oxide emissions after waste gas treatment

2.3.29.3 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 plBigpfre2.42.
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NB: 1 operator reported ethylene oxide from 8 emission points (via 1 questionnaire), without any prior w
treatment.
Source[ 43, TWG 2021 ]

Figure 2.42. Ethylene oxide emissiorpoints with no waste gas treatment technique
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2.3.294 Monitoring

Periodic monitoring is more common than continuous monitoritd instances of periodic
monitoring and 3 of continuous monitoring were reported. Typical frequencies dor th
monitoring of channelled ethylene oxide emissions are shown in the baoichayire2.43.

Measurement Frequency

Every 3 years

—
2] 5 10 15 20

Nbr of measurements

Source[ 43, TWG 2021 ]

Figure 2.43. Reported measurement frequencies for periodiethylene oxidemonitoring

Percentiles for reported limits of quantditon and limits of detection for ethylene oxide
measurements are shownliable2.11.

Table 2.11: Reported limits of quantification and detection forethylene oxide

Percentile Limit of quantification (mg/Nm %) Limit of detection (mg/Nm?®)
20" 0.02 0.02
50" 0.08 0.10
80" 0.50 0.35
NB: The numbers of instances reported for the limitguzintification and detection are 10 and 19, respectiy
Source[ 43, TWG 2021 ]
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2.3.2.10 Formaldehyde
2.3.2101 Sectors

Formaldehyde is typically emitted by a range of different chemical sectors as shown in the bar
chart ofFigure2.44.
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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

2.3.2.10.2 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 dfigure2.45.

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 orcatalyticoxidation.
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NB: 17 operators reported formaldehyde emissions from 26 emission points (via 20 questionnaires), app|
common waste gas treatment techniques listed above.
Source[ 43, TWG 2021 ]

Figure 2.45. Formaldehyde emissions after waste gas treatment

2.3.2.10.3 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 plBigafre2.46.
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NB: 5 operators reported formaldehyde emissions from 10 emission points (via 5 questionnaires), without
waste gas treatment.
Source[ 43, TWG 2021 ]

Figure 2.46. Formaldehyde emission points with no waste gas treatment technique
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2.3.2104 Monitoring

Only periodic monitoring was reported (119 instances). Typical frequencies for the monitoring
of channelled formaldehyde emissions are shown in the bar clfaguo€2.47.

Measurement Frequency

Twice a year

Every 3 years

Yearly

4 times a year

Every 5 years

©

10 20 30 40 5@ 60

Nbr of measurements

Source[ 43, TWG 2021 ]

Figure 2.47: Reported measurement frequencies for periodic formaldehyde monitoring

Percentiles for reported limits of quantifizat and limits of detection for formaldehyde
measurements are shownTiable2.12.

Table 2.12. Reported limits of quantification and detection for formaldehyde

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm®)
20" 0.04 0.004
50" 0.06 0.025
80" 1.20 1.50
NB: The numbers of instances reported for the limits of quantification and detection are 36 and 20, resg
Source[ 43, TWG 2021 ]
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2.3.2.11 PCDD/F
2.3.2111 Sectors

PCDD/F is typically emitted by a range of different chemical sectors as shown in the bar chart
of Figure2.48.
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NB: 33 operators reported PCDD/F from 38 emission points (via 36 questionnaires).
Source[ 43, TWG 2021 ]

Figure 2.48 Number of emission pointsor PCDD/F by IED category

2.3.211.2 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 pldtigtire2.49.
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NB: 27 operators reported PCDD/F emissions from 32 emission points (via 30 questionnaires), applying th
catalytic oxidation.
Source[ 43, TWG 2021 ]

Figure 2.49: PCDD/F emissions after waste gas treatment
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232113 Monitoring

Only periodic monitoring was reported (82 instances). Typical frequencies for the monitoring of
channelled PCDD/F emissions are shown in the bar ch&rgofe2.50.

Measurement Frequency

Yearly

Twice a year

Every 3 years

4 times a year

3 times a year

[e>]
(5]

16 15 20 25 30

Nbr of measurements

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 shownTiable2.13.

Table 2.13: Reported limits of quantification and detection for PCDD/F

Percentile Limit of quantification (ug/Nm 3) Limit of detection (ug/Nmd)
20" 0.00010 1.6 x 10°
50h 0.00062 0.00056
8oh 0.0030 0.0054
NB: The numbers of instances reported for the limits of quantification and detection are 25 and 24, res
Source[ 43, TWG 2021 ]
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2.3.2.12 Propylene oxide
2.3.2121 Sectors

Propylene oxide is typically emitted by a range of different chemical sectors as shown in the bar
chart ofFigure2.51.
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NB: 14 operators reported propylene oxide emissions from 21 emission points (via 17 questionnaires).
Source[ 43, TWG 2021 ]

Figure 2.51: Number of emission pointsfor propylene oxide by IED category

2.3.212.2 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 Bfgure2.52.

The techniques most commonly applied, alone or in combination, in waste gas treatment
systems of chemical plants are the following:

1 absorption;
il condensation;
1 thermal or catalytic oxidatio
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NB: 12 operators reported propylene oxide emissions from 16 emission points (via 13 questionnaires), apq

common waste gas treatment techniques liskexve.
Source[ 43, TWG 2021 ]

Figure 2.52 Propylene oxide emissions after waste gas treatment

2.3.212.3 Untreated emissions

All operators reported at least one wasgs dgreatment technique for their emissions of

propylene oxide.

2.3.2124 Monitoring

Periodic monitoring is more common than continuousnitoring: 43 instancesf periodic

monitoring and 5 of continuous monitoring were reported. Typical frequencies for the

monitaring of channelled propylene oxide emissions are shown in the bar chigticé2.53.

Measurement Frequency

Nbr of measurements

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 shownTiable2.14.

Table 2.14: Reported limits of quantification and detection for propylene oxide

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm?3)
20" 0.07 0.06
50" 0.40 0.06
80" 0.50 0.20
NB: The numbers of instances reportedtfa limits of quantification and detection are 9 and 7, respecti
Source[ 43, TWG 2021 ]

2.3.2.13 Tetrachloromethane
2.3.213.1 Sectors

Tetrachloromethane is typically emitted by a range of different chemical sectors as shown in the
bar chart oFigure2.54.
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NB: 7 operatorseported 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

2.3.213.2 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 pldtigtire2.55.

The techniques most commonly applied, alone or in combination, in waste gas treatment
systems of chemical plants are the following:

adsorption;

bioprocess;

condensation;

thermal orcatalytic oxidation.
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NB: 6 operators reported tetrachloromethane emisgions 12 emission points (via 6 questionnaires), applying
common waste gas treatment techniques listed above. For better visualisation, only emission poi
concentrations in the range of30 mg CClW/Nm® are represented in the scatter plot. 4 emission points are o
both ranges (up 78 000 n&LCl#/Nme and up to 7.8 k@€Cla/h).
Source[ 43, TWG 2021 ]

Figure 2.55. Tetrachloromethane emissions after waste gas treatment

2.3.213.3 Untreated emissions

The typical emission levels of tetrachloromethane when no wastéreatment is applied are
shown as concentration and mass flow in the scatter pkigofe2.56.
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NB: 1 operator reported tetrachloromethane emissions from 4 emgssigs (via 1 questionnaire), without any pri
waste gas treatment.
Source[ 43, TWG 2021 ]

Figure 2.56: Tetrachloromethane emission points with no waste gas treatment technique
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2.3.2134 Monitoring

Only periodic monitoring was reported (52 instances). Typical frequencies for the monitoring of
channelled tetrachloromethane emissions are shown in the bar dhigitire2.57.

Measurement Frequency
Every 3 years _
e 5 10 15 20 25
Nbr of measurements
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 showrliable2.15.

Table 2.15: Reported limits of quantification and detection for tetrachloromethane

Percentile Limit of quantification (mg/Nm%) Limit of detection (mg/Nm?®)
20" 0.10 0.01
50h 5.0 0.22
8oh 100.0 0.22
NB: The numbers of instances reported for the limits of quantification and detection are 36 and 21, resp
Source[ 43, TWG 2021 ]
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2.3.2.14 Toluene
2.3.2141 Sectors

Toluene is typically emitted by a range of different chemical sectors as shown in the bar chart of
Figure2.58.
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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

2.3.214.2 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 dfigure2.59.

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 catalyt oxidation.
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NB: 17 operators reported toluene emissions froner@&sion points (via 20 questionnaires), applying the com
waste gas treatment techniques listed above. For better visualisation, only emission points with concentrati
range of 61 500mg C7Hs/Nm? are represented in the scatter plot. 2 emispimints are outside both ranges (up
830 mgC7He/Nm? and a mass flow of 33 kgz8s/h).
Source[ 43, TWG 2021 ]

Figure 2.59: Toluene emissions after waste gas treatme

2.3.214.3 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 pldtigtire2.60.
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NB: 4 operators reported toluene emissions fronermh&ssion points (via 6 questionnaires), without any prior w;
gas treatment. For better visualisation, only emission points with concentrations in the rargfeneg O7Hs/Nm?3
are represented in the scatter plot. 1 emission point is outside the rapgeting a concentration ¢
513mg C7Hg/Nmiand a mass flow of 200 g GHs//h.

Source[ 43, TWG 2021 ]

Figure 2.60: Toluene emission points with no waste gas treatment technique

Waste Gas Management and Treatment Systems in the Chemical Sector 73



Chapter 2

2.3.2144 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 cliaguoé2.61.

Measurement Frequency

Monthly

Twice a year

4 times ayear

Yearly

Others

®

10 20 30 40 50 60

Nbr of measurements

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 irmable2.16.

Table 2.16: Reported limits of quantification and detection for toluene

Percentile Limit of quantification (mg/Nm %) Limit of detection (mg/Nm?®)
20" 0.05 0.05
50" 0.13 0.20
8a" 0.50 0.43
NB: The numbers of instances reported for the limitguzintification and detection are 66 and 74, respectiy
Source[ 43, TWG 2021]

74 Waste Gas Management and Treatment Systems in the Chemic&éctor



Chapter 2

2.3.2.15 Trichloromethane
2.3.2151 Sectors

Trichloromethane is typically emitted by a range of different chemical sectors as shown in the
bar chart oFigure2.62.
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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

2.3.215.2 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 plotFigure2.63.

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 catigtic oxidation.
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NB: 8 operators reported trichloromethane emissions from 12 emission points (via 8 questionnaires), app
common waste gas treatment techniques listed above.b&ter visualisation, only emission points w
concentrations in the range ofl00mg CHCl/Nm? are represented in the scatter plot. 2 emission points are o
both ranges (up to@00mg CHCls/Nm2and 25 g CHGlh).
Source[ 43, TWG 2021 ]

Figure 2.63. Trichloromethane emissions after waste gas treatment

2.3.215.3 Untreated emissions

The typical emission levels of trichloromethane when no waste gas treatment is applied are
shown as concentration and mass flawhe scatter plot dfigure2.64.
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NB: 1 operator reported trichloromethane emissions from 4 emission points (via 1 questionnaire), without &

waste gas treatment.
Source[ 43, TWG 2021 ]

Figure 2.64: Trichloromethane emission points with no waste gas treatnmt technique
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2.3.2154 Monitoring

Only periodic monitoring was reported (63 instances). Typical frequencies for the monitoring of
channelled trichloromethane emissions are shown in the bar claguoé2.65.

Measurement Frequency

Twice a year

Monthly

4 times a year

Yearly

Others

@
[Sa)
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Nbr of measurements

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 shownliable2.17.

Table 2.17: Reported limits of quantification and detection for trichloromethane

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm?®)
20" 0.1 0.13
50" 1.0 0.13
80" 5.0 0.3
NB: The numbers of instances reportedthe limits of quantification and detection are 49 and 33, respecti
Source[ 43, TWG 2021 ]
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2.3.3 Dust (including PMio, and PM25) and particulate-bound metals
2331 Dust
23311 Sectors

Dust is typically emitted by a range of different chemical sectors as shown in the bar chart of
Figure2.66.
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NB: 205 operators reported dust emissions (includinge.£8hd PMo) from 1650 emission points (via 39
questionnaires).
Source[ 43, TWG 2021 ]

Figure 2.66. Number of emission pointsfor dust by IED category

23.31.2 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 Figure2.67.

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;

= =4 =4 =4 =4

electrostatic precipitation.
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NB: 149 operators reported dust emissions fror@12 emission points (via 271 questionnaires), applying
common waste gas treatment techniques listed above. For better visualisation, only emission poi
concentrations in the range ofLl00mg dust/Nn¥ andmass flows in the range 0f10000g dust/h are represented
the scatter plot. 5 emission points are outside the mass flow range (up to 7.7 kg dust/h) and 4 emission
outside the concentration range (up to 260 mg dusyNm

Source[ 43, TWG 2021 ]

Figure 2.67: Dust emissions after waste gas treatment

2.3.31.3 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 pldtigtire2.68.
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NB: 56 operators reported dust emissions for 236 emission points (via 85 questionnaires), without any prior
treatment. For better visualisation, ondynission points with mass flows in the range e200gdust/h are
represented in the scatter plot. 4 emission points are outside both ranges (up tod8s®hkgnd up tqg
28 mg dust/Nns).

Source[ 43, TWG 2021 ]

Figure 2.68: Dust emission points withno waste gas treatment technique
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23314 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
monitaring of channelled dust emissions are shown in the bar chaigufe2.69.
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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 irmable2.18.

Table 2.18: Reported limits of quantification and detection for dust

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm®)
20h 0.2 0.1
50h 0.3 0.3
8oh 1.0 0.5
NB: The numbers of instances reported for the limits of quantification and detection are 1141 and 1239, resj|
Source[ 43, TWG 2021 ]
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2.3.3.2 Dust containing substances classified as CMR 1A or 1B
2.3.3.21 Sectors

Dust containing substances classified as CMR 1A or 1B is typically emitted by a few chemical
sectors as shown in the bar charFigfure2.70.
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NB: 18 operators reported emissions of dust indicating the presence of substances classified as CMR 1A or
emission points (via 28uestionnaires).
Source[ 43, TWG 2021 ]

Figure 2.70: Number of emission points for dust containing substances classified as CMR 1A or 1B
by IED category

2.3.3.2.2 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 catieerdnd mass

flow in the scatter plot ofigure2.71.

The techniques most commonly applied, alone or in combination, in waste gas treatment
systems of chemical plardse 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 CMRfibin@6l
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

23323 Monitoring

Periodic monitoring is more common than continuousnitoring: 176 instancesf periodic
monitoring and 3 of continuous monitoring were reported. Typical frequencies for the
monitoring of channelled dust emissioft®ntaining substances classified as CMR 1A or 1B)
are shown in the bar chartleigure2.72.
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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 dostaining
substances classified as CMR 1A ordr shown imable2.18.

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/Nm?®)
20" 0.30 0.28
50" 0.30 0.30
80" 0.30 0.30
NB: The numbers of instances reported for the limits of quantification and detection are 58 and 57, resp
Source[ 43, TWG 2021 ]

2.3.3.3 Dust containing substances classified as CMR 2
2.3.3.31 Sectors

Dust containing substances classified as CMR 2 is typically emitted by a range of different
chemical sectors as shown in the bar chaRigidire2.73.
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NB: 15 operators reported of dust emissions indicating the presermébsthnces classified as CMR 2 from
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

2.3.3.3.2 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 catioarand mass flow in the
scatter plot ofFigure2.74.

The techniques most commonly applied, alone or in combination, in waste gas treatment
systems of chemical plardse the following:

T absorption;

1 gravitational separation;

T 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
waste gas treatment techniques listed above.
Source[ 43, TWG 2021]

Figure 2.74: Emissions of dust containingsubstances classified as CMR 2 after waste gas treatment

23333 Monitoring

Periodic monitoring is more common than continuousnitoring: 114instances of periodic
monitoring and 3 of continuous monitoring were reported. Typical frequencies for the
monitoringof channelled dust emissiofmontaining substances classified as CMRr2)shown

in the bar chart dFigure2.75.
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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 @hsitaining
substances classified as CMRn2¢asurements are shownliable2.18.

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/Nm?®)
20" 0.20 0.20
50h 0.30 0.30
8oh 0.31 0.30
NB: The numbers of instances reported for the limits of quantification and detection are 71 and 53, resp
Source[ 43, TWG 2021 ]

2.3.34 Lead and its compounds
2.3.3.41 Sectors

Lead and its compounds are typically emitted by a range of different chemical sectors as shown
in the bar chart dFigure2.76.
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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

2.3.34.2 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 pldtigtire2.77.

The techniques most commonly applied, alone or in combination, in waste gas treatment
systems of chemical plants are the following:

1 filtration (e.g. fabric filter, absolute fét);
1 dust scrubbing.
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®
o
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NB: 4 operators reported lead emissions from 5 emission points (via 4 questionnaires), applying the comm
gas treatment techniquksted above.
Source[ 43, TWG 2021 ]

Figure 2.77: Lead emissions after waste gas treatment

A lead emission level lower than 0.1 mg/Nis not achieved in the case of Plant BE_40 which
reported higher average lead emissions (1 mg/Nrmmpared to the average concentrations
reported by other installationsee Figure2.77). The installation BE_40 produces technical
ZnO, starting from galvanic ashes, containing up ta%2.kad, applying dust scrubbing as
waste gas treatment with a reported abatement efficiency 0#29.9

2.3.3.4.3 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 pldtigtire2.78.
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NB: 6 operators reported lead emissions from 8 emission points (via 6 questionnaires), without any prior w
treatment.
Source[ 43, TWG 2021 ]

Figure 2.78 Lead emission points with no waste gasatment technique
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23344 Monitoring

Only periodic monitoring waeseported (56 instancgsTypical frequencies for the monitoring of
channelled lead emissions are shown in the bar ch&igofe2.79.

Measurement Frequency
4 times a year _
Every 3 years -
Others -
2] 5 10 15 20 25
Nbr of measurements
Source[ 43, TWG 2021 ]

Figure 2.79: Reported measurement frequencies foperiodic lead monitoring

Percentiles for reported limits of quantification and limits of detection for lead measurements
are shown imable2.21.

Table 2.21: Reported limits of quantification and detection for lead and its compounds

Percentile Limit of quantification (mg/Nm %) Limit of detection (mg/Nm?®)
20N 0.0001 0.00QL7
50" 0.00@4 0.00(®
80" 0.005 0.005
NB: Thenumbers of instances reported for the limits of quantification and detection are 9 and 8, respectiy
Source[ 43, TWG 2021 ]
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2.3.35 Nickel and its compounds
2.3.3.51 Sectors

Nickel and its compounds are typicalynitted by a range of different chemical sectors as
shown in the bar chart &igure2.80.
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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 ED category

2.3.3.5.2 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 plbigafre2.81.

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.

=A =4 =4 =4
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NB: 5 operators reported nickel emissions from 48 emission points (via 8 questionnaires), applying the
waste gas treatment techniques listed above.
Source[ 43, TWG 2021 ]

Figure 2.81: Nickel emissions after waste gas treatent

2.3.3.5.3 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 pldtigtire2.82
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NB: 7 operators reported nickel emissions from 8 emission points (via 7 questionnaires), without any prior w
treatment.
Source[ 43, TWG 2021 ]

Figure 2.82 Nickel emission points with no waste gaseatment technique
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2.3.3.54 Monitoring

Only periodic monitoring wageported (202 instances). Typical frequencies for the monitoring
of channelled nickel emissions are shown in the bar ch&igafe2.83.

Measurement Frequency

Yearly

fHmess v _

Every 3 years

Every 5 years

Others

[ar]
[}
[an)

40 60 80 l1a0 120 140

Nbr of measurements

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 irmable2.22.

Table 2.22: Reported limits of quantification and detection for nickel and its compounds

Percentile Limit of quantification (mg/Nm %) Limit of detection (mg/Nm?®)
20" 0.0 0.001
50h 0.005 0.05
8oh 0.005 0.05
NB: The numbers of instances reportedthe limits of quantification and detection are 71 and 74, respecti
Source[ 43, TWG 2021 ]
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2.3.3.6 PMso
2.3.3.61 Sectors

PMyo is typically emitted by a range of different chemical sectors as shown in the bar chart of
Figure2.84.
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NB: 12 operators reported Rbemissions from 60 emission points (via 12 questionnaires).
Source[ 43, TWG 2021 ]

Figure 2.84: Number of emission points forPM10 by IED category

2.3.3.6.2 Treated emissions

Emissions of Pl may occur with at least one prior waste gas treatment technique applied. The
typical emission levels of PMafter waste gas treatment are shown as concentration and mass
flow in the scatter plot dfigure2.85.

The techniques most commonly applied, alone or in combination, in waste gas treatment
systems of chemical plants are the following:

1 filtration (e.g. fabric filter, absolute filter);
| dust scrubbing.
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NB: 6 operators reported R¥emissions from 23 emission points (via 6 questionnaires), applying the common
gas treatment techniques listed above. For better visualisation, only emission points with concentrations in
of 0-20 mg PM1o/Nm? and mass flows in the range 6200g PM1dh are represented in the scatter plot.
Source[ 43, TWG 2021 ]

Figure 2.85: PM1oemissions after waste gas treatment

2.3.3.6.3 Untreated emissions

The typical emission levels of RMwhen no waste gaseatment is applied are shown as
concentration and mass flow in the scatter pldtigtire2.86.
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NB: 6 operators reported Rdyemissions from 27 emission points (via 6 questionnaires), without any prior was
treatment.
Source[ 43, TWG 2021 ]

Figure 2.86: PM1oemission points withno waste gas treatment technique
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2.3.364 Monitoring

Only periodic monitoring was reported (148 instances). Typical frequencies for the monitoring
of channelled Pyemissions are shown in the bar charFigiure2.87.

Measurement Frequency

Yearly _

Twice ayear

Every 3 years

4 times a year .

<] 20 40 60 80 la0

Nbr of measurements

Source[ 43, TWG 2021 ]

Figure 2.87: Reported measurement frequencies for periodi®M 10 monitoring

Percentiles for reported limits of quantification and limits of detection for,PMasurements
are shown imable2.23.

Table 2.23: Reported limits of quantification and detection forPM1o

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm?®)
20h 0.2 0.06
50h 0.2 0.06
8oh 0.2 1.0
NB: The numbers of instances reported for the limits of quantification and detection are 78 and 106, resp
Source[ 43, TWG 2021 ]
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2.3.3.7 PMas
2.3.3.71 Sectors

PM. ;s is typically emitted by a range of different chenhisactors as shown in the bar chart of
Figure2.88.
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NB: 5 operators reported Plglemissions from 28 emission points (via 5 questionnaires).
Source[ 43, TWG 2021 ]

Figure 2.88 Number of emission pointsfor PM2:sby IED category

2.3.3.7.2 Treated emissions

Emissions of PMsare generally treated with at least omaste gas treatment technique. The
typical emission levels of P} after waste gas treatment are shown as concentration and mass
flow in the scatter plot dfigure2.89.

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 P emissions from 16 emission points, applying the common waste gas treg
techniques listed above. For better visualisation, only emission points with concentmatitves range of O
15 mg PM2s/Nm? and mass flows in the range 6800g PM2s/h are repesented in the scatter plot.
Source[ 43, TWG 2021 ]

Figure 2.89: PM2semissions after waste gas treatment

2.3.3.7.3 Untreated emissions

The typical emission levels of BiMwhen no waste gas treatment is applied are shown as
concentration and mass flow in the scatter pldtigtire2.90.
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NB: 3 operators reported Pldemissions from 14 emission points (via 3 questionnaires), without any prior was
treatment. For better visualisation, only emission points with concentrations in the randemgfRM..s/Nm? and
mass flows in the range ofID0g PM2g/h are represged in the scatter plot.
Source[ 43, TWG 2021 ]

Figure 2.90: PM2semission points with no waste gas treatment technique
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23.3.74 Monitoring

Only periodic monitoring was reported (72 instances). Tygiegluencies for the monitoring of
channelled PMsemissions are shown in the bar charfiglure2.91.

Measurement Frequency

- _
4 times a year I
Every 3 years I

] 10 20 30 40 50 60 70

Nbr of measurements

Source[ 43, TWG 2021 ]

Figure 2.91: Reported measurement frequencies for periodi®M2.s monitoring

Percentiles for reported limits of quantification and limits of detection fos Hiveasurements
are shown irmable2.24.

Table 2.24: Reported limits of quantification and detection forPMzs

Percentile Limit of quantification (mg /Nm?) Limit of detection (mg/Nm?®)
20h 0.2 0.06
50" 0.2 0.06
80" 0.2 0.06
NB: The numbers of instances reported for the limits of quantification and detection are 66 and 67, resp
Source[ 43, TWG 2021 ]
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2.3.4 Inorganic substances
2.3.4.1 Nitrogen oxides
234141 Sectors

Nitrogen oxides are typically emitted by a range of different chemical sectors as shown in the
bar chart oFigure2.92.
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NB: 205 operators reported N@missions from 707 emission points (via 350 questionnaires).
Source[ 43, TWG 2021 ]

Figure 2.92. Number of emission points for N& by IED category

2.3.41.2 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 Sécfcdhl

The typical emission levels of nitrogen oxides from the ushainal treatment are shown as
concentration and mass flow in the scatter ploGigire2.93 andFigure2.94.
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NB: 22 operators reported NCemissions from 36 emission points (via 24 questionnaires), applying cat
oxidation either alone or in combination with another wgstetreatment technique.

Source[ 43, TWG 2021 ]
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Figure 2.93 NOx emissions from catalytic oxidation
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NB: 78 operators reported N@missions from 136 emission points (via 117 questionnaires). For better visuali
only emission points with concentrations in the range-400mgNOx/Nm?® are represented in the scatter plot

emission points are outside this range (up 16@ g NGQ/Nmd).
Source[ 43, TWG 2021 ]
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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 ofFigure2.95.
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NB: 64 operators reported N@missions from 205 emission points (via 102 questionnaires). For better visuali
only emission points with concentrations in the range-&f000mgNOx/Nm?® are represented in the scatter p
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Souce: [ 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 plBigafre2.96.
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NB: 29 operators reported N@missions for 96 emission points (via 45 questionnaires), without any prior was
treatment.
Source[ 43, TWG 2021 ]

Figure 2.96. NOx emission points from chemical proessesvith no waste gas treatment technique

Higher levels of NQ emissions (e.g. up to 350 mg/Nm3) may occur if the procesgasfes)
contain(s) high levels of N©Oprecursors, like those originating from the process(es) of the
integrated production of amino acids (e.g. methionine, such as in the case of Plant[Bi, 43)
BE 2021]
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23413 Monitoring

Periodic monitoring is more common than continuous monitorirgQLinstances of periodic
monitoring and 216 of continuous monitoring were reported. Typical frequencies for the
monitoring of channelled nitrogen oxdemissions are shown in the bar charFigiure2.97.
Measurement frequenciegor periodic monitoring of nitrogen oxides from process
furnaces/heatei@e described in Secti@?9.2.2

Measurement Frequency

Every 3 years

Yearly

Twice a year

4 times a year

Others

[e~]

la0 200 300 400 500

Nbr of measurements

Source[ 43, TWG 2021 ]

Figure 2.97: Reported measurement frequencies for peodic NOx monitoring

Percentiles for reported limits of quantification and limits of detection for nitrogen oxide
measurements are shownliable2.25.

Table 2.25: Reported limits of quantification and detection for NOx

Percentile Limit of quantification (mg/Nm %) Limit of detection (mg/Nm?®)
20" 1.0 0.65
50" 45 2.0
80" 7.0 5.0
NB: The numbers of instancesported for the limits of quantification and detection are 427 and 373, respec
Source[ 43, TWG 2021 ]
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2.3.4.2 Carbon monoxide
2.3.4.21 Sectors

Carbon monoxide is typically emitted by a range of different chemical sectors as shown in the
bar chart oFigure2.98.
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NB: 153 operators reported CO emissions for 485 emission points (via 270 questionnaires).
Source[ 43, TWG 2021 ]

Figure 2.98 Number of emission pointdor carbon monoxide by IED category

2.3.4.2.2 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 Se@ifr3.1

For process furnaces/heaters, the typical emission levels of carbon monoxide are shown as
concentration and mass flow in the scatter pldtigtire2.202

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 pigig®2.99
andFigure2.100.
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NB: 20 operators reported CO emissidois32 emission points (via 21 questionnaires). For better visualisation
emission points with concentrations in the range e#00mgCO/Nn? and mass flows in the range
0-25000g CO/h are represented in the scatter plot.

Source[ 43, TWG 2021 ]

Figure 2.99: CO emissions from catalytic oxidation
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NB: 77 operators reported CO emissions from 159 emission points (vigu&34onnaires). For better visualisatiq
only emission points with concentrations in the range -@00mgCO/Nm? and mass flows in the range
0-10000g CO/h are represented in the scatter plot.

Source[ 43, TWG 2021 ]

Figure 2.100:CO emissions from thermal oxidation
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The typical emission levels of carbon monoxide when no waste gas treatment esl apeli
shown as concentration and mass flow in the scatter pkagofe2.101
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NB: 51 operators reported CO emissions for 168 emission points (via 76 questionnaires), without any prior v
treatment. For better visualisation, only emission points with concentratighe irange of €£00mg CO/Nn? are

represented in the scatter plot. 1 emission point is outside the range, reporting a concentration of 870 rhgre]
a mass flow of &g CO/h.

Source[ 43, TWG 2021 ]

Figure 2.101:CO emission points with no waste gas treatment technique

23423 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
Figure2.102 Measurement frequencies for periodic monitoring of carbon monoxide from

process furnaces/heaters are described in S&t8d2

Measurement Frequency

Every 3 years
Yearly

Twice a year
4 times a year

Others

2]

50 100 150 200 250 300

Nbr of measurements

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 shownTiable2.26.

Table 2.26: Reported limits of quantification and detection for CO

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm?3)
20" 1.0 0.4
50" 3.2 1.3
80" 6.3 2.5
NB: The numbers of instances reported for the limitguantification and detection are 345 and 331, respecti
Source[ 43, TWG 2021 ]

2.3.4.3 Ammonia
2.3.4.31 Sectors

Ammonia is typically emitted by a range of different chemical sectors as shown in the bar chart
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NB: 65 operators reported Nlgmissions for 149 emission points (via 97 questionnaires).
Source[ 43, TWG 2021 ]

Figure 2.103 Number of emission points forNHs by IED category

2.3.4.3.2 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 plotligure2.104

The techniques most commonly applied, alone or in combination, in waste gas treatment
systems of chemical plants are the following:

1 absorption;
1 adsorption;
1 thermal oxidation.
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NB: 39 operators reported ammonia emissions from 64 emission points (via 54 questionnaires), applying the|
waste gas treatment techniques listed above. For better visualisation, only emission points with concentrati
range of 6200mgNH3/Nm?® are represented in the scatter plot. 4 emission points are outside this range (re
concentrations up to0® mg NH/Nm?® and mass flows of 65 KgHzs/h).
Source[ 43, TWG 2021 ]

Figure 2.104NH3 emissions after waste gas treatment

In addition, emissions of ammonia may occur when selective catalytic reduction (SCR) or
selective norcatalytic reduction (SNCR) are used for the abatement of &falssions to air

The typical emission levels of ammonia when using SCR or SNCR, are shown as concentration
and mass flow in the scatter plotFigure2.105
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NB: 9 operators reported ammonia emissifamsl7 emission points (via 13 questionnaires), applying SCR or SN
For better visualisation, only emission points with concentrations in the rang@08f ®igNHs/Nm? and mass flowg
in the range of £8000g NHa/h are represented in the scatter plot.
Source[ 43, TWG 2021 ]

Figure 2.105NHz emissions 6r selective catalytic reduction (SCR) or selective nonatalytic
reduction (SNCR)
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2.3.4.3.3 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 pldtigtire2.106
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NB: 5 operators reported ammonia emissions for 8 emission points (via 5 questionnaires), without any pri
gas treatment. Fdoetter visualisation, only emission points with concentrations in the rangd @00mg NHa/Nm?3

and mass flows in the range 6fl@100g NHa/h are represented in the scatter plot.
Source[ 43, TWG 2021 ]

Figure 2.106:NHz emission points with no waste gas treatment technique

23434 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 ofchannelled ammonia emissions are shown in the bar chaigwe2.107.

Measurement Frequency

Every 3 years

Yearly

Twice a year

4 times a year

Others

[e>]

20 40 60 80 160

Nbr of measurements

Source[ 43, TWG 2021 ]

Figure 2.107:Reported measurement frequencies for periodic Nkimonitoring

106 Waste Gas Management and Treatment Systems in the Chemic&éctor



Chapter 2

Percentiles for reported limits of quantification and limits of detection for ammonia
measurements are shownTiable2.27.

Table 2.27: Reported limits of quantification and detection for NHs

Percentile Limit of quantification (mg/Nm 3) Limit of detection (mg/Nm?3)
20" 0.05 0.05
50h 0.40 0.25
8oh 1.08 0.40
NB: The numbers ahstances reported for the limits of quantification and detection are 132 and 96, respe
Source[ 43, TWG 2021 ]

2.3.4.4 Elemental chlorine

2.3.4.41 Sectors

Elemental chlorings typically emitted by a range of different chemical sectors as shown in the
bar chart oFigure2.108
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NB: 29 operators reported £dmissions from 63 emission points (via 42 questionnaires).
Source[ 43, TWG 2021 ]

Figure 2.108 Number of emission points for Ct by IED category
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2.3.44.2 Treated missions

Emissions ofelemental 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 plbigofe2.109. 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), apf
common waste gas treatment techniques listed above.
Source[ 43, TWG 2021 ]

Figure 2.109 Clz emissions after waste gas treatment

A Cl, emission level below hg/Nn? was not achieved by the installation BE_72 which
reported higher average&missions 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 appliedridiHCI
abatement with a very high removal efficiency, i.e. up t&66%7, BE 2021 ]

Untreated emissions

All operatorsreported at least one waste gas treatment technique dor émissions of
elemental chlorine

Monitoring

Periodic monitoring is moreommon than continuous monitoring: 108 instances of periodic

monitoring and 24 of continuous monitoring were reported. Typical frequencies for the
monitoring of channelled elem&l chlorine emissions are shown in the bar chart of

Figure2.110
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