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Title Best Available Techniques (BAT) Reference Document for Waste Treatment

Abstract

The Best Available Techniques (BAT) Reference Document for Waste Treatment is the result of the
information exchange since the kick-off meeting which was held from 25 to 28 November 2013. The
information collection took place in 2014 and 2015 and the final meeting took place in March 2017. The
document includes information on the following waste treatment processes:

- Mechanical treatment in shredders of metal waste

- Mechanical treatment of VFCs and VHCs containing equipment

- Mechanical treatment of waste with calorific value

- Aerobic treatment of waste

- Anaerobic treatment of waste

- Mechanical-Biological treatment of waste (MBT)

- Physico-chemical treatment of solid and pasty waste

- Re-refining of waste oil

- Physico-chemical treatment of waste with calorific value

- Regeneration of spent solvents

- Physico-chemical and/or biological treatment of water-based liquid waste

- Regeneration / recovery of pollution abatement components / Flue-Gas Treatment (FGT) of waste
- Recovery of components from spent catalysts

- Treatment of excavated contaminated soil

- Treatment of POPs-containing waste

- Treatment of mercury-containing waste
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Preface

PREFACE
1. Status of this document

Unless otherwise stated, references to ‘the Directive’ in this document refer to Directive
2010/75/EU of the European Parliament and the Council on industrial emissions (integrated
pollution prevention and control) (Recast).

The original best available techniques (BAT) reference document (BREF) on Waste Treatment
was adopted by the European Commission in 2006. This document is the result of a review of
that BREF. The review commenced in June 2013.

This BAT reference document for Waste Treatment forms part of a series presenting the results
of an exchange of information between EU Member States, the industries concerned, non-
governmental organisations promoting environmental protection and the Commission, to draw
up, review, and where necessary, update BAT reference documents as required by Article 13(1)
of the Directive. This document is published by the European Commission pursuant to
Acrticle 13(6) of the Directive.

As set out in Article 13(5) of the Directive, the Commission Implementing Decision (EU)
2018/1147 on the BAT conclusions contained in Chapter 6 was adopted on 10.8.2018 and
published on 17.8.2018"

2. Participants in the information exchange

As required in Article 13(3) of the Directive, the Commission has established a forum to
promote the exchange of information, which is composed of representatives from Member
States, the industries concerned and non-governmental organisations promoting environmental
protection (Commission Decision of 16 May 2011 establishing a forum for the exchange of
information pursuant to Article 13 of the Directive 2010/75/EU on industrial emissions (2011/C
146/03), OJ C 146, 17.05.2011, p. 3).

Forum members have nominated technical experts constituting the technical working group
(TWG) that was the main source of information for drafting this document. The work of the
TWG was led by the European IPPC Bureau (of the Commission's Joint Research Centre).

3. Structure and contents of this document

General information
Chapter 1 provides general information on the waste treatment sector.

For the sake of clarity, the waste treatment sector has been divided into four chapters, each split
into several sections as shown below.

1 0J L 208, 17.8.2018, p. 38.
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Structure and content of Chapters 2 to 5

Chapter Item Section number Item
number
This chapter deals with common process steps such as
reception, storage, handling, blending and mixing, cleaning
. and washing. This chapter also gives information about the
Processes and techniques X . X
data collection used to review this document as well as an
Chapter 2 commonly used for waste : L
treatment overview of the emissions encountered across the sector.
Finally, it addresses the techniques to consider in the
determination of BAT for the processes commonly found in
the waste treatment sector.
Section 3.1 Mechanical treatment in
' shredders of metal waste
Mechanical treatment of Treatment of WEEE
Chapter 3 Section 3.2 containing VFCs and/or
waste
VHCs
. Mechanical treatment of
Section 3.3 . .
waste with calorific value
. Overview of the different
Section 4.1 . .
biological treatments of waste
Section 4.2 _ Aero_blctreatmer}t
(including composting)
Section 4.3 Anaerobic treatment
' (or anaerobic digestion (AD))
e oy
Biological treatment of
Chapter 4 waste As the three processes
addressed in  Chapter 4
(aerobic treatment, AD and
MBT) have many
Section 4.5 commonalities, this section
deals with all techniques to
consider in the determination
of BAT for the biological
treatments.
Section 5.1 PCT of solid and/or pasty
waste
Section 5.2 Re-refining of waste oil
Section 5.3 . PCT of_vyaste
with calorific value
Section 5.4 Regeneration of spent
solvents
Physico-chemical treatment Regeneration/recovery of
Chapter 5 (PCT) Section 5.5 pollution abatement
of waste components / FGT residues
. Treatment of excavated
Section 5.6 . .
contaminated soil
Section 5.7 Treatmgnt _of water-based
liquid waste
Treatment of waste containing
Section 5.8 POPs or mercury and of other

waste

Applied processes and techniques

General information on the industrial processes and techniques used within the sector are
provided as shown below.

ii
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Structure of general information on processes and techniques

Treatment type Section number
Processes and techniques commonly used for Section 2.1
waste treatment
Mechanical treatment of waste Sections 3.1.1, 3.2.1 and 3.3.2
Biological treatment of waste Sections 4.2.1, 4.3.1 and 4.4.1

PCT of solid and/or pasty waste: Section 5.1.2

Re-refining of waste oil: Section 5.2.1

PCT of waste with calorific value: Section 5.3.2

Regeneration of spent solvents: Section 5.4.1

Regeneration/recovery of pollution abatement
components / FGT residues: Section 5.5.1

Physico-chemical treatment (PCT) of waste Treatment of excavated contaminated soil: Section 5.6.1

Treatment of water-based liquid waste: Section 5.7.1

Treatment of POP-containing waste: Section 5.8.1.1

Treatment of mercury-containing waste: Section 5.8.2.1

Other PCT treatments: Sections 5.8.3, 5.8.4, 5.8.5 and
5.8.6

Current emission and consumption levels

Data and information concerning the environmental performance of plants within the sector, and
in operation at the time of writing, in terms of current emissions, consumption and nature of raw
materials, water usage, and use of energy, are provided as shown below.

Structure of data and information concerning current emission and consumption levels

Treatment type Section number

Processes and techniques commonly used for

Section 2.2
waste treatment
Mechanical treatment of waste Sections 3.1.2, 3.2.2 and 3.3.3
Biological treatment of waste Sections 4.2.2, 4.3.2 and 4.4.1.1.2

PCT of solid and/or pasty waste: Section 5.1.3

Re-refining of waste oil: Section 5.2.2

PCT of waste with calorific value: Section 5.3.3

Regeneration of spent solvents: Section 5.4.2

Regeneration/recovery of pollution abatement

Physico-chemical treatment (PCT) of waste components / FGT residues: Section 5.5.2

Treatment of excavated contaminated soil: Section 5.6.2

Treatment of water-based liquid waste: Section 5.7.2

Treatment of POP-containing waste: Section 5.8.1.2

Treatment of mercury-containing waste: Section 5.8.2.2

Techniques to consider in the determination of BAT

Techniques to prevent or, where this is not practicable, to reduce the emissions from plants in
this sector that were considered in determining the BAT are presented in more detail as shown
below. This information includes, where relevant, the environmental performance levels (e.g.
emission and consumption levels) that can be achieved by using the techniques, the associated
monitoring and the costs and the cross-media issues associated with the techniques.

Waste Treatment iii
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Structure of techniques to consider in the determination of BAT

Treatment type Section number

Processes and techniques commonly

used for waste treatments Section 2.3

Mechanical treatment of waste Sections 3.1.3, 3.2.3 and 3.3.4

All types of biological treatments: Section 4.5.1

Aerobic treatment of waste: Section 4.5.2

Biological treatment of waste Anaerobic treatment of waste: Section 4.5.3

Mechanical biological treatment: Section 4.5.4

PCT of solid and/or pasty waste: Section 5.1.4

Re-refining of waste oil: Section 5.2.3

PCT of waste with calorific value: Section 5.3.4

Regeneration of spent solvents: Section 5.4.3

Regeneration/recovery of pollution abatement

Physico-chemical treatment (PCT) of waste components / FGT residues: Sections 5.5.3 and 5.5.4

Treatment of excavated contaminated soil: Section 5.6.3

Treatment of water-based liquid waste: Section 5.7.3

Treatment of POP-containing waste: Section 5.8.1.3

Treatment of mercury-containing waste: Section 5.8.2.3

Best available techniques (BAT) conclusions
Chapter 6 presents the BAT conclusions as defined in Article 3(12) of Directive 2010/75/EU.

Emerging technigues
Chapter 6 presents information on ‘emerging techniques' as defined in Article 3(14) of Directive
2010/75/EU.

Concluding remarks
Concluding remarks and recommendations for future work are presented in Chapter 8.

4, Information sources and the derivation of BAT

This document is based on information collected from a number of sources, in particular
through the TWG that was established specifically for the exchange of information under
Avrticle 13 of the Directive. The information has been collated and assessed by the European
IPPC Bureau (of the Commission's Joint Research Centre) who led the work on determining
BAT, guided by the principles of technical expertise, transparency and neutrality. The work of
the TWG and all other contributors is gratefully acknowledged.

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

. identification of the key environmental issues for the Waste Treatment sector;
. examination of the techniques most relevant to address these key issues;
. identification of the best environmental performance levels, on the basis of the available

data in the European Union and worldwide;

. examination of the conditions under which these environmental performance levels were
achieved, such as costs, cross-media effects, and the main driving forces involved in the
implementation of the techniques;

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

other environmental performance levels) and the associated monitoring for this sector
according to Article 3(10) of, and Annex IlI to, the Directive.
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Expert judgement by the European IPPC Bureau and the TWG has played a key role in each of
these steps and the way in which the information is presented here.

Where available, economic data have been given together with the descriptions of the
techniques presented in the sections mentioned above. These data give a rough indication of the
magnitude of the costs and benefits. However, the actual costs and benefits of applying a
technique may depend strongly on the specific situation of the plant concerned, which cannot be
evaluated fully in this document. In the absence of data concerning costs, conclusions on the
economic viability of techniques are drawn from observations on existing plants.

Unless otherwise mentioned, all graphs and tables presented in Chapters 1 to 6 were produced
by the EIPPCB by using the information exchanged for the review of the Waste Treatment
BREF under Article 13 of the IED, in particular the plant-specific information submitted
through questionnaires (see Annex 9.1).

5. Review of BAT reference documents (BREFS)

BAT is a dynamic concept and so the review of BREFs is a continuing process. For example,
new measures and techniques may emerge, science and technologies are continuously
developing and new or emerging processes are being successfully introduced into the industries.
In order to reflect such changes and their consequences for BAT, this document will be
periodically reviewed and, if necessary, updated accordingly.

6. Contact information

All comments and suggestions should be made to the European IPPC Bureau at the Joint
Research Centre at the following address:

European Commission

Joint Research Centre (JRC)

Directorate B — Growth and Innovation
Circular Economy and Industrial Leadership Unit
European IPPC Bureau

Edificio Expo

¢/ Inca Garcilaso, 3

E-41092 Seville, Spain

Telephone: +34 95 4488 284

Fax: +34 95 4488 426

E-mail: JRC-B5-EIPPCB@ec.europa.eu
Internet: http://eippch.jrc.ec.europa.eu
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SCOPE

This BAT reference document (BREF) concerns the following activities specified in Annex | to
Directive 2010/75/EU, namely:

. 5.1. Disposal or recovery of hazardous waste with a capacity exceeding 10 tonnes per day
involving one or more of the following activities:

(a) biological treatment;

(b) physico-chemical treatment;

(c) blending or mixing prior to submission to any of the other activities listed in
points 5.1 and 5.2 of Annex | to Directive 2010/75/EU,;

(d) repackaging prior to submission to any of the other activities listed in points 5.1
and 5.2 of Annex | to Directive 2010/75/EU;

(e) solvent reclamation/regeneration;

(f) recycling/reclamation of inorganic materials other than metals or metal
compounds;

(9) regeneration of acids or bases;

(h) recovery of components used for pollution abatement;

(i) recovery of components from catalysts;

(j) oil re-refining or other reuses of oil;

. 5.3. (a) Disposal of non-hazardous waste with a capacity exceeding 50 tonnes per day
involving one or more of the following activities, and excluding activities covered by
Council Directive 91/271/EEC of 21 May 1991 concerning urban waste-water treatment:

(1) biological treatment;
(i) physico-chemical treatment;
(iii)  pre-treatment of waste for incineration or co-incineration;
(iv)  treatment of ashes;
(v) treatment in shredders of metal waste, including waste electrical and
electronic equipment and end-of-life vehicles and their components.
(b) Recovery, or a mix of recovery and disposal, of non-hazardous waste with a
capacity exceeding 75 tonnes per day involving one or more of the following
activities, and excluding activities covered by Directive 91/271/EEC:
Q) biological treatment;
(i) pre-treatment of waste for incineration or co-incineration;
(iii)  treatment of ashes;
(iv)  treatment in shredders of metal waste, including waste electrical and
electronic equipment and end-of-life vehicles and their components.

When the only waste treatment activity carried out is anaerobic digestion, the
capacity threshold for this activity shall be 100 tonnes per day.

. 5.5. Temporary storage of hazardous waste not covered under point 5.4 of Annex | to
Directive 2010/75/EU pending any of the activities listed in points 5.1, 5.2, 5.4 and 5.6 of
Annex | to Directive 2010/75/EU with a total capacity exceeding 50 tonnes, excluding
temporary storage, pending collection, on the site where the waste is generated.

. 6.11. Independently operated treatment of waste water not covered by Directive
91/271/EEC and discharged by an installation undertaking activities covered under points
5.1, 5.3 or 5.5 as listed above.

Referring to independently operated treatment of waste water not covered by Directive
91/271/EEC above, this BREF also covers the combined treatment of waste water from
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different origins if the main pollutant load originates from the activities covered under points
5.1, 5.3 or 5.5 as listed above.

This BREF does not address the following:

. Surface impoundment.

. Disposal or recycling of animal carcases or of animal waste covered by the activity
description in point 6.5 of Annex | to Directive 2010/75/EU when this is covered by the
BREF on the slaughterhouses and animal by-products industries (SA).

. On-farm processing of manure when this is covered by the BREF for the intensive rearing
of poultry or pigs (IRPP).

. Direct recovery (i.e. without pretreatment) of waste as a substitute for raw materials in
installations carrying out activities covered by other BREFs, e.qg.:

o Direct recovery of lead (e.g. from batteries), zinc or aluminium salts or recovery
of the metals from catalysts. This may be covered by the BREF for the non-
ferrous metals industries (NFM).

o Processing of paper for recycling. This may be covered by the BREF for the
production of pulp, paper and board (PP).

o Use of waste as fuel/raw material in cement kilns. This may be covered by the
BREF for the production of cement, lime and magnesium oxide (CLM).

. Waste (co-)incineration, pyrolysis and gasification. This may be covered by the BREF for
waste incineration (WI) or the BREF for large combustion plants (LCP).
. Landfill of waste. This is covered by Directive 1999/31/EC on the landfill of waste. In

particular, underground permanent and long-term storage (> 1 year before disposal,
> 3 years before recovery) are covered by Directive 1999/31/EC.

. In situ remediation of contaminated soil (i.e. unexcavated soil).

. Treatment of slags and bottom ashes. This may be covered by the BREF for waste
incineration (WI) and/or the BREF for large combustion plants (LCP).

. Smelting of scrap metals and metal-bearing materials. This may be covered by the BREF
for non-ferrous metals industries (NFM), the BREF for iron and steel production (IS),
and/or the BREF for the smitheries and foundries industry (SF).

. Regeneration of spent acids and alkalis when this is covered by the BREF for ferrous
metals processing.

. Combustion of fuels when it does not generate hot gases which come into direct contact
with the waste. This may be covered by the BREF for large combustion plants (LCP) or
by Directive 2015/2193/EU.

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

. Economics and cross-media effects (ECM);

. Emissions from storage (EFS);

. Energy efficiency (ENE);

. Monitoring of emissions to air and water from IED installations (ROM);

. Production of cement, lime and magnesium oxide (CLM);

. Common waste water and waste gas treatment/management systems in the chemical
sector (CWW);

. Intensive rearing of poultry or pigs (IRPP).

The scope of this document does not include matters that only concern safety in the workplace
or the safety of products because these matters are not covered by the Directive. They are
discussed only where they affect matters within the scope of the Directive.
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The remainder of this chapter seeks to clarify which activities of the whole waste management
chain are included or not included in this document.

The waste management sector and this document

The chain of activities involved in waste management is long and extends outside the scope of
Directive 2010/75/EU (Industrial Emissions Directive, or IED). The following figure tries to
summarise which activities from the waste management sector are covered in the series of
BREFs.

WT BREF Other BREFs \

Activities A

Wast Activities B

ActivitiesC I Output
ActivitiesD Landfill

N Fe Y,

NB: crossed out areas are not covered in this document
LCA: Life Cycle Assessment

Waste management and this document

A full Life Cycle Assessment (LCA) applied to a certain waste can consider all the links in the
waste chain as well as the impact of the final product/waste on the environment. The IED is not
intended to address these analyses but instead focuses on installations. For example,
minimisation of the amount and/or toxicity of the waste produced at source in industrial
installations is intrinsic to the IED and is covered by sectorial BREFs (see list preceding the
Preface of this document). Another example shows that waste management also covers strategic
decisions on what type of waste is dealt with in each available waste treatment/process/option or
what treatment is applied to such a waste. This decision depends on the waste treatment options
available at local, regional, national or international level, which also depends on the location
where the waste is produced.

As shown in the previous figure, the actual combustion of waste is not included in the scope of
this document. It is addressed in sectorial BREFs, where the different combustion processes are
analysed depending on the industrial sector in which they are applied (e.g. waste incineration,
large combustion plants, cement kilns). By including the processing of waste to be used as fuel,
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this document covers the treatments that can be applied to make different types of waste suitable
for the fuel quality required by different combustion processes.

Some materials are categorised according to legislation, for example as recovered fuel (REF),
refuse-derived fuel (RDF) or solid recovered fuel (SRF). It is not the intention of this document
to enter into a discussion of the definition of any waste term. Also, some of those materials can
be classified as hazardous according to legislation.

In general, this document does not aim to address the following topics:

o defining end-of-waste criteria;

. defining by-product criteria;

. defining product specifications or quality criteria for waste output;

. defining acceptance criteria for installations not covered by the Waste Treatment (WT)
BREF;

. determining whether a waste is hazardous or non-hazardous.

This document includes those treatments that can make a waste reusable or recoverable.
However this document does not include reuse or recovery options that go directly from one
industrial sector to another without treatment (e.g. reuse of foundries' sand or some compatible
catalysts as a raw material in cement kilns, reuse of waste containing metals in non-ferrous
metal processing). This issue is shown in the next figure.

As mentioned above, no techniques related to landfills are included in this document. The only
issues covered are those related to the treatment of waste to make it more suitable for
landfilling.

The following figure tries to clarify and summarise the issues covered in the above paragraphs.

N/
A\

WASTE WT
BREF | CO“%ON

QA

N/
/N

A 4
WASTE WT AR
SREF | RE-usE/)!F\COVERY
s, +

QA

\/
/N

WASTE WT
BREF | "A%NG

QA

NB: QA: quality assurance.

Examples of waste treatments not covered in this document
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1 GENERAL INFORMATION

[ 1, Concawe 1996 1 [ 2, Monier, V. and Labouze, E. 2001 ], [ 3, Eunomia Research &
Consulting 2002 1, [ 4, Viscolube 2002 1, [ 5, Militon et al. 1998 ] [ 6, UK Department of the
Environment 1991 ], [ 7, UK, H. 1995 ], [ 8, LaGrega et al. 1994 ], [ 9, UK EA 2001 ],[ 10,
Babtie Group Ltd 2002 ], [ 11, WT TWG 2003 ], [ 12, UNEP 2000 ], [ 13, Schmidt et al. 2002 ]
[ 14, Eucopro 2003 ], [ 15, Iswa 2003 ], [ 16, Ruiz, C. 2002 ] [ 17, Pretz et al. 2003 ], [ 18, WT
TWG 2004 1, [ 19, WT TWG 2004 1, [ 20, EUROSTAT 20181, [ 21, WT TWG 2016 ].

1.1  The purpose of waste treatment

In the European Union, waste management is an essential part of the transition to a circular
economy? and is based on the "waste hierarchy" which sets the following priority order when
shaping waste policy and managing waste at the operational level (see Figure 1.1): prevention,
(preparing for) reuse, recycling, recovery and, as the least preferred option, disposal (which
includes landfilling and incineration without energy recovery that are outside the scope of this
document).

Source: European Commission

Figure 1.1: Waste hierarchy

However, secondary products are inherent to any industrial process and normally cannot be
avoided. In addition, the use of products by society leads to residues.

In many cases, these types of materials (both secondary products and residues) cannot be reused
by other means and may become unmarketable. These materials are typically given to third
parties as waste for further treatment.

The reason for treating waste often depends on the type of waste and the nature of its

subsequent fate. Some waste treatments and installations are multipurpose. In this document, the

basic reasons for treating waste are:

. to reduce the hazardous nature of the waste;

. to separate the waste into its individual components, some or all of which can then be put
to further use/treatment;

2 http://ec.europa.eu/environment/circular-economy/index_en.htm
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. to reduce the amount of waste which has to be finally sent for disposal;
. to transform the waste into a useful material.

The following are examples of subsequent fates that can have an impact on the preliminary
treatment:

I. a liquid effluent sent to sewer;

I1. a solid waste sent to landfill;

I11. a solid waste sent to incineration;

V. the combustion of recovered fuel oil;

V. the marketing of a compost or a digestate product.

There are also a number of important ancillary activities associated with waste treatment, such
as waste acceptance and storage, either pending treatment on site or removal off site, that are
unavoidable to fulfil the purpose of treating waste.

2 Waste Treatment
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1.2  Types of waste and waste generation in the EU

[ 2, Monier, V. and Labouze, E. 2001 ], [ 5, Militon et al. 1998 ] [ 6, UK Department of the
Environment 1991 1, [ 7, UK, H. 19951, [ 8, LaGrega et al. 1994 ], [ 9, UK EA 2001 ], [ 10,
Babtie Group Ltd 2002 ], [ 11, WT TWG 2003 ], [ 12, UNEP 2000 ], [ 13, Schmidt et al. 2002 ]
[ 14, Eucopro 2003 ], [ 15, Iswa 2003 ], [ 16, Ruiz, C. 2002 ] [ 17, Pretz et al. 2003 ], [ 18, WT
TWG 20041, [19, WT TWG 2004 ], [ 21, WT TWG 2016 ].

This section summarises the types of waste generated in the EU and its classification in the EU,
as well as summarising the generation of waste in individual EU countries and some other
European countries. Waste treatment installations are designed to manage waste. This waste is
the input (called raw material in other industrial sectors) to these installations. Since the IED
Annex | has capacity thresholds for Waste Management activities, clearly not all the waste
produced in the EU is treated by installations covered by the IED.

In the waste treatment sector as a whole, the physico-chemical properties of such inputs can
vary widely. Waste can be liquid to solid from a physical properties perspective, and organic to
inorganic in character from a chemical properties perspective.

The European List of Waste (LoW) classifies waste according to the activities that generate the
waste, categorising the waste into 20 different groups as listed below.
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Table 1.1:

List of Waste (LoW) as per amended Commission Decision 2000/53/EC

2-digit Groups of wastes
code

01 Wastes resulting from exploration, mining, quarrying, physical and chemical treatment of
minerals

02 Wastes from agriculture, horticulture, aquaculture, forestry, hunting and fishing, food
preparation and processing

03 Wastes from wood processing and the production of panels and furniture, pulp,
paper and cardboard

04 Wastes from the leather, fur and textile industries

05 Wastes from petroleum refining, natural gas purification and pyrolytic treatment
of coal

06 Wastes from inorganic chemical processes

07 Wastes from organic chemical processes

08 Wastes from the manufacture, formulation, supply and use (MFSU) of coatings
(paints, varnishes and vitreous enamels), adhesives, sealants and printing inks

09 Wastes from the photographic industry

10 Wastes from thermal processes

1 Wastes from chemical surface treatment and coating of metals and other materials;
non-ferrous hydro-metallurgy

12 Wastes from shaping and physical and mechanical surface treatment of metals
and plastics

13 Oil wastes and wastes of liquid fuels (except edible oils, 05 and 12)

14 Waste organic solvents, refrigerants and propellants (except 07 and 08)

15 Waste packaging; absorbents, wiping cloths, filter materials and protective
clothing not otherwise specified

16 Wastes not otherwise specified in the list

17 C_on;truction and demolition wastes (including excavated soil from contaminated
sites

18 Wastes from human or animal health care and/or related research (except
kitchen and restaurant wastes not arising from immediate health care)
Wastes from waste management facilities, off-site waste water treatment plants

19 and the preparation of water intended for human consumption and water for
industrial use
Municipal wastes (household waste and similar commercial, industrial and

20 S . - :
institutional wastes) including separately collected fractions

In order to give a snapshot of the waste situation in Europe, the following tables ( Table 1.2 and

Table 1.3) show the amount of waste generated in the EU-28 and Norway.

Table 1.2:  Waste generated in the EU-28 and Norway in 2014
Total waste Hazardous waste Non-hazardous
Geographic origin generated in 2014 | generated in 2014 | waste generated in
(kt) (kt) 2014 (kt)
EU-28 2 494 700 99 850 2414 370
Norway 11727 1357 9 364
Source: [ 20, EUROSTAT 2018]
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Table 1.3:  Waste generation by economic activity and households in 2014 (1 000 tonnes)
ge g 5 E 0
sE | 5 > g | g8 | %

Total é 5 é N Lg) % © E
EU-28 2494 700 704630 | 255060 | 93210 | 858750 | 374510 | 208 540
Belgium 56 435 66 14 286 1357 17 078 18120 5529
Bulgaria 179 677 159 280 3275 9105 1340 3993 2683
gzmnc 23395 234 4394 | 1012 | 9410 | 5084 | 3261
Denmark 20081 12 1281 1082 10572 3710 3424
Germany 387 504 7432 61 083 9975 206 466 65 660 36 888
Estonia 21804 7905 4 407 7110 671 1229 482
Ireland 15 167 2707 3468 321 1884 5262 1524
Greece 69 759 47 357 4 894 10 888 480 1632 4508
Spain 110518 18 641 14814 5272 20418 31215 20 160
France 324 463 2 346 21797 1588 227 607 42 751 28 374
Croatia 3725 5 485 120 618 1334 1162
Italy 159 107 982 26 645 3195 51 684 46 941 29 660
Cyprus 2051 155 613 2 635 232 414
Latvia 2621 5 245 727 454 481 709
Lithuania 6 200 25 2609 101 435 1869 1162
Luxembourg 7073 130 286 3 5979 432 243
Hungary 16 651 83 2699 2312 3440 5166 2951
Malta 1665 36 25 4 1241 205 154
Netherlands 133 250 132 13 452 1671 90 735 18 736 8 523
Austria 55 868 43 5 396 531 40 266 5463 4170
Poland 179 180 75736 31431 21892 17 010 24 869 8 240
Portugal 14 587 278 2616 177 1513 5292 4710
Romania 176 334 152 784 6 745 7092 1050 4841 3823
Slovenia 4 686 8 1315 633 815 1353 562
Slovakia 8 863 289 2613 544 1387 2 297 1733
Finland 95970 62 775 10293 1464 16 297 3538 1603
Sweden 167 027 138 898 5726 1895 8 867 7468 4173
Ei”rige(fom 251037 | 26291 | 8167 | 3140 | 120394 | 65330 | 27715
Norway 11727 333 2809 151 2694 3361 2379
Source: [ 20, EUROSTAT 2018]

The following sections cover more specific information, classified by type of waste. Not all
types of waste are covered as in some cases the sector is minor or no information has been

provided.

121

End-of-life vehicles (EoLVs)

Directive 2000/53/EC on end-of-life vehicles was established with the aim of making vehicle
depollution, dismantling and recycling more environmentally friendly and economically
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attractive. Moreover, it sets clear targets for mandatory depollution, quantifies targets for reuse,
recycling and recovery of vehicles and their components, and pushes producers to manufacture
new vehicles with a view to their recyclability. The Directive also provides the opportunity for
producers/importers to bear the expenditure of end-of-life treatment when the processes
necessary to meet the established targets are not economically viable. [ 20, EUROSTAT 2018 ]

Table 1.4 below shows the amount of end-of-life vehicles generated and treated in the EU-28
and Norway in 2014.

Table 1.4:  End-of-life vehicles generated and treated in the EU-28 and Norway in 2014
L Number Weight Total recovery Total recovery
Geographic origin and reuse
generated generated (kt) | and reuse (kt)
(percentage)

EU-28 6 149 682 6 354 5799 91.3
Norway 139 920 158 154 97.5
Source: [ 20, EUROSTAT 2018]

1.2.2 Waste electrical and electronic equipment (WEEE)

WEEE is a complex mixture of materials and components that, because of their hazardous
content, and if not properly managed, can cause major environmental and health problems.
Moreover, the production of modern electronics requires the use of scarce and expensive
resources. To improve the environmental management of WEEE and to contribute to a circular
economy and enhance resource efficiency the improvement of collection, treatment and
recycling of electronics at the end of their life is essential. The management of WEEE is
regulated by Directive 2012/19/EU of the European Parliament and of the Council of 4 July
2012 on waste electrical and electronic equipment (WEEE Directive). This Directive sets out
rules and targets for the collection, treatment and recovery of WEEE. [ 20, EUROSTAT 2018 ]

The importance of proper treatment of end-of-life refrigerators is highlighted by the following.
In Europe, a refrigerator contains an average of 125 g of chlorofluorocarbon (CFC - R12) in its
cooling circuit, and around 312 g of CFC-R11 in the insulation materials. This represent a
global warming potential (GWP) equivalent to around 2.8 tonnes of CO, (equivalent to the CO,
emission of a medium-sized European car travelling about 17 000 km). The estimated
200 million CFC-containing refrigerators and freezers still in use in Europe contain the
equivalent of around 560 megatonnes of CO,. It is estimated that the proper treatment of end-of-
live refrigerators would reduce CFC release to the atmosphere by above 15 000 tonnes in the
next 10 years. [ 23, Mech. subgroup 2014 ]. Table 1.5 below shows the amount of WEEE
collected and treated in the EU-28 and Norway in 2014.
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Table 1.5: WEEE collected and treated in the EU-28 and Norway in 2014
Geographic origin WEEE collected WEEE treated Recycling and reuse
(tonnes) (tonnes) (tonnes)
EU-28 3483352 3427 156 2 845 996
Norway 107 236 105 392 85 857
Source: [ 20, EUROSTAT 2018]

1.2.3

Municipal solid waste (MSW)

Municipal waste consists to a large extent of waste generated by households, but may also
include similar wastes generated by small businesses and public institutions and wastes not
collected by the municipality.

Table 1.6 below shows the quantity of municipal waste generated and treated in the EU-28 and
Norway in 2014.

Table 1.6: Municipal waste generated and treated in the EU-28 and Norway in 2014
Waste Waste Ener Material Coma%ogtlng
Geographic origin generated | generated recoverg)zkt) recycling | 4 oction
(kt) (kg/capita) y (kt) g(kt)
EU-28(1) 242 999 479 57 220 67 801 38 210
Norway 2175 423 1148 567 351

(Y) EUROSTAT estimate.
Source: [ 20, EUROSTAT 2018 ]

1.2.4 Sludge and liquid waste

Table 1.7 below shows the amount of industrial effluent sludge and sludge and liquid wastes
from waste treatment generated in the EU-28 and Norway in 2014.

Industrial effluent sludge and sludge and liquid wastes from waste treatment
generated in the EU-28 and Norway in 2014

Table 1.7:

Sludge and liquid wastes from waste

Industrial effluent sludge (*) (kt) treatment () (kt)

Geographic origin
Non- Hazardo Non-
Total Total Hazardous
hazardous us hazardous
EU-28 12 700 10 500 2200 11 420 10 170 1250
Norway 47 23 24 0 0 0

() Waste category (EWC-Stat - substance oriented waste statistical nomenclature) as per Commission Regulation

849/2010 is 03.2.

(%) Waste category (EWC-Stat - substance oriented waste statistical nomenclature) as per Commission Regulation

849/2010 is 03.3.

The equivalence with the European List of Waste (LoW) established by Commission Decision 2000/532/EC is
defined in Annex I1l to Commission Regulation 849/2010.
Source: [ 20, EUROSTAT 2018 ]
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1.2.5 Waste acids and bases

The European List of Waste (LoW) specifies several waste acids and bases (e.g. sulphuric,
hydrochloric, hydrofluoric, phosphoric, nitric acids, calcium hydroxide, soda and ammonia). HF
is not regenerated; it is only neutralised. Bases are not typically regenerated; they are typically
neutralised.

Table 1.8 below shows the amount of acid, alkaline or saline waste generated and treated in the
EU-28 and Norway in 2014.

Table 1.8:  Acid, alkaline or saline waste generated and treated in the EU-28 and Norway in 2014

Geographic Acid, alkaline or saline Recovery other than
origin wastes (1) generated (kt) Total waste treated (ki) energy recovery (2) (kt)
EU-28 5900 4430 3140

Norway 458 332 31

() Waste category (EWC-Stat - substance oriented waste statistical nomenclature) as per Commission Regulation
849/2010 is 01.2. The equivalence with the European List of Waste (LoW) established by Commission Decision
2000/532/EC, is defined in Annex 111 to Commission Regulation 849/2010.

(%) Recovery operations as defined in Section 8 of Annex I to Commission Regulation 849/2010.

Source: [ 20, EUROSTAT 2018]

1.2.6 Waste adsorbents

The adsorption of pollutants onto activated carbon, charcoal and ion exchange resins has been a
common treatment technique for removing contaminants (e.g. COD, Persistent organic
pollutants (POPs), inorganics) from waste water and gaseous emissions for many years.
Activated carbon is also used for the removal of VOCs from gaseous emissions (e.g. pesticide
manufacture/formulation). Regeneration procedures for the spent carbon have been primarily
limited to thermal reactivation technologies. Resins have found selective uses where recovery
and reuse of the organic contaminant is an important objective, or where the contaminants are in
reasonably high concentrations. They can also be used for inorganic removal and recovery (e.g.
colour removal in the sugar industry, dyestuff and paper mill industries, for phenol removal, for
processing new antibiotics, and for polishing high-purity waters). Charcoal is primarily used as
a fuel. As it is destroyed by combustion processes, charcoal is typically not regenerated.

1.2.7 Waste catalysts
Catalytic methods are used extensively in the production of inorganic and organic chemicals, in
petroleum technology, in the processing of synthetic gaseous and liquid fuels, in pollution

control, and in energy conversion. Some examples of the use of catalysts are shown in
Table 1.9.

Table 1.9:  Examples of industrial sectors where catalysts are used

Industrial sector Examples
Production of inorganic chemicals Hydrogen, ammonia, sulphuric acid, etc.
Organic synthesis, hydrogenation, dehydrogenation,
acid-catalysed dehydration reactions, oxychlorination
Reforming, desulphurisation, hydrocracking,
cracking, isomerisation, lube oil hydrofinishing
NOy abatement using SCR, off-gas from combustion
purification

Production of organic chemicals

Petroleum refining

Pollution control techniques
Source: [ 16, Ruiz, C. 2002 ]
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The type of compounds used as catalysts depends on the process but metals, metal oxides and
acids are the ones most commonly used, as shown in Table 1.10.

Table 1.10: Overview of the types of catalysts used for industrial purposes

Importance

Examples

They are among the most important

Ag, Au, and the platinum group metals
Transition metals: Fe, Co, Ni, Mo, Ru, Rh,

Metals and widely used industrial catalyst Pd, W, Re, Os, Ir and Pt.
components Non-transition metals: Cu, Zn, As, Se, Ag,
Cd, Sn, Sh, Te, Au, Hg, Pb and Bi.
Metal oxides They are common catalyst supports Al,Q3, SiO,” Al,O3, V,05, Zn0O,

and catalysts.

NiO, MoO;, CoO, WO,.

Metal sulphides

Hydroprocessing of petroleum

MoS,, WS,

Insulators that show the transition

Acids from basic to amphoteric and acidic Na,O, MgO, Al,O;, SiO, , and P,0Os
character
Bases Limited industrial applications Ba(OH),, Ca(OH),, Na

Multifunctional
catalysts

Multi-step oxidation-reduction and/or
acid-base reactions, e.g.
isomerisation followed by
dehydrogenation of alkanes, followed
by hydrogenation of the olefin

Bi,03;, M0O3

lon exchangers

Aldol condensation, acetal formation,
epoxidation, hydratation

Cationic (contain e.g. sulfonic acid groups)
and anionic (contain e.g. quaternary
ammonium groups)

Organometallic

Hydrogenation, hydroformylation

Heterogenised metal complexes

complexes and polimerisation reactions (e.g. [Rh(CO)x(PPh3)x] complex)
Polymerisations, aromatics Co(acetate),, amines, benzoil peroxide
Others oxidations, synthesis of various 2 ! P !

percarbonates and peresters etc.

aromatic compounds
Source: [ 16, Ruiz, C. 2002 ]

Theoretically, a catalyst remains unchanged after its use. However, a catalyst may lose its
activity because of deactivation (e.g. by poisoning by P, S, As, Se, Te, Bi, C), fouling or
sintering) and redispersion of the active centres of the catalysts. As a consequence, waste
catalysts are mainly composed of the same materials as the native catalyst but contaminated
with some additional components.

1.2.8 Wastes from combustion processes

During combustion processes, solid wastes, typically called ‘ashes’, are generated. Two types of
ashes are usually present: ‘bottom ashes’ (the treatment of which is outside the scope of this
document), typically collected at the bottom of the combustion chamber, and ‘fly ashes’ that are
smaller and are entrained with the flue-gas. Fly ashes are usually collected with flue-gas
treatment equipment that also capture other pollutants from the flue-gas. This corresponds to
flue-gas treatment (FGT) residue, also sometimes abusively called air pollution control (APC)
residue.

Strictly speaking, ‘APC residue’ only covers the solid residues arising from flue-gas treatment
equipment, including the reacted and unreacted reagents but excluding the fly ashes portion.
However, from a management point of view, all these solid residues are usually handled in
combination (notably in the dry and semi-dry systems), although a separate collection and
management is also possible.

Table 1.11 below shows the amount of combustion waste generated and treated in the EU-28
and Norway in 2014.
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Table 1.11: Combustion waste generated and treated in the EU-28 and Norway in 2014

Combusti | busti Recovery other than
Geographic origin om ustlonlwaste Total combustion energy recovery ()
generated (°) (kt) waste treated (kt) (k)
EU-28 127 400 121 330 47 750
Norway 890 921 421

() Waste category (EWC-Stat - substance oriented waste statistical nomenclature) as per Commission Regulation
849/2010 is 12.4. The equivalence with the European List of Waste (LoW) established by Commission Decision
2000/532/EC, is defined in Annex 111 to Commission Regulation 849/2010.

(%) Recovery operations as defined in Section 8 of Annex Il to Commission Regulation 849/2010.

Source: [ 20, EUROSTAT 2018]

An overview of the main components of solid FGT residues is given in Table 1.12.

Table 1.12: Main components of the FGT residues

Solid component Dry/semi-dry systems Wet systems
Fly ash/boiler ash Always Always
Excess reagent + reaction Always: can be mixed with fly
9 ash; contain Cl salts and/or Not applicable
products
gypsum

Optional: usually handled separately
Dioxin sorbent Optional: usually included or reused as a neutralisation agent in
waste water treatment plant

Always: sometimes mixed with fly

Sludge Not applicable ash/boiler ash (Bamberg model)

Obtained if no liquid effluent: handled

Gypsum Included in reaction products separately if recovery is intended

Cl salts Included in reaction products; | Obtained if no liquid effluent:
recovery possible in some cases | recovery possible in some cases

Source: [ 15, Iswa 2003 ], [ 18, WT TWG 2004 ]

1.2.9 Waste oil

Waste oil (WO) is a term defined as any mineral-based or synthetic lubrication, or industrial oils
which have become unfit for the use for which they were originally intended, and in particular
used combustion engine oils and gearbox oils, and also mineral lubricating oils, oils for turbines
and hydraulic oils (Directive 2008/98/EC). WOs are classified as hazardous waste and are
collected separately so that they can be safely treated. Waste oil contaminated with more than
50 ppm of PCBs is not included in this category because they are treated differently by EU
legislation.

There are two types of waste oil (WQO), one related to waste lubricants, which should not be
mixed in any other waste stream and currently recovered through regeneration processes (see
Section 5.2), and a second stream related to fuels and mixtures of fuels currently recovered to be
used as a fuel (see Section 5.3.2.4).

Table 1.13 below shows the amount of used oils generated and treated in the EU-28 and
Norway in 2014.
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Table 1.13: Used oils generated and treated in the EU-28 and Norway in 2014

Used oils Recovery other
Geographic 1 Used oils treated | Energy recovery than energy
e generated () 2 7
origin (tonnes) (tonnes) (‘) (tonnes) recovery (%)
(tonnes)
EU-28 4210000 2 370 000 230 000 2 030 000
Norway 44 448 114 744 93 330 15235

(%) Waste category (EWC-Stat - substance oriented waste statistical nomenclature) as per Commission Regulation
849/2010 is 01.3. The equivalence with the European list of waste (LoW) established by Commission Decision
2000/532/EC, is defined in Annex Il to Commission Regulation 849/2010.

(%) Recovery operations as defined in Section 8 of Annex 11 to Commission Regulation 849/2010.

Source: [ 20, EUROSTAT 2018 ]

1.2.10 Waste solvents

In this document, the term ‘waste solvent’ or 'spent solvent' is to be understood as including all
those wastes from organic substances used as solvents, also including those used in organic
chemical processes and from manufacture, formulation, supply, and those used in coatings
(paints, varnishes and vitreous enamels), adhesives, sealants and printing inks.

Table 1.14 shows the amount of spent solvents generated and treated in the EU-28 and Norway
in 2014.

Table 1.14: Spent solvents generated and treated in the EU-28 and Norway in 2014

Recovery other
Spent solvents
L 1 Spent solvents Energy recovery than energy
Geographic origin generated (°) 2 7
treated (tonnes) () (tonnes) recovery (%)
(tonnes)
(tonnes)
EU-28 2320000 1780 000 520 000 650 000
Norway 11 087 18 892 9221 6473

(%) Waste category (EWC-Stat - substance oriented waste statistical nomenclature) as per Commission Regulation
849/2010 is 01.1. The equivalence with the European List of Waste (LoW) established by Commission Decision
2000/532/EC, is defined in Annex 111 to Commission Regulation 849/2010.

(%) Recovery operations as defined in Section 8 of Annex Il to Commission Regulation 849/2010.

Source: [ 20, EUROSTAT 2018 ]

1.2.11 Other recyclable wastes
1.2.11.1 Waste plastics

Plastics are mainly organic polymers with different compositions. Typical polymers are
polystyrene (PS), polyethylene terephthalate (PET), polypropylene (PP), polyurethane (PUR),
polyacrylonitrile-butadiene-styrene (ABS), polycarbonate (PC), polyamides (PA), polybutylene
terephthalate (PBT), polyethylene (PE), polyvinyl chloride (PVC), etc. Waste plastics can be
differentiated according to their type of use as shown below.
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Table 1.15: Waste plastics

Polymers contained

Sectors in the plastic waste
Packaging PE, PP, PS, PET, etc.
Automotive PP, PUR, ABS, etc.
Electrical PS, ABS, PP, etc.
Electronics PC, PA, PBT, etc.

Building + Construction

Foams: PUR, Expanded
PS, Mix of PS, etc.
Pipes: PE, PVC, etc.

Agricultural (films)

PE

Source: [ 18, WT TWG 2004 ] [ 24, CEFIC 2002 ],

The requirements for each type of use differ
user, typically a downstream producer, on a
examples of metals that are present in plastics.

Table 1.16: Presence of metals in plastics

greatly and the choice of plastic is made by the
cost performance ratio. Table 1.16 shows some

Metal Use Comment
About 0.7-2 % Pb as stabiliser in many types of
PV/C stabiliser rigid PVC for outdoor use (use discontinued in the
EU-28 at the end of 2015, hence only present as
Pb legacy in waste/recycled material)
Lead chromate for yellow and red colours contains
Pigment in plastic 64 % lead (use subject to restrictions in REACH
Annex XVII)
About 0.2 %, up to a maximum of 0.5 % cadmium
used as stabiliser in rigid PVC for outdoor
cd Stabilisers (e.g. PVC) applications (window profiles, sidings). (Use
discontinued in the EU-27 in 2006 and subject to
restrictions in REACH Annex XVI11.)
Pigment None
Sh, P or Br Flame retardant None
;an d((érr((l\/ul))) Colours and pigments None
Source: [ 18, WT TWG 2004 1, [ 25, COWI A/S 2002 ], EUROMETAUX comment #22, FR comment #248
in: [21, WT TWG 2016 ]

Table 1.17 below shows the amount of waste plastics generated in the EU-28 and Norway in

2014.

Table 1.17: Waste plastics generated in the EU-28 and Norway in 2014

Geographic origin

Waste plastic (*) generated (kt)

EU-28

17 040

Norway

211

Commission Decision 2000/532/EC, is defined in A
Source: [ 20, EUROSTAT 2018 ]

() Waste category (EWC-Stat - substance oriented waste statistical nomenclature) as per Commission
Regulation 849/2010 is 07.4. The equivalence with the European List of Waste (LoW) established by

nnex I11 to Commission Regulation 849/2010.
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1.2.11.2 Waste wood

There are different types of waste wood, which can be categorised depending for example on
their origin and/or potential contamination. In Germany for instance, four types of waste wood
are distinguished:

. type I: wood that has not been (or only mechanically) treated:;
. type 1l: glued, coated or other treated waste wood without protection agents;
. type I11: waste wood treated with halogeno-organic components;

. type 1V: treated waste wood (e.g. supports in railways, fences) that cannot be categorised
as type I to 111 due to its pollutant content;

[DE comment #400 in [ 21, WT TWG 2016 ]]

Hazardous waste wood can arise from electrical and telephone/telegraph poles, supports in
railways and from all wood treated for outdoor uses. These treatments are based on creosote and
pentachlorophenol, metallic salts, copper sulphate, CFK treatment (Cu, F, Cr treatment), CCB
treatment (Cu, Cr, B treatment) or CCA treatment (Cu, Cr, As treatment).

Table 1.18 below shows the amount of waste wood (hazardous and non-hazardous) generated in
the EU-28 and Norway in 2014.

Table 1.18: Waste wood generated in the EU-28 and Norway in 2014

Geoaranhic oridin Total waste wood (%) Non-hazardous waste Hazardous waste

grap g generated (kt) wood generated (kt) wood generated (kt)
EU-28 50 280 48 560 1720
Norway 1390 1347 43

(%) Waste category (EWC-Stat - substance oriented waste statistical nomenclature) as per Commission Regulation
849/2010 is 07.5. The equivalence with the European List of Waste (LoW) established by Commission Decision
2000/532/EC, is defined in Annex 11 to Commission Regulation 849/2010.

Source: [ 20, EUROSTAT 2018 ]

1.2.12 Hazardous waste from the construction and demolition sector

Construction and demolition waste (CDW) is one of the heaviest and most voluminous waste
streams generated in the EU. It accounts for approximately 25-30 % of all waste generated in
the EU and consists of numerous materials, including concrete, bricks, gypsum, wood, glass,
metals, plastic, solvents, ashestos and excavated soil, many of which can be recycled.

As for hazardous mineral construction and demolition wastes (except waste containing
asbestos), Table 1.19 shows the amount generated in the EU-28 and in Norway in 2014.
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Table 1.19: Amount of hazardous mineral construction and demolition wastes generated in 2014
in the EU-28 and Norway

Hazardous mineral construction and
demolition wastes (*) generated (kt)
EU-28 8590

Norway 127

() Waste category (EWC-Stat - substance oriented waste statistical nomenclature) as per
Commission Regulation 849/2010 is 12.1. The equivalence with the European List of Waste
(LoW) established by Commission Decision 2000/532/EC, is defined in Annex Il to
Commission Regulation 849/2010.

Source: [ 20, EUROSTAT 2018]

Geographic origin

1.2.13 Waste contaminated with PCBs

Some types of waste contaminated with PCBs are electrical transformers, capacitors,
transformer oils and waste oils (waste oil contaminated with more than 50 ppm of PCB is
considered by European Legislation to be a special waste which cannot be treated in the same
way as waste oils). Some commonly found materials may also become polluted with PCBs
(soils, building materials, waste clothing, other debris, etc.). These can typically be
decontaminated by treatment with a solvent, and the resulting solvent and PCBs mixture may
then be processed.

Table 1.20 below shows the amount of waste containing PCBs generated and treated in the EU-
28 and Norway in 2014.

Table 1.20: Waste containing PCBs generated and treated in the EU-28 and Norway in 2014

Waste containing Wiaste containing Recovery other thr;m
- - . l
Geographic origin PCBs () generated PCBs treated (tonnes) energy recovery ()
(tonnes) (tonnes)
EU-28 40 000 40 000 10 000
Norway 5705 4 505 3078

(%) Waste category (EWC-Stat - substance oriented waste statistical nomenclature) as per Commission Regulation
849/2010 is 07.7. The equivalence with the European List of Waste (LoW) established by Commission Decision
2000/532/EC, is defined in Annex 111 to Commission Regulation 849/2010.

(%) Recovery operations as defined in Section 8 of Annex Il to Commission Regulation 849/2010.

Source: [ 20, EUROSTAT 2018 ]

1.2.14 Waste contaminated with SFg

Sulphur hexafluoride (SF¢) gas is used as the isolating and breaking medium in medium- and
high-voltage electrical equipment (switchgears and circuit-breakers) because of its dielectric
properties and electrical arc switching characteristics. The global consumption of SF¢ used in
electrical equipment manufacturing is more than 5 500 tonnes per year and rising. However, it is
also known to be a greenhouse gas with a substantial global warming potential (GWP > 22 800
according to Regulation (EU) No. 517/2014 on fluorinated greenhouse gases).

It is estimated that 20 million pieces of equipment containing SFq are currently installed in
Europe. The majority of them are used in electric companies (65 %) and the rest in other
industrial facilities (35 %). According to the regulation, the SF¢ needs to be recovered from the
equipment to be recycled, reclaimed or destroyed, without any intentional leaks to the
environment.

The first generation of switchgears, which have been in use for the last 30—40 years, are starting
to reach the end of their expected lifetime, making their disposal or recycling an important
emerging issue in Europe's waste treatment sector. [ES comment #1 in [ 21, WT TWG 2016 ]]
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1.2.15 Waste soils

Soil contamination is the occurrence of pollutants in soil above a certain level causing a
deterioration or loss of one or more soil functions. Also, soil contamination can be considered as
the presence of man-made chemicals or other alteration in the natural soil environment. This
type of contamination typically arises from the rupture of underground storage tanks,
application of pesticides, percolation of contaminated surface water to subsurface strata,
leaching of wastes from landfills or direct discharge of industrial wastes to the soil. The most
common chemicals involved are petroleum hydrocarbons, solvents, pesticides, lead and other
heavy metals. The occurrence of this phenomenon is correlated with the degree of
industrialisation and intensity of chemical usage. (see http://esdac.jrc.ec.europa.eu/themes/soil-
contamination). Table 1.21 below shows the amount of waste soils generated in the EU-28 and
Norway in 2014.

Table 1.21: Waste soils generated in the EU-28 and Norway in 2014

Waste soils (*) generated (kt)

Geographic origin

Total Hazardous
EU-28 462 800 8 050
Norway 35 0

(Y) Waste category (EWC-Stat - substance oriented waste statistical nomenclature) as per Commission
Regulation 849/2010 is 12.6. The equivalence with the European List of Waste (LoW) established by
Commission Decision 2000/532/EC, is defined in Annex 111 to Commission Regulation 849/2010.

Source: [ 20, EUROSTAT 2018 ]
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1.3 Installations for the treatment of waste

This section summarises the waste treatment sector in the EU. A short explanation of the
treatments performed is included here.

The waste sector is highly regulated in the EU. Legal definitions of common terms used in this
sector are available (e.g. waste, hazardous waste) in Directive 2008/98/EC on waste, the so-
called Waste Framework Directive.

Ultimately, waste is either recovered or disposed of. Waste treatment installations therefore
carry out operations for the recovery or disposal of waste. Waste treatment installations are not
typically considered to produce a product like other industrial sectors, but may do so if end-of-
waste criteria are met. It is considered that they provide services to society to handle their waste
materials. A waste treatment facility typically covers the contiguous land, structures, and other
areas used for storing, recovering, recycling, treating, or disposing of waste.

As is the case for waste types, classification of waste treatment (WT) activities is defined in the
Annexes to Directive 2008/98/EC.

The concept of a facility dedicated to the management of waste is not new. Long before the
enactment of waste legislation (hazardous or non-hazardous), companies which produced
waste already recognised the need for the specialised treatment and disposal of their wastes.
Many waste producers constructed and operated their own dedicated facilities, typically on-
site facilities.

Other companies that generated waste and did not have a suitable site or did not generate a
sufficiently large volume of waste to justify the investment in an on-site facility transported
their waste off site to specialised facilities for treatment and disposal. Such facilities are
typically referred to as commercial, off-site facilities. The commercial waste management
industry thus began the development of these off-site facilities in the late 1960s. Their role
was to collect and transport waste to specialised off-site facilities where they carried out the
treatment and disposal of that waste.

Just as there are many types of waste, there are many ways in which wastes can be
managed. For example, there are at least 50 commercially applied technologies for the
treatment of hazardous waste. A waste facility may function with just one technology, or it
may combine multiple technologies, particularly if it is a commercial facility serving a
number of waste producers.

There are some differences between a typical commercial off-site facility and an on-site
facility typically specialising in the treatment of a particular type of waste. This derives in
part from the fact that an off-site facility accepts waste from outside the local community,
while an on-site facility handles only that waste generated by what could be a long-
standing and important economic activity in the community. From a technical perspective,
the off-site facility generally handles a wider range of waste types and is typically larger
and more complex.

For example, off-site waste facilities may be categorised as follows:

. Installations focused mainly on recovering material as a saleable product (typically
solvents, oils, acids, or metals). Some use the energy value in the waste.
. Installations focused on changing the physical or chemical characteristics of a waste, or

degrade or destroy the waste constituents, using any of a wide variety of physical,
chemical, thermal, or biological methods.

. Installations focused on permanent emplacement of waste on or below the surface of the
land. Such installations are not covered in this document.
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As for the amount of waste treatment activities in Europe and Norway, different data are
available, depending for instance on the waste treatment capacity (e.g. thresholds of Annex | to
Directive 2010/75/EU), or on the level of emissions arising from these activities, e.g. falling
under Regulation (EC) 166/2006 concerning the establishment of an European Pollutant Release
and Transfer Register (PRTR).

Table 1.22 below gives an overview of the amount of waste treatment activities performed in
the EU-28 and Norway from different databases.

Table 1.22: Amount of waste treatment activities from different databases
T - f 3
Database/period EURgng O E-PRTR (9 (2014) IED '”?;%'Et)'ons 0
5.(@) 5.(c) 5.1
Installations | Installations | Disposal 5.3
for the for the or Disposal of
Waste treatment Recovery other than recovery or | disposal of | recovery non-
activity energy recovery disposal of non- of hazardous
hazardous hazardous | hazardous waste
waste waste waste
Geographic | EU-28 36 883 2577 4006 2937 () 1137 (9
origin NO 138 22 10 NA NA

(%) Recovery operations as per Section 8 of Annex Il to Commission Regulation 849/2010.
(®) Activity as per Annex | to Regulation (EC) 166/2006.

(®) Activity as per Annex | to Directive 2010/75/EU.

(Y) Amount of installations in the EU-27.

NB: NA = Not applicable.

The following sections (1.3.1 to 1.3.13) cover more specific information on the types of waste
installations, classified by the main type of waste treatment carried out. Not all types of waste
treatments covered in this document are covered in this section, possibly because such a
treatment may be considered minor.

1.3.1 Shredders

[ 26, Mech. subgroup 2014 ], [ 21, WT TWG 2016 ]

Shredders of metal waste
About 350 mixed scrap shredders are operating in Europe in 2014.

Mixed scrap shredders are generally capable of processing between 25 and 400 tonnes of metal
waste per hour, this throughput being dependent upon the size of the shredder box and the
power of the rotor drive motor. In general, mixed scrap shredders will utilise some form of
magnetic separation to extract the ferrous content from the mixed stream, and some form of air
classification to separate the non-ferrous content from the non-metallic materials. Material is
generally transported, between stages and to storage bunkers, on conveyors.

The majority of such shredders are located in the open air, not enclosed within buildings.

Shredders of waste electrical and electronic equipment (WEEE)

Various categories of WEEE are processed in shredders. For WEEE waste streams containing
volatile fluorocarbons (VFCs), volatile hydrocarbons (VHCs), or mercury for example, closed
shredders are in use.

In particular, due to the WEEE Directive (2012/19/EU), dedicated WEEE shredding plants were
installed in the last 15 years, a majority of them treating equipment such as fridges and cooling
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appliances, containing VFCs, such as the CFCs R12 and R11, the hydrochlorofluorocarbons
(HCFCs) R22 and R141b, the hydrofluorocarbon (HFC) R134a or VHCs, such as the
hydrocarbons (HCs) R600a, cyclopentane, iso-pentane, n-pentane.

These installations are generally capable of processing automatically 35 to 75 devices per hour
in a two-step process. Step 1 focuses on the treatment of the cooling circuits of temperature
exchange equipment: once the loose inner parts of the temperature exchange equipment are
removed, oil and VFCs and/or VHCs are properly extracted to be further treated. In Step 2 the
devices are shredded into smaller material components and VFC and VHC blowing agents
contained in the insulation foam of the equipment are removed (i.e. in accordance with
Regulation EC/1005/2009). These components (ferrous scrap, mixed non-ferrous scrap, foam,
and plastics) are separated from one another in a downstream sorting process. Process air from
both Step 1 and Step 2 is captured, liquefied, stored and treated.

Besides these plants, specific WEEE shredders have been also installed for:
. large domestic appliances;

. cathode ray tube (CRT) equipment;

. flat panel displays;

. lamps.

1.3.2 Waste transfer installations

Operations carried out in these installations include: reception, bulking, sorting, transferring
pending, prior to submission to a disposal/recovery operation. In some cases, blending and
mixing may also be carried out in these installations. Waste transfer stations may involve
individual operations or may be an integrated part of a treatment process. All sites typically
undertake some kind of bulking operation to agglomerate the solids, where liquids are decanted
from one container to another. The liquid transfer can be from a tanker to a holding tank, or
from fractions of litre up to a more than 200 litre drum. Operations typically carried out are
inspection, sampling, physical sorting and packaging, decanting, blending, drum emptying,
storage, drum/IBC reclamation and in some cases disposal of wiping cloths, solidification and
the crushing of oil filters. Waste transfer stations tend to fall into two categories according to the
objective of the installation:

e Focus on the output stream. This corresponds to sites that act as a feeder for other
processes: e.g. solvent regeneration, incineration, chemical treatment. These sites target
specific waste streams that can be checked, analysed and bulked up to provide a steady
feedstock for an associated process. They may also take in and process a variety of other
materials in order to provide a full service to their clients. These sites tend to handle a much
higher proportion of certain waste streams and acceptance, storage and control systems are
therefore designed for these wastes.

e Focus on the input waste. These sites are independent transfer stations and generally
accept a full range of materials from the neighbouring area. Typically they also bulk and
blend materials to produce a range of waste streams suitable for disposal through different
treatment, recovery and disposal processes, but they do not usually target any specific waste
group. There may be a bias towards particular waste streams, but this will likely be due to
local patterns of waste arisings and commercial opportunities, rather than the need to
provide a feedstock for a particular downstream process.

The majority of operations linked to waste preparation may be distinguished under two groups:
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. Regrouping/Reconditioning. Here the aim is to group together wastes in small or
medium quantities, when they have the same nature and when they are compatible. The
resulting waste still has to be treated though. The purpose of regrouping is to obtain larger
and more homogeneous volumes for waste treatment, to improve safety (e.g. facilitation
of handling) and to rationalise the logistics cost. The combination of processes used in
waste preparation and in pretreatment operations depends on the specifications of final
treatment.

. Pretreatment. Here the aim is to adapt the waste to the type of recovery and/or disposal
of the final treatment available. Pretreatment covers several aspects. It can be defined as
those operations that lead to homogenisation of the chemical composition and/or physical
characteristics of the wastes. Pretreatment produces a waste, which may be very different
from the initial waste, although not from a regulatory point of view. This pretreated waste
still has to be treated in a recovery and/or disposal plant. At the end of the pretreatment
process, the pretreated waste should comply with chemical and physical specifications
that are fixed by the end users.

Grouping and pretreatment activities may be located at the same site as the final treatment, on
the waste production site or on a particular dedicated site. Nevertheless, regardless of the
location, the operating processes are the same.

133 Installations for the biological treatment of waste

In the context of the IED scope enlargement study [ 27, VITO et al. 2007 ], an inventory of the
number of installations for biological treatments in the EU-27 was conducted.

In total, around 6 000 installations for the biological treatment of organic waste have been
counted, of which around 3 500 were composting installations (i.e. 60 %) and 2 500 digestion
installations (40 %).

Concerning composting, the inventory took into account the treatment of source-separated
household waste, and also other organic waste streams such as sludge.

Concerning digestion, it is noted that a limited number of centralised anaerobic digestion
installations were counted (around 120-150), 95 % being on-farm installations. It is also
highlighted that while the treatment capacity of centralised installations generally exceeds
50 tonnes per day, it is not the case for on-farm installations.

In terms of capacity, the study indicates that, at that time, the treatment capacity in large-scale
installations (> 50 tonnes/day) for the EU-27 is estimated at 36.8 Mtonnes/year, with two thirds
of the treated waste being green waste and household waste, and one third other organic wastes.

1.34 Installations for the physico-chemical treatment of waste waters

This sector is represented by a large range of processes from blending systems with no actual
chemical interactions to complex plants with a range of treatment options, some custom
designed for specific waste streams.

The process is designed to treat waste waters (contaminated with e.g. acid/alkalis, metals, salts,
sludges for example), but usually accepts a range of organic materials as well, e.g. process plant
washings and rinsings, residues from the oil-water separation, cleaning wastes, interceptor
wastes. These could contain almost any industrial material. It is likely that the treatment process
will have some effect on the organic materials, for example due to some chemical oxidation of
COD, some organics could be adsorbed or entrained in the sludge or, in emulsion treatment,
part of the organic content could become separated from the aqueous phase.
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These treatment systems remove and/or detoxify hazardous constituents dissolved or
suspended in water. The selection and sequence of unit processes will be determined by
the characteristics of the incoming wastes and the required effluent quality. An example
of a physico-chemical treatment facility of waste waters typically contains the following
unit processes: cyanide destruction, chromium reduction, two-stage metal precipitation, pH
adjustment (e.g. neutralisation), solid filtration, biological treatment, carbon adsorption, sludge
dewatering, coagulation/flocculation and some others.

The physico-chemical treatment of waste water typically divides the waste into another type of
waste (typically solid) and an aqueous effluent which may be considered urban waste water as
defined by the Urban Waste Water Treatment Directive (91/271/EEC).

Physico-chemical plants are essential to medium and small companies including commercial
enterprises. Waste which must be treated by physico-chemical plants will, in future, continue to
be produced (in the course of production); obligatory acceptance of waste by generally
accessible physico-chemical plants is an advantage for trade and industry, facilitating correct
disposal of waste and easing the economic burden for industry and trade.

The following principal configurations can be identified:

. Company in-house physico-chemical plants. These are specialised for the treatment of the
waste produced by a company.

. Generally accessible physico-chemical plants (service plants). These are suitable for the
treatment of waste produced in certain regions.

1.35 Installations for the treatment of combustion ashes and flue-gas
treatment residues

Combustion ash and flue-gas treatment (FGT) residues are one of the main waste streams
treated by stabilisation and solidification processes, either in the combustion plant (e.g. in some
incinerators) or on waste treatment facilities. Other methods are vitrification, purification and
recycling of some components (e.g. salts). FGT residues may also substitute raw materials in
waste treatment, or may undergo further treatment to enable them to be used in construction
applications for example.

1.3.6 Installations for the treatment of waste containing POPs

When available, incineration (which is outside the scope of this document) is the most widely
used technology for PCB destruction.

Other treatments of waste containing POPs (including PCBs) are applied, such as
decontamination of equipment containing POPs, or destruction and irreversible transformation
of the POP content in waste by, for example, dechlorination with metallic alkali or with KPEG
(potassium and polyethylene glycol).

1.3.7 Installations for the treatment of waste containing SFg

Due to its high global warming potential, SF¢ is considered a hazardous waste in the EU at the
moment of its end-of-life. Therefore, only licensed or authorised hazardous waste managers are
allowed to handle, transport, recycle, or destroy the gas according to national or regional

regulations and standards.

There are two kinds of companies involved in this sector:
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. companies that deal with SF¢ gas management (filling, replacing, etc.);

. companies that deal with used electrical equipment and removal and recycling of SFg
from that equipment.

Also, many industrial gas suppliers and medium- and high-voltage equipment manufacturers
operate SFs waste treatment facilities or act as intermediary waste managers and/or collectors.
[ES comment #2 in [ 21, WT TWG 2016 ]]

1.3.8 Installations for treatment of waste oil

Used lubricating oils can be recovered to a quality essentially equal to some groups of base oils
used to produce lubricating oils (some base oil groups Il and IV rarely, if ever, contain re-
refined oils). This process is typically referred to as ‘oil re-refining’.

The recovery of oil from waste is typically a part of the waste treatment industry. There are
installations that specialise in the recovery of oil from different waste streams. In addition, a
number of chemical treatment plants and transfer stations have oil separation units that
undertake a first separation of oil from water before sending the oil layer through to a specialist
plant for further processing. Some factors that define this sector are as follows:

. Companies that serve particular industrial sectors tend to offer a general waste service to
that sector, and this may include waste oils.

. Companies that collect used lubricating oils from garages are also likely to collect oil
filters, steering, brake and transmission oils, antifreeze and batteries.

. Companies handling transformer oils are likely to collect oils with some small amounts of
PCBs.

. Some chemical and biological treatment plants undertake small-scale oil recovery
operations as part of their pretreatment processes. These are generally simple gravity
separation systems.

There are large numbers of dedicated oil treatment and processing plants in the EU. Some
companies carry out simple purification, removing the sediment and water from waste oil. Other
companies conduct more complex re-refining treatments converting it (at least part of it,
typically 50-60 %) to a base oil for lubricants.

A wide variety and combinations of physical and chemical processes and operations are used for
the treatment of waste oils: blending, centrifugation, settling, filtering, distillations, thermal
cracking, treatments with acids and bases, hydrogenation, etc.

Re-refining
About 500 kt of re-refined base oil was produced in 2014, which accounts for around 13 % of
the overall base oil demand in Europe [ 28, Hartmann et al. 2015].

Figure 1.2 shows the situation of re-refining plants in Europe in 2014.
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Source: [ 28, Hartmann et al. 2015 ]

Figure 1.2: Re-refining plants in Europe in 2015

Re-refining plants can adjust the quantity of re-refined base oil and fuels produced according to
the international and local situation (crude oil prices, market demand, subsidies, etc.).

Preparation of waste oil to be used mainly as fuel

About 50 % of WOs (i.e. waste oil from ship and tank cleaning, waste oil from oil-water
separator, waste oil from emulsions, etc.) is not waste lubricant oil or cannot be regenerated into
base oil. These WOs can be converted into other oil products (e.g. fuel).

There is also a significant volume of oil-contaminated waters collected for recovery. These
wastes have a net negative value but are processed so as to maximise the recovery of the
hydrocarbon for use as a fuel.

1.3.9 Installations for treatment of waste solvent

Solvents are extensively used in chemical and biological processes. During these processes,
waste solvent is produced and it is recycled in-house. These treatments are an integral part of
the chemical/biological processes and they are covered in the different BREFs. However, for
economic or technical reasons, sometimes the waste solvents are delivered to a third party (e.g.
waste manager) for treatment. In some cases, the product of the treatment is returned to the
waste producer and in other cases this does not happen.

Waste solvents are also produced in the area of solvent-based surface treatment (such as
cleaning or degreasing in many different industrial sectors and in dry cleaning installations). In
most cases, the contaminated solvents or the bottoms of the distillation columns (solvent content
1-10 % in the case of closed cleaning installations/devices with internal distillation devices) are
delivered to solvent distillation installations and regenerated. The quality of the distillation
products is as good as that of new solvents.

In accordance with the Waste Framework Directive, the first option for waste solvents, as well
as for the rest of waste, is that it should be recycled. This has helped to generate an active
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solvent recycling market. Similarly to waste oils, waste solvents which are not suitable for
regeneration because of certain compositions or because of very low purity can also be
recovered as a secondary liquid fuel, for example, in the cement industry and hazardous waste
incinerators. A fundamental difference with waste oils is that waste solvent qualities fluctuate
much more than the quality of waste oil.

Solvent regeneration facilities separate contaminants from waste solvents and thus restore the
solvent to its original quality or maybe to a lower grade product (e.g. in the case of lacquer
thinner). Distillation (batch, continuous, or steam) is used by most commercial solvent
processors, and typically recovers about 75 % of the waste solvent. The residue, known as
‘distillation bottoms’, can be a liquid or a sludge, depending upon a number of conditions, and
typically requires management as a hazardous waste. Other separation technologies used by
solvent processors include: filtration, simple evaporation, centrifugation, and stripping.

A 2015 ESRG (European Solvent Recycler Group) survey of its members shows that 41 major
EU-based installations had a combined treatment capacity of some 912 kt/yr. However, it is
noted that actual capacity is limited by the specific operation being undertaken and the
associated complexity of the individual process. [ 29, PCT Subgroup 2015 ]

1.3.10 Installations for the treatment of waste catalysts, waste from
pollution abatement and other inorganic waste

The treatment of waste catalysts depends on the type of catalyst (catalytic active substance and
supporting structure or carrier) as well as the included by-products from the catalytic process.
These treatments include: regeneration of catalysts to be reused as catalysts again, recycling of
components from catalysts and disposal in landfills. An example installation is an Austrian
facility for the recovery of Ni from food industry catalysts (Fe/Ni alloy).

Hydrometallurgical technology can be used to extract and concentrate metals from liquid
waste. Non-liquid wastes first require dissolution.

In Malta, there are two underground asbestos storage sites and one overground pending
treatment. The asbestos originated from ships being repaired in dockyards and from unused
asbestos pipes.

1.3.11 Installations for treatment of activated carbon and resins

Most waste activated carbon and resin is a result of water purification processes. It is very
difficult to estimate the regeneration throughput in Europe, mostly due to the fact that many
operators regenerate their adsorbent on site (often sporadically) rather than sending it to large
centralised reactivation plants.

Activated carbon is used in three principal applications: the treatment of drinking water; in the
food and drink industry, for example for removing colour in the refining of sugar; and in general
industrial applications, e.g. removal of VOCs from process vent streams. These applications
affect the type of contamination on the carbon and the regeneration process that is then required.
For example, carbon which has been used in industrial applications (‘industrial carbons’), such
as in effluent treatment, requires a more stringent pollution abatement system than that used for
the treatment of potable water or for that from the food industry.

At some point in the lifetime of the process, the carbon will become exhausted with the material
that it is adsorbing. The carbon should then be regenerated or, if this is not possible, disposed of.
The choice of route is naturally determined by economics and scale. In the treatment of potable
water, the carbon is used in large quantities and is contained in large open-topped concrete-lined
carbon beds. These have a life expectancy before exhaustion of a few years. When they are
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regenerated, they result in large quantities of waste to be treated. It is this application that
represents the most common use in the UK in terms of volume and it is regenerated either on
site by a purpose-built plant or transported off site for regeneration by a merchant operator.
Because of the nature of the market there is a tendency for more regeneration facilities, once
designed purely for ‘in-house’ materials, to now offer a merchant regeneration service.

There are at least 19 sites in Europe regenerating activated carbon off site.

The most common reactivation furnaces are direct fired rotary kilns and multiple hearth
furnaces. Indirect fired rotary kilns, fluidised bed, vertical tube type and infrared ones are
sometimes used.

Quantitative figures for ion exchange resin regeneration facilities are not available.

1.3.12 Installations for the treatment of waste acids and bases

There are several installations in the EU which regenerate HCI. No installations have been
identified to recover HBr. Waste sulphuric acid can be regenerated in the following ways:

e Thermal decomposition of waste/spent/recovered sulphuric acid, the result then being used
as a primary or supplementary source of SO, feed to a sulphuric acid contact process. This
is covered in the LVIC(AAF) BREF [ 30, COM 2007 ], as is any process that produces SO,
as a feedstock by decomposition/calcinations.

e A process based on the reconcentration of weak/spent/waste sulphuric acid, with or without
separation of potential impurities (e.g. salts). This will be included in this document.

e Industrial processes that use sulphuric acid and include recycling of the spent sulphuric acid
as an integral part of the process. This will be covered in the BREF where the industrial
process is covered (e.g. LVIC-S BREF [ 31, COM 2007 ] and others for titanium dioxide
production).

Acid recovery usually involves the separation of unreacted acid from an acid waste such as
spent pickle liquor generated by the steel industry. One method used in the steel industry
involves cooling the sulphuric acid to precipitate ferrous compounds. In another method, acid
can be regenerated by injecting it into a spray roaster.

1.3.13 Installations for the preparation of waste with calorific value

Currently, there are several factors driving the concept of using waste as a fuel in combustion
processes:

. The Waste Framework Directive and its amendments set a waste management hierarchy.
This gives a preference to recycling and recovery (including the use of waste as a source
of energy).

. Waste sector regulations, such as the Packaging and Packaging Waste Directive, The
End-of-life Vehicles Directive, Waste Electrical & Electronic Equipment Directive,
Waste Incineration Directive, the European List of Waste, Dangerous Substances
Directive and Dangerous Preparations Directive may also influence the option chosen.

. The Landfill Directive prohibits the landfilling of waste with a high content of
biodegradable materials. Therefore, there is a need to establish alternative ways for
treating the respective waste fractions. Co-incineration is one option among others (e.g.
incineration, mechanical biological treatment).

. Co-incineration of waste fractions as a replacement for conventional fuels may be one
option to reduce greenhouse gas emissions.
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. The co-combustion of waste makes operation of combustion plants more attractive
economically.

. The cost of fuel used in the combustion processes.

The term ‘waste with calorific value’ is used in this document for all types of waste materials
that are prepared to be used as fuel in any combustion process. Waste with calorific value can be
liquid or solid. For instance, liquid waste fuels can be prepared from waste oils, solvents,
and distillation bottoms. The way the liquid waste fuel is going to be used in the
combustion process influences the way the waste fuel is prepared. For example, some
liquid waste fuels can be prepared by blending different wastes that have high calorific
values and feed them independently into the combustion chamber or they can be
mixed/blended with conventional fuels (e.g. waste oil and fuel oils). Some liquid wastes,
for instance oils, normally need pretreatment to remove bottoms, sediments, and water.
This may be achieved through separation and dehydration.

Some combustion processes that may use waste as (part) fuel or auxiliary process inputs are the
combustion plants for the production of heat and/or power, cement kilns, blast furnaces in iron
and steel production, brick kilns in the production of ceramics, lime kilns and asphalt
production. The type of furnace or boiler used, the combustion conditions (e.g. temperature) that
the process should operate, the impact on the emissions or products and the type of fuel already
in use has a strong influence on which the type of waste(s) may be acceptable and how the
waste fuel is prepared.

The purposes of those installations treating waste with calorific value are the following:

. to optimise the valorisation of certain waste, avoiding its landfilling;
. to guarantee the quality of thermal destruction;
. to provide the required physico-chemical properties of the waste fuel to the end user.

The basic principles of preparation of waste fuels from waste with calorific value are the
following:

. the chemical and physical quality of the fuel shall meet any specifications or standards
ensuring environmental protection, protection of the kiln/furnace process, and quality of
the material produced, in the event that the combustion process where the waste fuel is
used produces a product (e.g. cement);

. energy and mineral contents must remain stable to allow optimal feed in the kiln/furnace;

. the physical form must allow safe and proper handling, storage and feeding.
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1.4 Economics of the waste treatment sector

Waste treatment is typically a high-volume low-return process. A fixed or lowered base price,
either for the incoming waste or for the recycled product, has placed the commercial emphasis
on maximising throughput and reducing cost overheads.

The cost of waste treatment is typically established on the basis of investments and running
costs. However, in some cases, prices may be determined by operators at the ‘low’ end of the
market. In some other cases, the prices are fixed by agreement between the waste producer and
the waste manager, and these prices may be different for a particular waste depending on who
has produced it. Although there are exceptions, and also particularly for older plants, investment
levels have been low, due to the low returns and competition with the low prices of landfills. It
is expected that high levels of investment will be required to meet the standards set by the actual
regulatory regime.

The industry has generally maximised the constructive use of some waste types to treat other
wastes, which is expected to continue, particularly using waste as a raw material.

Competition exists between regional, national and international companies. One example is in
the collection of waste oil, where national collectors work on large volumes as an economy of
scale while local/regional operators compete with the advantage of having lower overhead costs.

Hazardous waste management facilities typically, under the duty to tender delivery, accept all
types of hazardous waste for correct disposal without regard to competition. However, some
dedicated facilities, which may be in competition for certain types of waste, would only need to
bid for any hazardous waste that they can handle. In this respect, different configurations have
been developed for the designated hazardous waste management facilities and competing
facilities.

Some WT (Waste Treatment) plants, due to their regionalisation and/or the need for proximity,
contribute to a substantial decrease in waste transportation. However, other WT plants are
working on a superregional, national or even international basis mainly depending on the
specialisation of certain treatment operations.

Regulatory conditions have been and are being put in place, at EU level and developed in
Member States (e.g. for incineration, landfilling, electrical and electronic waste, end-of-life
vehicles), to break the cycle of high volume, low return and low investment. This is expected to
lead to greater investment in the sector and a move towards developing techniques to treat those
wastes which were previously directly landfilled, or to improving processes which before were
not treating the wastes effectively for example by means of plants or equipment for the
treatment of specific wastes.

As a consequence of the restrictions on landfilling introduced by legislation®, treatment of waste
either prior to or instead of landfill is leading to the continuing development of recycling,
recovery, stabilisation and fixation processes for a number of waste streams.

Regulatory compliance is essentially the driving force for waste treatment facilities. The market
for waste facilities is heavily influenced by dynamic regulatory programmes that continue to
undergo significant change.

As for the structure of the waste treatment sector in terms of number of persons employed,
Figure 1.3 below shows that around 70 % of the enterprises employ less than 10 persons.

3 E.g. Directive 1999/31/EC on landfill and related Council Decision 2003/33/EC on landfill acceptance criteria.
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Source: [ 20, EUROSTAT 2018]

Figure 1.3: Structure of the waste treatment sector in 2014 (NACE rev.2: 38.2 - waste treatment
and disposal) — Size of enterprises in terms of number of persons employed

Waste oils
Environmental consciousness in the 1980s had a number of consequences for the waste oils
treatment sector, in particular:

. the shutting down of many acid/clay re-refining plants, mainly in the US, for both
economic and environmental reasons;

. the use of improved equipment and devices to reduce the potential pollution from burning
used oil;

. the development of improved re-refining technologies for both environmental and
product quality reasons.

Physico-chemical treatment plants

There are continuous changes in the production process, modifying the type of waste as well as
the auxiliary substances used. In this respect, even the physico-chemical treatment plants are
subject to constant adaptation processes, both in terms of the procedures used and the controls.
Furthermore, changes in the regulatory frameworks also lead to plant reconfigurations; in
general, these changed regulations aim at significant emissions reduction. The reconfiguration
can affect all the functional areas of a plant, including plant technology, process materials,
laboratory equipment, and even the general and specialist knowledge of the staff.

Preparation of municipal solid waste (MSW) to be used as fuel

The history of MSW being used as fuel goes back to the oil crisis of the 1970s. Then RDF
(refuse-derived fuel) was promoted as a substitute low-cost fuel, although the fuel was never
fully accepted by the market. However, there has been a growing interest within the cement,
lime, steel and energy industries in fuels derived from waste, mainly due to economic reasons.
Existing European energy policy targets and waste management policy give an impetus to the
usage of waste-derived fuels based on non-hazardous wastes. These fuels, with an average
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biogenic content of 50-60 %, may contribute considerably to the reduction of CO, emissions
and the doubling of the share of renewable energy. Moreover, due to market liberalisation and
the need for cost reductions, industry is increasingly becoming more interested in less expensive
homogenous substitute fuels of a specified quality.

Waste management policy aiming at a reduction in landfill disposal of biodegradable waste
directly influenced the development of facilities for the production of waste fuels. Also, the
(high) tax system applied to landfilling is a major driving force in some Member States. The
producers of the waste fuels took the initiative for a quality system that should guarantee the
properties of the solid waste fuel produced from MSW and therefore make it a more reliable
product. Quality systems exist in several Member States now. Also, in 2011 a CEN standard
(EN 15359) for “solid recovered fuel’ (SRF) was developed for non-hazardous waste to be used
for energy recovery to meet standardised classification and specification requirements.

The main outlets of SRF are currently in the cement and lime industries, coal-fired power
stations, and steel mills that use SRF as a carbon substitute. In Nordic countries, SRF is mainly
used for the production of heat in industries and district heating.
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1.5 General environmental issues related to installations that
treat waste

Waste composition is very variable and the potential range of components that might be present
is enormous. Due to such variance in components and composition, there are very few common
emissions from waste management operations since each site has a slightly different
combination of unit operations, and accepts a different range of wastes based on local
circumstances.

Nevertheless, this section intends to gives a short overview of the main environmental issues in
the sector. A more precise picture is developed in Chapters 2 to 5.

Emissions to air
Many waste installations have emissions to air of particulate matter (for instance simply due to
handling operation). Organic compounds are also commonly emitted.

Table 1.23 shows the main emissions to air from some waste treatment operations.

Table 1.23: Main air pollutants emitted by waste treatments and their main sources

Main emissions to air Waste treatment operation
Storage and handling of solids

Dust Mechanical treatment and physico-chemical
treatment of solid waste

Biological treatment, including mechanical
biological treatment

Hydrogen sulphide (H,S) Biological treatment

Hydrogen chloride (HCI) Treatment of water-based liquid waste
Storage and handling of organic substances
Treatment of WEEE containing VFCs and/or
VHCs

Volatile organic compounds (VOCs) Treatment of waste with calorific value
Mechanical biological treatment

Treatment of waste oil

Treatment of waste solvent

NB: Refer to Chapters 3 to 5 for specific emissions from different waste treatment operations.

Ammonia (NH;)

Emissions to water
Most waste installations declare an emission of total nitrogen, total organic carbon, total
phosphorus and total suspended solids.

Table 1.24 gives a summary of the main emissions to water from waste treatment operations.
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Table 1.24: Main water pollutants (parameters) emitted by waste treatments and their main
sources

Main emissions to water Waste treatment operations
Biodegradable organic compounds
(e.g. COD, TOC, BOD)

Total suspended solids All waste treatment

Mechanical treatment of metal waste

treatment of waste oil

Hydrocarbons, phenols Physico-chemical treatment of waste with calorific value
Water washing of excavated contaminated soil
Treatment of water-based liquid waste

Biological treatment

Total nitrogen Treatment of waste oil

Treatment of water-based liquid waste

Biological treatment

Total phosphorus Treatment of waste oil

Treatment of water-based liquid waste

Mechanical treatment of metal waste

Treatment of WEEE containing VFCs and/or VHCs
Mechanical biological treatment

Physico-chemical treatment of waste oil, of waste with
calorific value, of solid and/or pasty waste

Treatment of water-based liquid waste

NB: Refer to Chapters 3 to 5 for specific emissions from different waste treatment operations.

All waste treatment

Metals and metalloids

Outputs

Generally, the output from WT installations is a treated waste. However, those outputs can be
differentiated in two types. One type refers to the treated waste (typically representing the main
part of the output) that in some cases can be reused elsewhere. The other type is represented by
the waste generated by the treatment process itself. The appearance of the latter one does not
only just depend on the type of waste treated, but also on the type of treatment given to the
waste. Indeed, this second type of waste is more dependent on the treatment than on the actual
type of waste treated.

Soil and groundwater contamination

In the past, careless handling of wastes has been at the origin of land contamination, as has been
the case in almost all industrial sectors. As is the case in many other industries, waste treatment
is not currently an activity which leads to land contamination. According to the process and the
type of wastes used, prevention actions have been developed such as retention,
impermeabilisation, and groundwater monitoring, in order to prevent and control soil and
groundwater contamination.
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2 PROCESSES AND TECHNIQUES COMMONLY USED FOR
WASTE TREATMENT

This chapter describes (in Section 2.1) those processes commonly found in the waste sector that
are generally applied and that are not specific to any individual type of waste treatment (WT).
This chapter also gives information about the data collection used to review this document as
well as an overview of the emissions encountered across the sector (Section 2.2). Finally,
Section 2.3 addresses the techniques to consider in the determination of BAT for the processes
commonly found in the waste treatment sector.

Many processes and techniques listed in this chapter are briefly described, with information

provided in the structure shown in Table 2.1. This same structure is used for each process and
technique, to help the reader to easily assess the information within this document.

Table 2.1: Information contained in the description of each technique/process included in

Chapter 2
Name of the type of information Type of information included
Purpose A brief explanation of what the process is used for
Principle of operation The type of process carried out and a brief explanation of it

The type of waste that can be treated by the treatment, as well as

Feed and output streams details of any products of the operation

A Dbrief description of the process. Where appropriate, figures and

Process description diagrams will be used.

Reference to the number of plants using the technique in Europe
Users and worldwide. Also, details of which WT sector(s) use(s) this
type of technique.

Source: [ 18, WT TWG 2004 ]
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2.1 Applied processes and techniques

[ 5, Militon et al. 1998 ], [ 32, Inertec; dechets, F. and Sita 2002 1, [ 8, LaGrega et al. 1994 ],

[ 10, Babtie Group Ltd 2002 1, [ 11, WT TWG 2003 ], [ 12, UNEP 2000 ], [ 33, Irish EPA 2003
1, [ 34, Watco 2002 ], [ 13, Schmidt et al. 2002 ], [ 14, Eucopro 2003 ], [ 17, Pretz et al. 2003 ],
[ 18, WT TWG 2004 1, [ 35, VROM 2004 ], [ 36, UBA Germany 2004 ]

This section discusses the process steps commonly used in the WT sector and included within
the scope of this document. Some process steps are also addressed in Section 2.3 "Techniques to
consider in the determination of general BAT for the WT sector' as these steps are not only of
importance for the good performance of the waste process itself but also for the environmental
impact of the process. In order to avoid repetition, such process steps are only described very
briefly in this section and extensive descriptions can be found in Section 2.3. Cross references
are made when relevant.

2.1.1 Pre-acceptance and acceptance of waste

For most WT plants, the following order is relevant: a) pre-acceptance, b) acceptance, c)
storage, d) treatment, and e) storage of residues and emissions. Each of these steps requires
knowledge and control of the waste as well as specific acceptance and processing management.
Knowledge of wastes, before they are accepted, stored or treated, is a key factor for the
management of a WT plant.

2111 Pre-acceptance

Purpose
To ensure the type of waste to be treated is within the capacities of the plant and within the
requirements of the site permit.

Principle of operation

Early communication between the waste producer and the WT plant ahead of agreement
between both parties about the waste treatment. Pre-acceptance also includes the
characterisation of waste to achieve sufficient knowledge of its composition.

Feed and output streams
Not applicable.

Process description
See Sections 2.3.2.1t0 2.3.2.4.

Users
All WT plants.
2.1.1.2 Acceptance

Purpose
To decide whether to accept or reject the waste upon its arrival at the WT plant.

Principle of operation
Acceptance procedures aim to confirm the characteristics of the waste, as identified in the pre-
acceptance stage.

Feed and output streams
Not applicable.
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Process description
See Sections 2.3.2.1 t0 2.3.2.4.

Users
All WT plants.

2.1.2 Storage

Purpose
The objective of storage is to store the waste safely before its use as feed for the waste
treatment or to store it safely after treatment, as material for reuse, recycling, energy recovery or
disposal.

Principle of operation

. To provide adequate accumulation time. For example, when there is to be a time interval
between treatment and dispatch of waste, or for the purpose of controls and inspections,
or to accumulate enough waste to use the full capacity of the treatment, etc.

. To uncouple the treatment and dispatch of waste.
. To allow effective use of classifying procedures during storage/accumulation periods.

. To facilitate continuous treatment processes. Continuous treatment processes are not
capable of reacting to sudden and significant changes in the composition and reactions of
waste while guaranteeing a specific treatment result. For this reason, homogenisation of
the various properties and level of treatability of the waste must be achieved and ensured
by intermediate storage/accumulation of the waste to be treated.

. To facilitate mixing, blending, and repackaging of the waste as deemed necessary.

. To allow the staggered input of various wastes with reagents into the subsequent unit
treatment processes.

. To collect a reasonable amount of waste prior to sending it for certain treatments.

Feed and output streams
Not applicable.

Process description

From small packages to large-scale storage (regrouping)

Wastes can be sorted into different categories depending on the bulk shipment of compatible
materials to specific disposal or treatment sites. For example, small containers may be packed
into 205-litre drums with vermiculite as a packing filler for easier handling and transfer. Larger
containers may simply be sorted into different waste categories and stored on pallets prior to
onward shipment.

Certain wastes are decanted and bulked into larger containers, for example:

. laboratory containers or small commercial containers into 205-litre drums or intermediate
bulk containers (IBCs);

. drummed waste may be transferred into IBCs;

. the liquid fraction of drummed waste is decanted into IBCs;

. the aqueous fraction of two-phase wastes is decanted.

Decanting the waste reduces the tonnage of packaging materials associated with the onward
transfer; and it produces a consistent set of larger units that can be stored more easily at the site
and that are packaged and labelled ready for onward transit. This will be important for the
onward receiving site, which may need a controlled and checked stream of material for their
process.
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One role of waste solvent facilities is to gather and recondition small volumes (drums, etc.) to
prepare them as fuels or to regenerate a solvent for reuse. The goal of a liquid fuel preparation
facility is to prepare a tailor-made, stable and homogeneous waste, which fits the requirements
of its final uses (recycling, incineration or co-incineration).

Transfer of materials

The next stage destination for waste may be for reclamation, treatment or disposal, and it may
be processed at an adjacent site within the same complex, or it may be put on vehicles for
onward transfer.

The choice of transportation for the material depends on the physical form of the material to be
transported. In other words, the transport of gases, liquids and solids involves different
techniques. Solids are transported by conveyor belts, forklift trucks, trucks, pneumatic
conveyors, load shovels, cranes, walking floors, etc. Liquids and semi-liquids are transported by
pumps, pipes, conveyor belts, screws, elevators, etc., and gases by compressors and pipes.

The handling of small quantities up to approximately 1 m® is particularly significant. Systems
have been developed in some countries to separate the collection and transport of waste (e.g. the
AS container system in Germany).

Reclamation of containers

Wherever possible, incoming containers (drums and IBCs) are reused. Where this is not
possible, they are cleaned, shredded or crushed prior to material recovery. As a last resort,
cleaned containers can be sent for disposal.

Types of storage and facilities

Liquids may be stored in tanks and/or containers (e.g. glass containers, drums, big containers),
storage cells, storage buildings and outside storage (e.g. waste waters). Solids can be stored in
heaps, sacks and bulk bags, silos and bunkers, and packed. Solid waste can be stored in closed
areas, for example a closed building (e.g. with an appropriate filtering system and exhaust gas
treatment to minimise odour and air emissions), and handled with a crane, travelling crane or
conveyor belt or silos (e.g. cylindrical or parallel piped silos with a screw or a walking floor to
extract the solid waste).

Some sites can store blended or raw waste material pending transfer for use in another process.

Tanks are also used to store wastes. This may be part of a medium-scale bulking operation to
ensure that partial tanker loads are bulked to give a full load for onward transfer to the next
process; or a large-scale tank farm operation. Tanks are typically situated outdoors, on
impermeable surfaces and bunded. The type of storage applied will depend on the need for
homogenisation in the storage unit.

Often storage in containers also involves classification processes, the containers used also being
fitted with skimming apparatus to remove floating material and suction apparatus to remove
sediment. If classification procedures are not used, the waste may instead undergo continuous
agitation to maintain its homogeneity.

Storage capacity

Storage capacities are designed to typically ensure a continuous service. Other issues that are
considered are the retreatment of the output if its quality does not meet the required
specifications and the dispatch frequency.

See Section 2.3.13.2 for more details on waste storage.

Users
All WT plants.

34 Waste Treatment



Chapter 2

2.1.3 Handling

Purpose and principle of operation
To handle and empty incoming waste packages.

Principle of operation

The handling of material requires correct packaging and load safety. Small quantities are packed
in packaging units that are easy to handle, e.g. bottles or boxes, and large quantities in
containers of 100 30 000 litres for example. Prior to treatment, the units/containers are emptied.
For this purpose, appropriate devices are necessary, e.g.:

. tools for opening;
. holding and clamping devices;
. lifting and rotating devices.

The emptying process requires:

. experienced staff;

. knowledge of material/wastes;

. safety equipment/devices;

. measures/facilities for emission control;

. suitable and easily manageable storage tanks;

. the pre-defined destination of the emptied units/containers.

Likewise, the upper bodies of the transport vehicles are emptied; this is usually done by means
of pumps or in a free flow along a gradient. Experience shows that residues always remain
inside the units/containers or in the upper bodies of the vehicles. Emptying is often hampered by
sedimentation of solid, adhesive and hardening components in the waste. This may make it
necessary, e.g. when emptying the upper bodies of the tank and suction vehicles, to remove the
hardened components with tools or manually. Emptying may be easier if the solid material is
transported in a lower container (folding plates, slides, etc.).

After emptying, the units/containers/upper bodies are cleaned independently of their further
utilisation. Exceptions to this rule can be made if:

. the units/containers are disposed of as waste and the adhesive residues of the transported
waste do not make a difference;

. the subsequent utilisation is identical to the previous one.

The residues resulting from emptying, as well as the washing residues, are treated in the same
way as the waste unless this is not possible due to its physical state. For example, sludge from
the disposal of petrol or oil separators can be processed and recovered partly by simple washing
procedures while the water phase has to be subjected to physico-chemical treatment. Washing is
usually done with water. The effect can be enhanced by pressure (up to 100 bar), temperature
(up to 80 °C) and/or addition of solvents and/or surfactants.

Feed and output streams
Not applicable.

Process description
Some examples of process steps are given below.
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Unloading of fluid wastes

Fluid wastes are accepted and sedimentation is carried out. The fluid wastes are delivered either
in containers, tank vehicles or suction pressure vehicles. When they are delivered in containers,
they are picked up from the conveyer belt by a handling device, transported to the preselected
receiving basin and there semi-automatically emptied. The contained coarse solids are removed
and collected in containers. The fluid phase follows the downward slope and flows into the
sedimentation basin. The sedimentation basins are selected by a control system.

When they are delivered in tank or suction pressure vehicles, they drive into the emptying area
and their tanks are connected to the sieve filter via a tube. The fluid wastes flow from the tanks
through the tube to the sieve filter, where coarse impurities (e.g. gloves and cloths) are removed.
Metal elements are removed via a magnet separator. Afterwards, they are transferred via a pipe
system into a basin preselected by a control system.

Automatic unloading of drums

An automatic unloading station is used to unload waste from drums without human
intervention, avoiding accidents, e.g. when handling hazardous waste. It also reduces the time
that the conditioned waste remains on site, and optimises the process of cleaning the containers.

The unloading station includes the following (from upstream to downstream):

. A drum supply station driven by pneumatic motorisation. The drums, transported by
means of a forklift, are placed onto a set of conveyors with motorised rollers, ensuring
that the containers are then directed to the grip station.

. A grip station for the drums equipped by a hydraulic clamp. A hydraulic clamp equipped
with three lugs distributed along the circumference of the drums permits the latter to be
directed to the different terminals of the station.

. A station for the cutting, scraping, washing and ejection of the drum bottom. The disposal
of the pasty waste is assured by two parallel vertical H-bars, one of the sharp flanges of
which rubs against the inside casing of the drum, causing friction. The shape of the upper
part of the bars is adapted to the penetration of thick matter. The washing of the drums, in
line with the high pressure/low flow rate principle, permitting a reduced consumption of
water, is assured by nozzles placed inside metal sheaths.

. A station for the high-pressure cleaning and scraping of the shell of the drum. After
cleaning, the drums are pressed by two rams in the direction of their largest dimension.
Appropriate casings are provided so as to retain the spatters and strappings of the drums.
The pressed drums are then directed to a collection container by a roller conveyor.

. A station for the pressing and removal of the cleaned drums.
. A control cabin.

. VOC emissions prevention. The volatile organic compounds emitted by the cutting,
disposal and washing stations are collected by hoods connected to a ventilation device
and are treated in an incineration unit.

Baling

Baling is applied in some plants due to the disaggregated nature of some types of waste: it is
sometimes necessary to compact it to make it easier to use in the following process. Pressure
machinery is used to pack the waste into a certain physical form.

Baling is also used for municipal solid waste to be used as a fuel and for plastic, paper and
metal bales. The size and form of the bale are typically optimised for its transport and reuse.
See Section 2.3.13.3 for further details on waste handling.

Users
All WT plants.
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Reference literature
[ 37, Syke 2003 1, [ 14, Eucopro 2003 1, [ 18, WT TWG 2004 ]

214 Blending and mixing

Wastes, once produced, are in principle kept separate from other wastes. The reason for this is
that the treatment of homogeneous streams is generally easier than that of composite streams.
Under certain conditions, however, different waste streams can be processed just as well, or
sometimes even better, if they are composite. This section explores the different principles that
may be applied regarding whether or not mixing/blending may be allowed and under what
conditions this can be carried out. However, it is not the aim of this document to further
elaborate on existing provisions for blending and mixing of wastes, such as those contained in
Directive 2008/98/EC on Waste and Directive 1999/31/EC on the Landfill of Wastes.

Purpose

Due to the heterogeneous nature of waste, blending and mixing are required in most waste
treatment operations in order to guarantee a homogeneous and stable feedstock of the wastes
that will be finally processed.

The term ‘blending’ is used more for mixing liquids than for solids, unless mixing a solid into a
liquid. The term ‘mixing’ is used more for solids and semi-solid materials (e.g. pasty material).

Principle of operation

Certain types of wastes will require prior mixing or blending before treatment. For example, the
concentration of waste constituents can vary considerably because of differences in incoming
waste. This is particularly true at most commercial treatment facilities. Mixing can control such
variations to a range that will not reduce the performance of the subsequent treatment processes.
However, this issue should not be confused with dilution, i.e. blending and mixing are processes
carried out because it is a technical requirement from the WT facility to guarantee a
homogeneous and stable feedstock and not techniques to facilitate acceptance of waste. For
instance, for biological treatments, blending or mixing of two or more waste types is used to
achieve an optimum carbon to nitrogen ratio (C:N). It is also used to reduce odour impact
during processing and storage.

The basic principles governing the mixing/blending of wastes are the following:

e The mixing of substances that react strongly with each other (causing heat, fire, gas
formation) or explosive substances is prevented. Mixing does not lead to increased risks to
human health or the environment, either during the mixing operation itself or during the
subsequent treatment process. This means that, before wastes are combined, it is assessed
whether this combination can take place safely. This can be achieved by carrying out
compatibility tests before mixing/blending for any purpose for any type of waste (see
Section 2.3.2.8).

e In the case of mixing, the traceability of hazardous wastes is guaranteed (see
Section 2.3.2.5).

e The mixing of wastes does not lead to a lower level of waste processing than the best
possible level of waste management or to the application of non-environmentally sound
waste management. This means, for example, that, if a recovery operation is the minimum
standard of processing, mixing wastes with other wastes in order to direct the mixture to any
disposal route is not accepted. For instance, the mixing of liquid wastes or clinical wastes
with other wastes for the purpose of landfilling is not permitted. Mixing of wastes with a
POP content above the low POP content (as defined under the Basel and Stockholm
Treaties) with another material solely for the purpose of generating a mixture with a POP
content below the defined low POP content is not allowed because this is not
environmentally sound.
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e The mixing of wastes does not lead to the detrimental diffuse dispersal of environmentally
hazardous substances. The effects of diffuse dispersal are determined by the types and
concentrations of environmentally hazardous substances in combination with the processing
route chosen, the emissions occurring and the quality and purpose of the residual substances
released. In summary, it is necessary to assess what the negative consequences are of
processing the environmentally hazardous substances concerned with regard to emissions
into the soil, water, air or in residual substances and how these negative consequences
compare with the environmental effects of another processing route. This assessment also
takes into consideration the cyclical character of future reuse.

Feed and output streams
Applicable to solid and liquid waste. Outputs can also be in a solid or liquid phase.

Process description

Technical equipment to mix or blend waste depends mainly on the degree of aggregation of the
substances to be mixed or blended, the desired degree of homogeneity from mixing, the ability
of wastes and additives to be mixed and the anticipated reactions and reaction products resulting
from mixing or blending. Different types of mixers are used (propeller mixers, turbo mixers,
blade mixers, auger mixers, roller mixers, drum mixers, tumble mixers, rotary mixers and
gravity mixers, etc.). In principle, this technology can be divided into static and dynamic
mixers. Static mixers mix or blend substances through turbulence as a result of the flow of
wastes and additives, e.g. cascades. Dynamic mixers produce turbulence, e.g. through the
turning motion of a propeller or by rotating a container. Some devices used are given below:

Solid or paste-like wastes

. A kneader may be used in cases where the components to be mixed are available in a
highly viscous, plastic or paste-like form without any bulky materials. The mixture is
separated, stretched and combined again by kneading tools that move against one another.

. A forced aeration mixer is typically used for paste-like to lumpy wastes.

. Augers and/or plough-share mixers are typically used to mix granular, powdery or fibrous
wastes. They are also used to produce agglomerates.

. A free-fall mixer may also be used for dry, fine-grained to powdery wastes that do not
vary, especially in terms of particle size or density.

Liguid, pasty and pumpable wastes

. Agitators are primarily used to produce an optimal mixture of liquid or paste-like wastes.
In some instances, this technology also avoids separation.

. Tanks (with agitators if necessary) can homogenise liquid or paste-like wastes in
preparation for feeding into a plant. As means of storage, tanks also help combine many
small batches into larger transportation units.

. Pumps are also used for all methods of transporting liquid or paste-like wastes, for
instance to empty collection tanks in refuse trucks. Different types of liquid may also be
mixed in the process.

Some examples of mixing and blending rules applied to certain types of processes and wastes
are reported below.
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Treatment of wastes contaminated with POPs

Mixing and blending of wastes for recovery could be allowed if the concentration of POPs does
not exceed the low POP contents defined in the Basel and Stockholm Treaties and in Regulation
(EC) No 850/2004 of the European Parliament and of the Council of 29 April 2004 on persistent
organic pollutants. However, mixing wastes for other treatment routes such as soil cleaning,
preparing animal feed, preparing fertilisers, etc. can be prohibited even if the low POP content is
not exceeded. Separation of POPs from other wastes is acceptable provided that the substance is
then treated without undue delay in such a way as to ensure that it is destroyed or irreversibly
transformed.

Heavy metals
When the basic principles of mixing and blending are taken into account, competent authorities

may set the maximum concentrations allowed in wastes for mixing for co-firing or co-
incineration. Emissions of the volatile heavy metals like mercury, cadmium, thallium, lead,
arsenic and antimony into the air will occur when wastes containing such components are used
in cement kilns and power stations. Competent authorities can ensure that emissions are below
the maximum concentration levels by prescribing a lower level in the permit for mixing and
blending, if the acceptance criteria of the receiving plant makes this necessary. In this respect, it
is relevant to note that a distinction has to be made in concentrations allowed for mixing and in
concentrations to determine the allowable air emission limits.

Users

These operations take place in all waste treatment activities (biological treatment, fuel
preparation, treatment of contaminated soils, re-refining of waste oils, etc.), and sometimes are
specific to each WT activity.

Reference literature
[ 38, UBA Germany 20121, [ 39, WFD 98/EC 2008 ], [ 40, Directive 1999/31/EC 1999 ]

2.1.5 Treatment of laboratory smalls

Purpose
Identifying different types of wastes for their correct treatment.

Principle of operation

Laboratory smalls essentially consist of substances in containers of, for example, less than five
litres capacity. They generally contain pure chemical elements and compounds from
laboratories or arise when laboratory stores are cleared. The majority of operators offer a
packing and collection service for laboratory smalls.

Laboratory smalls are usually sorted and bulked into drums (e.g. 205 litres or other sizes
depending on the further treatment) either in designated enclosed buildings with positive
ventilation and flameproof lighting or within open-sided roofed areas.

The substances that are to be treated are manually sorted and repackaged, crushed if necessary,
conditioned and transferred to internal and/or external disposal plants.

Process description
The process is divided into three separate parts:

. Sorting of chemicals. This is carried out with a sorting cabin and an aspiration device for
the separation of laboratory chemicals for different processing paths (e.g. recycling,
disposal (incineration) and deposit in underground disposal).

. Packing for emptying fluid containers with a volume of, for example, 0.1-5 litres. The
small volumes are combined for the purpose of creating large batches (solvents or acids).
These are disposed of in downstream high-temperature incineration or recovered in the
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in-house physico-chemical treatment plant. A downstream facility washes the emptied
containers for reuse or material recovery.

. Treatment of plant protection products, reactive and odour-intensive substances in a
special cabin.

Users
Treatment of hazardous wastes from private households, universities, laboratories and
companies.

2.1.6 Cleaning and washing

Purpose and principle of operation
Washing and cleaning of vehicles and receptacles/containers.

Feed and output streams
Not applicable.

Process description

After delivery and emptying, the vehicles/constructions and receptacles/containers are cleaned
on site (e.g. under agreement with the transport company) or off site except where the
receptacles/containers are disposed of, the adherent residue is not harmful, or the constructions,
receptacles or containers are used again to transport similar waste.

Because of the many different kinds of drums/containers/constructions, the cleaning is
performed manually using spraying devices, high-pressure rinsing devices, or brushing and
brooming techniques. Cleaning can be performed inside or outside, in order to guarantee the
reuse of the drums/containers/constructions. Cleaning inside is important to prevent substances
being carried over. This may be crucial, for example, when the limit of adsorbable organically
bound halogens (AOX) in the waste water is 1 mg/l; this concentration can be affected by
leftover containing AOX in the receptacles. Regular cleaning is also important to reduce
impacts from odour, dust, etc. Typically, a separate treatment of cleaning waters is carried out in
order to ensure that the sewer is not contaminated by such waters.

A facility for cleaning the containers can be an automatic installation which cleans their exterior
and interior. The cleaning process is computer-controlled by means of contact-free sensors. The
working movements of the handling devices are carried out hydraulically. The cleaning devices
are supplied with water by high-pressure pumps. The washing water is run in a closed loop over
the existing water treatment system and other agents such as surfactants may be added to aid the
cleaning process. It is important to consider the reactivity of the waste contents with the
washing agents before cleaning any container. Table 2.2 gives an overview of the cleaning and
washing steps.
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Table 2.2:  Cleaning and washing steps
Technique Purpose Users
Remove  contamination  that  would .
. . o - . PCB capacitors and
Cleaning otherwise prohibit waste materials being
transformers
recovered
Washing may enable the drums to be reused | Most treatment plants
in the installation or to be sold for reuse. incorporate a road tanker
Drum washing operations often include no | washing-out facility to enable
real treatment other than washing and | the removal of residues from
Washing settlement. vehicle tanker barrels.

A number of plants wash the oil filters and
provide a semi-cleaned metal fraction for
recycling.

May also be applied to storage
tanks and drums.
Physico-chemical treatment

plants.

Solid components within the fluid wastes
are separated and the wastes are pretreated
for further processing

Sedimentation Preparation of liquid waste fuel

Source: [ 11, WT TWG 2003 ], [ 14, Eucopro 2003 ], [ 18, WT TWG 2004 ], [ 35, VROM 2004 ],
[ 36, UBA Germany 2004 ]

Users

All WT plants.

2.1.7 Reduction of solid waste size
Purpose

Adapt the solid waste granulometry for further treatments or to extract wastes which are
difficult to pump or decant, and to reduce the particle size and make it homogeneous.

Principle of operation

Techniques used in the installations are shredding, sieving, fractionating, conditioning and
confectioning. Slow-motion shredders, hammers and dedicated shredders are used (see
Section 3.1.1).

Feed and output streams
Feed may consist of plastic or metal drums, oil filters, municipal solid waste, solid bulk waste,
waste wood, aerosols and glass. Output may be used for energy recovery.

Process description
Some examples are described below:

Shredding
The treatment facility consists of a shredder for the comminution of empty, half-empty and full

bins with sizes ranging from 1 litre to 1000 litres. The feed system works with an electronic
wheel loader. The shredder itself is placed in a pressure-surge-proof channel which is 12 metres
high with an offloading area on top. The bins are transported by the electric wheel loader
through the open door to the shredder. Afterwards, the door closes and the shredding process
starts automatically. In the next step the shredded material falls into a tank, which, after
complete filling, is transported from the channel to further processing steps. When relevant, the
released exhaust gases are collected and sent to an abatement system. Other protection devices
are a double-layered vacuum-controlled polyethylene high-density foil on the bottom and
automatic nitrogen and water flooding in the closed channel.

Cryogenic grinding
Cryogenic grinding is a treatment involving the size reduction and sieving of deep-cooled full
and empty packaging under an inert atmosphere. The aim is to separate the used packaging of
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paint, ink, and similar substances into fractions, e.g. to be used as fuel and as secondary metals
and plastic, but reducing the emissions of volatile compounds due to the low temperatures used.
The first operation is the separation of the liquid and the solid fractions. The solid fraction is
further processed by grinding, sieving and metal separation at temperatures of -100 °C to -
196 °C (typically with liquid nitrogen). At these temperatures, the materials become brittle and
an easy separation, using classical tools, is possible.

In the cryogenic treatment of used packaging of paint and similar materials, the following steps
are included:

. Comminution in a shredder and addition of nitrogen for inertisation of the atmosphere.
The liquid fraction (e.g. paint sludge) is separated by sieving.

. Cryogenic (deep cooling) treatment with liquid nitrogen (-196 °C). Through this
treatment, the material hardens and, due to the different coefficients of components'
expansion, the binding reduces.

. Separation of the packaging (e.g. metal and plastic) and the content (e.g. paint sludge) by
means of a hammer mill and a vibrating sieve.

. Collection of the metal fraction by ferromagnetic separation for reuse.

. Addition of sawdust to the sludge as an adsorbent to make it solid. The plastic fraction
and the sludge are sent for recycling as a fuel.

Due to the inert atmosphere used during the grinding process, the risk of explosions is
minimised. The sludge fraction is prepared for use as fuel. In comparison with the direct
incineration of such wastes, the recovery of energy is higher because metals are eliminated
before incineration. The separation of other materials, e.g. metals and plastic, enables its use.

Electricity is required for the cryogenic process and for the production of nitrogen. Emissions to
air, e.g. VOCs, may be generated. To reduce the VOC emissions to air, the off-gases are
collected and cleaned by means of an activated carbon filter. The residual VOC emissions are
estimated to be 0.06 kg/t of used packaging waste.

The end product of the operation is organic waste as a powder, metals, non-ferrous metals and
plastics. The electricity consumption of the cryogenic process is approximately 31 kWh/t of
used packaging waste. The amount of nitrogen consumed is approximately 0.67 t/t of used
packaging waste. As an adsorbent for the sludge, sawdust is used. The amount consumed is
170 kg/t of waste. The sawdust used is a waste material, which means a saving of primary
materials.

Glass crushing
Windscreen glass is laminated with polyvinyl butyrate, and this is removed in a preliminary

crushing process and sent to landfill. The glass crushing operation handles municipal and
industrial glass. Sites typically do not take coated glass from electronic equipment.

Users
Size reduction is applied by a wide range of waste treatment plants.

Reference literature
[ 14, Eucopro 20031, [ 18, WT TWG 2004 1, [ 35, VROM 2004 ]

2.1.8 Other than normal operating conditions

When applying the processes described above in this chapter or described later in Chapters 3 to
5, the waste treatment plants may experience other than normal operating conditions (OTNOC).
These OTNOC are very diverse throughout the waste sector and may cover conditions such as:

. start-up;
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shutdown;

momentary stoppages (which, for example, may cause flaring at plants performing
anaerobic treatment of bio-waste or oil re-refining);

leaks (such as leachate in biological treatments, fugitive emissions of methane at plants
performing anaerobic treatment of bio-waste, damage of retention bund, tank overfilling,
etc.);

deflagrations in the case of mechanical treatment due to prohibited flammable or
explosive materials inadvertently entering the process (see Section 3.1.2.1.1);

malfunction or breakdown of the abatement equipment or part of the equipment (for
instance, fabric filter of a dust-containing silo not functioning);

malfunction of instruments related to the process control or used for emission monitoring
(such as instrumentation drift);

testing of new apparatus;
calibration of the monitoring system;
testing of new waste or a new waste treatment process.

When relevant, more waste-process-specific details are given in Chapters 3 to 5.

Reference literature
[41, WT TWG 2014 ]
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2.2  Current emission and consumption levels

221 General information on the data collection

This section summarises the installation-specific data gathered during the data collection carried
out over the course of the BREF review process [ 42, WT TWG 2014 ].

Overall, 338 plants across Europe submitted filled-in questionnaires to the EIPPCB.
Subsequently, the EIPPCB sent numerous requests for clarification and additional information
to the TWG which resulted in many corrections. Some 9 questionnaires were discarded because
the waste treatment was outside the scope of this BREF or the questionnaire contained too little
data.

Table 2.3 below gives an overview of the plants which took part in the data collection.

Table 2.3:  Overview of the plants which participated in the data collection

Location Nuprrat;% of Share
AT 26 7.9%
BE 14 4.0%
CzZ 2 0.6 %
DE 75 22.8 %
DK 11 3.0%
EL 1 0.3%
ES 26 7.9%
FI 8 2.4 %
FR 45 14.9 %
IE 3 0.9 %
IT 26 7.6 %
NL 21 6.4 %
NO 4 1.2%
PL 5 1.5 %
PT 5 15%
RO 2 0.6 %
SE 8 2.4 %
UK 47 14.0 %
All 329 100.0 %

These 329 plants are referred to hereafter in this document as ‘reference plants' or as belonging
to the 'reference list' (see Annex 9.1).

In order to facilitate the data collection and the subsequent data analysis, the activities of the
waste treatment plants were categorised in predefined combinations of waste process and waste
stream:

. mechanical treatment in shredders of metal waste;
. mechanical treatment of waste with calorific value;
. mechanical treatment of WEEE containing refrigerants;
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. aerobic treatment of source-separated bio-waste;

. anaerobic treatment of bio-waste;

. mechanical biological treatment (MBT) of mixed solid waste containing bio-waste;
. treatment of water-based liquid waste;

. blending/mixing;

. immobilisation of solid and/or pasty waste;

. physico-chemical treatment of waste with calorific value;

. re-refining and other preparations for reuse of waste oils;

. treatment of excavated contaminated soil;

. regeneration of spent solvents;

. regeneration/recovery of pollution abatement components / FGT residues;
. treatment of waste containing mercury;

. regeneration of acids and bases;

. treatment of waste containing POPs;

. recovery of components from catalysts;

. temporary storage of hazardous waste;

. repackaging of hazardous waste;

. other combinations of treatment/waste.

As some of the plants have more than one combination of waste process/waste stream, the 329
questionnaires represent a total of 475 combinations.

In addition, each plant may have more than one emission point to air and/or more than one
emission point to water, each emission point corresponding to one or several activities (i.e.
waste process/waste stream combination) of the installation. The 329 questionnaires represent a
total of 483 emission points (these emissions points are named in the rest of the document as
follows: Plantnumber-1, Plantnumber-2, etc.).

After verification and correction of the questionnaires, and in order to allow the data analysis,
each plant was classified according to its main waste treatment activity, this being understood as
the activity which is of most relevance for the emissions of the plant.

The distribution of plants based on this classification is shown in Figure 2.1.

Of the emission points, 19 % are related to mechanical treatment of waste, 36 % to biological
treatment of waste and 40 % to physico-chemical treatment of waste, with the remaining 5 %
concerning common treatment processes such as temporary storage, repackaging, and
blending/mixing as well as a few plants carrying out other types of activities.
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Figure 2.1: Distribution of plants which participated in the data collection

2.2.2 General information on the emission levels

Information on emission and consumption levels is given in Chapters 3 to 5 for each
combination of waste stream/waste treatment. This section does not aim at repeating this
information but at giving a transversal overview across the waste treatment sector of the main
pollutants released to the atmosphere, in order to understand the relative significance of the
various sectors for a given pollutant. More details such as the monitoring regime and the
monitoring standards used can be found in Section 2.3.3 and in Chapters 3 to 5.

As for emissions to water, and in order to avoid repetition in this document, the reader may refer
to Section 5.7 which covers the most significant emissions to water in the waste treatment
sector.

In the document, the concentration values for emissions to air and for emissions to water
provided via the data collection [ 42, WT TWG 2014 ] are reported as follows:

o In tables:

o periodic monitoring: range of the average over the three reference years of the
provided values;

o continuous monitoring and 24-hour flow-proportional composite sample (in
water): range of the highest provided average values.

. In figures:

o periodic monitoring: the plots represent the average over the three reference
years of the provided values, the error bars represent the minimum and the
maximum of the values provided over the three reference years;
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o continuous monitoring and 24-hour flow-proportional composite sample (in
water): the plots represent the maximum average values provided over the three
reference years, the error bars represent the minimum and the maximum of the
values provided over the three reference years.

2.2.2.1 Dust emissions to air

Figure 2.2, Figure 2.3 and Figure 2.4 give an overview of the channelled dust emissions to air
from all 182 waste treatment plants on the plant reference list that measure dust. Figure 2.5
shows the dust emissions to air from all mechanical treatments of waste (mechanical treatment
in shredders of metal waste, mechanical treatment of waste with calorific value, treatment of
WEEE containing VFCs and/or VHCs, and mechanical treatment of WEEE containing
mercury).

The plants from the reference list with the highest dust concentrations in channelled emissions
to air carry out as their main waste treatment process: mechanical treatment in shredders of
metal waste (Section 3.1), MBT (mechanical biological treatment, see Section 4.4), physico-
chemical treatment of solid and/or pasty waste (Section 5.1) and anaerobic treatment of bio-
waste (Section 4.3).

NB: The plant codes are not indicated for legibility reasons.

Figure 2.2:  Dust emissions to air from all waste treatment plants (periodic measurements)
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Figure 2.3: Dust emissions to air from all waste treatment plants (continuous measurements —
long-term average)

Figure 2.4: Dust emissions to air from all waste treatment plants (continuous measurements —
short-term average)
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Figure 2.5:  Dust emissions to air from all mechanical treatments of waste
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2222 Organic compound emissions to air

As for emissions of organic compounds to air, three parameters are reported by the plants from
the reference list: TVOC, TOC and NMVOC. The measurement standard used, when reported,
is in most cases EN 12619 (or in some cases EN 13256 which was superseded by EN 12619 in
2013) and the reported monitoring method is mainly FID, for which filtration of the sample is
necessary. With this standard and this method, total gaseous organic carbon is determined. For
each parameter, measurements are carried out periodically or continuously, with long-term or
short-term averaging. These various measurements are shown in Figure 2.6 to Figure 2.15.

In a few cases, very high concentration values correspond to plants performing regeneration of
waste solvents (Section 5.4) where the emissions flow rate is very low. In those cases, the
concentration of organic compounds in the emissions is not the proper parameter to reflect the
amount of organic compounds released to the atmosphere. As a summary, the plants from the
reference list with the highest concentrations of organic compounds in emissions to air are
plants which perform:

. regeneration of waste solvents, as already mentioned above, re-refining of waste oil, and
physico-chemical treatment of waste with calorific value (Section 5.3); Figure 2.16 below
shows an overview of emissions of organic compounds to air arising from these
processes;

. mechanical treatment in shredders of metal waste (Section 3.1); and

. treatment of water-based liquid waste (Section 5.7).

Figure 2.6: TVOC emissions to air from all waste treatment plants (periodic measurements)
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Figure 2.7: Detail of TVOC emissions to air from all WT plants (periodic measurements)
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Figure 2.8: TVOC emissions to air from all waste treatment plants (continuous measurements —
long-term average)

Figure 2.9: TVOC emissions to air from all WT plants (continuous measurements — short-term
average)
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Figure 2.10: TOC emissions to air from all WT plants (periodic measurements)

Figure 2.11: TOC emissions to air from all WT plants (continuous measurements — short-term
average)
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Figure 2.12: NMVOC emissions to air from all WT plants (periodic measurements)

Figure 2.13: Detail of NMVOC emissions to air from all WT plants (periodic measurements)
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Figure 2.14: NMVOC emissions to air from all WT plants (continuous measurements — long-term
average)

Figure 2.15: NMVOC emissions to air from all WT plants (continuous measurements — short-term
average)
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NB: Figure continues on the next page
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Figure 2.16: Emission of organic compounds to air from re-refining of waste oils, physico-chemical treatment of waste with calorific value and regeneration of spent
solvents
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2.2.2.3 Ammonia emissions to air

Figure 2.17 and Figure 2.18 give an overview of the ammonia (NH3) emissions to air from all
74 waste treatment plants on the plant reference list that measure NH;. Plants measuring NH3
are mainly those carrying out biological treatments (Section 4), treatment of water-based liquid
waste (Section 5.6) and, to a lesser extent, physico-chemical treatment of solid and/or pasty
waste (Section 5.1). Figure 2.20 shows the NH; emissions to air from the biological treatment of
waste only.

Figure 2.17: NH; emissions to air from all WT plants (periodic measurements)
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Figure 2.18: Detail of NH3; emissions to air from all WT plants (periodic measurements)

Figure 2.19: NH; emissions to air from all WT plants (continuous measurements — long-term
average
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Figure 2.20: NH; emissions to air from all plants performing biological treatments
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2.3 Techniques to consider in the determination of general
BAT for the WT sector

This chapter describes techniques (or combinations thereof), and associated monitoring,
considered to have the potential for achieving a high level of environmental protection in the
activities within the scope of this document. The techniques described will include both the
technology used and the way in which the installations are designed, built, maintained, operated
and decommissioned.

It covers environmental management systems, process-integrated techniques and end-of-pipe
measures. Waste prevention and management, including waste minimisation and recycling
procedures, are also considered, as well as techniques that reduce the consumption of raw
materials, water and energy by optimising use and reuse. The techniques described also cover
measures used to prevent or to limit the environmental consequences of accidents and incidents,
as well as site remediation measures. They also cover measures taken to prevent or reduce
emissions under other than normal operating conditions (such as start-up and shutdown
operations, leaks, malfunctions, momentary stoppages and the definitive cessation of
operations).

Annex Il to the Directive lists a number of criteria for determining BAT, and the information
within this chapter will address these considerations. As far as possible, the standard structure in
Table 2.4 is used throughout this document to outline the information on each technique, to
enable a comparison of techniques and the assessment against the definition of BAT in the
Directive.

This chapter does not necessarily provide an exhaustive list of techniques which could be

applied in the sector. Other techniques may exist, or may be developed, which could be
considered in the determination of BAT for an individual installation.

Table 2.4:  Information for each technique

Headings within the sections
Description

Technical description

Achieved environmental benefits

Environmental performance and operational data
Cross-media effects

Technical considerations relevant to applicability
Economics

Driving force for implementation

Example plants

Reference literature

The aim of this chapter is to present techniques which may be applicable to more than one type
of waste treatment, in order to avoid repetition in the chapters of this document dedicated to one
type of waste treatment (namely Chapters 3 to 5). This means that those chapters may refer to
techniques presented here when relevant, as well as introducing additional techniques which are
specific to the type of waste treatment concerned.
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231 Organisational techniques to improve environmental
performance

2311 Environmental management system (EMS)

Description

A formal system to demonstrate compliance with environmental objectives.

Technical description

The Industrial Emission Directive defines ‘techniques’ (under the definition of 'best available
techniques’) as ‘both the technology used and the way in which the installation is designed,
built, maintained, operated and decommissioned”’.

In this respect, an environmental management system (EMS) is a technique allowing operators
of installations to address environmental issues in a systematic and demonstrable way. EMSs
are most effective and efficient where they form an inherent part of the overall management and
operation of an installation.

An EMS focuses the attention of the operator on the environmental performance of the
installation; in particular through the application of clear operating procedures for both normal
and other than normal operating conditions, and by setting out the associated lines of
responsibility.

All effective EMSs incorporate the concept of continuous improvement, meaning that
environmental management is an ongoing process, not a project which eventually comes to an
end. There are various process designs, but most EMSs are based on the plan-do-check-act cycle
(which is widely used in other company management contexts). The cycle is an iterative
dynamic model, where the completion of one cycle flows into the beginning of the next (see
Figure 2.21).

Figure 2.21: Continuous improvement in an EMS model

An EMS can take the form of a standardised or non-standardised (‘customised’) system.
Implementation and adherence to an internationally accepted standardised system, such as
EN 1SO 14001, can give higher credibility to the EMS especially when subjected to a properly
performed external verification. EMAS provides additional credibility due to the interaction
with the public through the environmental statement and the mechanism to ensure compliance
with the applicable environmental legislation. However, non-standardised systems can, in
principle, be equally effective provided that they are properly designed and implemented.
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While both standardised systems (EN ISO 14001 or EMAS) and non-standardised systems
apply in principle to organisations, this document takes a narrower approach, not including all
activities of an organisation, e.g. with regard to their products and services, due to the fact that
the IED only regulates installations/plants.

An EMS can contain the following components:

I. commitment of the management, including senior management;

Il. definition, by the management, of an environmental policy that includes the continuous
improvement of the environmental performance of the installation;

I11. planning and establishing the necessary procedures, objectives and targets, in conjunction
with financial planning and investment;

IV. implementation of procedures, paying particular attention to:

a) structure and responsibility,

b) recruitment, training, awareness and competence (see Section 2.3.1.3),
C) communication,

d) employee involvement,

e) documentation,

f) effective process control,

)] maintenance programmes,

h) emergency preparedness and response,

i) safeguarding compliance with environmental legislation;

V. checking performance and taking corrective action paying particular attention to:

a) monitoring and measurement (see also the JRC Reference Report on
Monitoring of Emissions to Air and Water from IED installations (ROM))
([ 43, COM 20181]),

b) corrective and preventive action,
c) maintenance of records,
d) independent (where practicable) internal and external auditing in order to

determine whether or not the EMS conforms to planned arrangements and has
been properly implemented and maintained,;

. review of the EMS and its continuing suitability, adequacy and effectiveness by senior
management;

. following the development of cleaner technologies;

. consideration of the environmental impacts from the eventual decommissioning of the
plant at the stage of designing a new plant, and throughout its operating life;

. application of sectoral benchmarking on a regular basis;

. waste stream management (see Sections 2.3.2.1 t0 2.3.2.9);

. an inventory of waste water and waste gas streams (see Section 2.3.1.2);
. residues management plan (see Section 2.3.12);

. accident management plan (see Section 2.3.13.1);

VI. odour management plan (see Section 2.3.5.1);
VII.  noise and vibration management plan (see Section 2.3.10.1).

Achieved environmental benefits

An EMS promotes and supports the continuous improvement of the environmental performance
of the installation. If the installation already has a good overall environmental performance, an
EMS helps the operator to maintain the high performance level.
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Environmental performance and operational data
No information provided.

Cross-media effects
None reported. The systematic analysis of the initial environmental impacts and scope for
improvements in the context of the EMS sets the basis for assessing the best solutions for all
environmental media.

Technical considerations relevant to applicability

The components described above can typically be applied to all installations within the scope of
this document. The scope (e.g. level of detail) and nature of the EMS (e.g. standardised or non-
standardised) will be related to the nature, scale and complexity of the installation, and the range
of environmental impacts it may have.

Economics

It is difficult to determine accurately the costs and economic benefits of introducing and
maintaining a good EMS. There are also economic benefits that are the result of using an EMS
and these vary widely from sector to sector.

External costs relating to verification of the system can be estimated from guidance issued by
the International Accreditation Forum [ 44, IAF 2010 ].

Driving force for implementation
The driving forces for the implementation of an EMS include:

. improved environmental performance;

. improved insight into the environmental aspects of the company which can be used to
fulfil the environmental requirements of customers, regulatory authorities, banks,
insurance companies or other stakeholders (e.g. people living or working in the vicinity of
the installation);

. improved basis for decision-making;

. improved motivation of personnel (e.g. managers can have confidence that environmental
impacts are controlled and employees can feel that they are working for an
environmentally responsible company);

. additional opportunities for operational cost reduction and product quality improvement
. improved company image;
. reduced liability, insurance and non-compliance costs.

Example plants
EMSs are applied in a number of installations throughout the EU.

Reference literature
[ 45, COM 20161, [ 46, COM 20091, [ 47, DG Environment 2010 ],

2312 Stream inventory/register

Description

The compilation of relevant basic data on the composition and quantity of waste water and
waste gas streams — each one individually — is done in a stream inventory/register (waste water
inventory/register, waste gas inventory/register). The emitted streams are listed respective to
their source, i.e. the waste treatment process from which they originate. This is a key element in
assessing their degree of contamination and the nature of the contaminants, as well as the
possibilities of reduction at the source.
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Technical description

A stream inventory/register addresses the following aspects, if relevant to the particular local
conditions:

(i) information about the characteristics of the waste treatment processes, including:
(a) simplified process flowsheets that show the origin of the emissions;
(b) descriptions of process-integrated techniques and waste water/waste gas treatment at
source including their performances;

(i) information about the characteristics of the waste water streams, such as:
(a) average values and variability of flow, pH, temperature, and conductivity;
(b) average concentration and load values of relevant substances/parameters and their
variability (e.g. COD/TOC, nitrogen species, phosphorus, metals, priority
substances/micropollutants);
(c) data on biceliminability (e.g. BOD, BOD to COD ratio, Zahn-Wellens test,
biological inhibition potential (e.g. nitrification));

(iii) information about the characteristics of the waste gas streams, such as:
(a) average values and variability of flow and temperature;
(b) average concentration and load values of relevant substances/parameters and their
variability (e.g. organic compounds, POPs such as PCBS);
(c) flammability, lower and higher explosive limits, reactivity;
(d) presence of other substances that may affect the waste gas treatment system or plant
safety (e.g. oxygen, nitrogen, water vapour, dust).

Achieved environmental benefits

Achieved environmental benefits include the reduction of emissions to water and/or air.
Identification of relevant waste water/waste gas streams is a prerequisite for efficient waste
water/waste gas management and for the reduction of emissions by technical and management
measures.

Environmental performance and operational data
No information provided.

Cross-media effects
None.

Technical considerations related to applicability

The scope (e.g. level of detail) and nature of the inventory will generally be related to the
nature, scale and complexity of the installation, and the range of environmental impacts it may
have (determined also by the type and amount of wastes processed).

Economics
No information provided.

Driving force for implementation
Inventories/registers may be used to assess the implementation of BAT and may constitute basic
information for authorities for setting emission limit values.

Example plants
The use of a stream inventory is applied in a number of installations throughout the EU.

Reference literature
[ 45, COM 2016 ]
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23.1.3 Utilisation of qualified personnel in the plant

Description
The waste treatment plant is operated by adequate staff, in terms of number, qualification and
competence.

Technical description
Training, awareness and competence of staff are parts of the Environmental Management
System (see Section 2.3.1.1).

Some examples of techniques related to staff are as follows:

a. At all times the operator of a WT plant needs to have sufficient staff available and on duty
with the requisite qualifications. All personnel need to undergo specific job training.

b. The supervisory staff and all heads of sections in the waste management plant are reliable
and technically qualified and have appropriate practical experience. Technical qualifications
may have been obtained from a successfully completed course at a state or state-approved
technical university, university of applied science or school of engineering. Technical
expertise can also be recognised on the basis of comparable training or many years of
practical experience.

c. Non-supervisory staff are reliable and technically skilled. This technical skill may be based,
for example, on formal qualifications in areas such as community services and waste
disposal, on many years of practical experience, or on comparable training.

Achieved environmental benefits

Improvement of the environmental performance of the facility. Qualified people and training are
essential in WT operations, both for the waste producers (sorting, collecting, etc.) and for the
WT operator. Health, safety, security and environmental protection all depend on the good
management of the installation and, as a result, on workers' qualifications.

Cross-media effects
None.

Environmental performance and

It may be that delivered wastes might cause problems, so it is advantageous if the staff in charge
are alert to problematic wastes. Staff are kept aware of all materials which might cause
problems during processing. Depending on the machines used, these might be large bulky parts
or other components like metals. If the staff are alert, almost continuous processing with a small
range of quality fluctuations can be expected.

Technical considerations related to applicability

Fully applicable to the whole WT sector. The number, qualification and competence of the
personnel are proportionate to the plant size and to the complexity of the waste treatment
processes.

Economics
Qualified people are typically more expensive. Putting in place training programmes (either in-
house or externally subcontracted) will incur some extra costs for the operator.

Driving force for implementation
Improvement of the plant performance.

Example plants
There are many examples in the sector.

Reference literature
[ 17, Pretz et al. 2003 1, [ 48, UBA Germany 20031, [ 18, WT TWG 2004 ]
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2.3.2 Operational techniques to improve environmental performance

This section covers those techniques that help the operator to characterise the waste input to be
treated. The rigour with which this characterisation is done is essential to the subsequent waste
treatment operations. Failure to adequately screen waste samples prior to acceptance and to
confirm its composition on arrival at the installation has often historically led to subsequent
problems, including inappropriate storage and mixing of incompatible substances, an
accumulation of wastes and an unexpected treatment, and hence unexpected emission profiles.

2.3.2.1 Waste pre-acceptance

Description
Pre-acceptance procedures are techniques to ensure the technical (and legal) suitability of the
waste treatment operation for a particular waste.

Technical description
0] The waste pre-acceptance procedure requires the following in writing or in electronic
form prior to the arrival of the waste at the facility:

. the name, location and contact details of the waste producer;
. relevant details of the process giving rise to the waste;

. an appropriate description of the waste including its physical form, comprehensive
chemical composition (based on a representative sample or samples of the waste), and
hazardous properties;

. confirmation that the waste does not contain a radioactive source or, when there is a risk
of radioactive contamination, confirmation that the waste is not radioactive except where
the facility is permitted to accept such waste;

. the estimated quantity expected to be delivered to the operator per load and in a year;
. information on the nature and variability of the waste production process(es);
. the European List of Waste code for the waste.

Verification of the written information provided may be required, and this may require contact
with or a visit to the producer. Additional factors may become apparent when dealing with staff
directly involved in the waste production.

(i) A representative sample of the waste is obtained and analysed if:
. the chemical composition or variability of the waste is unclear from the information

supplied by the customer, or there are doubts about whether the sample analysed is
representative of the waste; and

o the waste is to be treated at the operator’s facility (this allows tests to be conducted
regarding the planned treatment to determine that the treatment will be safe and
effective).

(iii))  Arepresentative sample may not be required where, for example, the waste is:

. asbestos;

. a pure product chemical or aerosol where the chemical composition and hazardous
properties are available in a REACH-compliant safety data sheet;

. laboratory smalls in containers of, for example, less than five litres;
. contaminated clothing, packaging or rags;
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. an ‘article', for example batteries, lighting tubes, WEEE, end-of-life vehicles or parts
thereof, and metal waste and scrap;

. solid non-hazardous waste except for "mirror entries" (i.e. where waste may be allocated
to a hazardous entry or to a non-hazardous entry according to the European List of Waste
— LoW), when the waste composition is unknown;

o contaminated wood and roofing material;

. produced in an emergency - such wastes must remain quarantined until a full
characterisation has been completed.

(iv) Following the full characterisation of the waste, a technical assessment is made of the
suitability of the waste for treatment or storage to ensure permit conditions can be met.
It is ensured that the waste complies with the installation's treatment capabilities. In the
case of water-based liquid waste, it may include laboratory-scale tests to predict the
performance of the treatment, e.g. on breaking of emulsion and biodegradability.

(V) The personnel dealing with the pre-acceptance procedure have the necessary
professional skills, training and/or experience to deal with all issues relevant for the
management of the wastes in the facility.

(vi) Material flow analysis for the components in the waste will help identify the flow(s) and
fate(s) of the components in the waste. This analysis can be helpful in choosing the
most appropriate forms of treatment for the waste, either directly at the site or at any
subsequent treatment site. It also helps in ensuring that hazardous components are
correctly treated and either destroyed or removed, when not desired, from the product
cycle into a 'sink’ and not diluted into the recycling/product cycle.

(vii)  Records of pre-acceptance are kept for at least 3 years following receipt of the waste in
a computerised process control system. When the enquiry does not lead to the waste
being received there is no requirement to keep records.

(viii)  The information required at pre-acceptance is reassessed:

. if the waste changes;

. if the process giving rise to the waste changes;

. if the waste as received is found not to conform to the pre-acceptance information;
o in any case, on an annual basis.

(ix) Odour criteria are applied to reject biodegradable wastes that are already releasing or
have the potential to release mercaptans or other VOCs, low molecular weight amines,
acrylates, or other similarly highly odorous materials that are only suitable for
acceptance under special handling requirements.

Waste pre-acceptance procedures are risk-based considering, for example, the hazardous
properties of the waste, the risks posed by the waste in terms of process safety, occupational
safety and environmental impact as well as the knowledge of the previous waste holder(s).

Achieved environmental benefits
These techniques can help operators identify and then reject unsuitable wastes which could lead
to adverse reactions or uncontrolled emissions during treatment.

Environmental performance and operational data

Pre-acceptance for waste oil treatment

As a general requirement, this step is not critical for a waste oil treatment plant, but it would be
required if the waste was destined for treatment at a mineral oil refinery for example. Typically
the waste comes from a large number of small-volume sources, such as garages, but its
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composition is essentially fixed. Pre-acceptance procedures relating to information collection
need to be applied for one-off industrial arisings of waste oil and arisings from sources where
other chemicals and potential contaminants may be handled, for example from chemical
manufacturing. Contamination of waste oil by substances such as solvents does occur and
although relatively low levels of contamination can be accommodated by the operator, in so far
as it may not affect the sale of the recovered oil, the contamination still needs to be identified.
Low-flashpoint solvents will give rise to handling difficulties as the plants are not set up to deal
with flammable materials. Petrol contamination often occurs, which significantly reduces the
flashpoint of the material and will thus significantly increase the risk of accidents. Care is taken
in choosing and interpreting the most appropriate flashpoint. Solvents will also be driven off in
the heating process, therefore increasing VOC emissions. Contamination with PCBs can transfer
those PCBs to either the product, which may give rise to dioxin formation if used in a
subsequent combustion, to the tank bottom oil sludges or to the effluent.

Pre-acceptance of laboratory smalls

If drums are used for laboratory smalls, a list of the contents is created and stored within the
drum below the lid. Similarly for other types of packages containing laboratory smalls, a list of
contents is created and appropriately stored within or attached to the packaging. Each packed
drum (or other package) is then labelled with respect to the hazard for carriage (e.g. ADR
regulations). The level of supervision or management of this type of situation depends on a
number of factors. In any case a full list of the contents needs to be produced. For operators who
accept wastes packaged by their customers, packing guidance is typically provided to the
customer. Waste producers need written procedures regarding the segregation, packaging and
labelling of laboratory smalls.

Scoping study for physico-chemical plants

Sites need to undertake a scoping study to identify materials that are not covered by their
effluent monitoring programme but are accepted at the site. The main areas to consider are as
follows:

. Agueous wastes containing solvents which may then be emitted due to the heat of the
process.

. High-nitrogen wastes with the potential for ammonia emissions to air.
. High-sulphur wastes with the potential for hydrogen sulphide and VOC emissions to air.

o Wastes containing phosphorus: not all sites are required to monitor regularly for ‘total
phosphorus’ so at these sites it may be easier to estimate this emission from the intake of
phosphoric acid.

. Occasional inorganic wastes, e.g. wastes containing arsenic. Again, in most cases it will
be easier to calculate the annual emission from occasional waste input data rather than to
extend the monitoring programme.

Biological treatment plants

The initial assessment and periodic verification required are proportionate to the risk posed by
the type and nature of the relevant waste. For example, green waste from a landscaper is of a
lower risk than mixed municipal waste and will therefore require a lesser degree of scrutiny at
pre-acceptance.[ 49, Bio. subgroup 2014 ]

Cross-media effects
None.
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Technical considerations relevant to applicability

The requirement to characterise the waste, including sampling and analysis, also applies to
waste transfer and treatment facilities. There is often reluctance amongst third parties to divulge
the identity of the waste producer as this may be of commercial benefit. This however cannot
override the fundamental requirement for the operator to check the information on the waste
provided by the waste producer (not just the current holder), who is naturally in the best position
to verify the waste.

Economics
No information provided.

Driving force for implementation
Safety of the process equipment and workers, as well as legislative requirements for specific
waste treatment activities and permit requirements.

Example plants
Commonly used in the waste treatment sector.

Reference literature

[ 50, OWAV Working Commitee 2002 1, [ 9, UK EA 2001 ], [ 10, Babtie Group Ltd 2002 ],

[ 11, WT TWG 2003 ], [ 48, UBA Germany 2003 ], [ 18, WT TWG 2004 ], [ 51, WT TWG
2005 1, [ 49, Bio. subgroup 2014 1, [ 29, PCT Subgroup 2015 ]

2.3.2.2 Waste composition characterisation

Description
Combination of analyses to be carried out at the pre-acceptance stage to achieve sufficient
knowledge of the waste composition.

Technical description

Waste composition characterisation is an essential step in the pre-acceptance procedure. For
instance, hazardous wastes are very complex mixtures. Only a combination of analyses can
ensure that sufficient knowledge is available for the safe handling and treatment of hazardous
waste. The selection of the analytical tests is also based on knowledge of the process(es)
generating the waste.

Waste composition characterisation is not a protocol carried out at the acceptance step but at the
pre-acceptance step. This protocol is not carried out for each waste or each new waste but when
the information gathered on the waste is not sufficient to ensure compliance with regulatory
requirements and to determine the adequate waste treatment route.

Quality

Analyses are carried out by laboratories having robust quality assurance procedures and
working with recognised test methods. The EN 1SO 17025 [ 52, CEN 2017 ] accreditation
represents best practice. The test sample for analysis from the laboratory sample is prepared
according to the relevant standard [ 53, CEN 2015 ]. When multiple immiscible phases or
fractions are present, the analysis will be performed on each phase and the results may be
combined to provide the final result.

Analysis of liquid waste
This may include the following:

(i) In the case of presence of suspended solids or separated phases, and when the analysis
methods applied to the liquid sample are suspected to not extract and quantify the
compounds present in solid particles or in the separate phase, the sample is
separated into two fractions by a suitable method (filtration, centrifugation,
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decantation). Then the mass of each fraction is determined, and comprehensive
analysis of the separated liquid fraction and solid fraction or each phase is
performed.

(ii) The following parameters may be measured:

o

@)
@)
O

e}

O O O O

o

Density of the sample.
Water content.
Ash content by calcination at 550 °C.

For waste water and aqueous waste, the pH, redox potential and electrical
conductivity are measured directly in the water. For pastes and oil, the
measurements are performed after water extraction from the crude sample with
a ratio of 10 I/kg of dry matter in a closed container to limit exchanges with the
atmosphere.

Tests are carried out in order to ensure that the stream is not inhibitory for the
biological treatment.

If the waste is saline (conductivity > 0.15 S/m), it is preferable, to ensure a
correct speciation of metals, to measure the chlorides and preferably all the
halogens that are soluble in water.

If the presence of cyanide is suspected, it is advised to determine the free and
complexed cyanide separately.

POPs if their presence is suspected.

The 12 heavy metals (As, Ba, Cd, Cr, Cu, Hg, Mo, Ni, Pb, Sh, Se, Zn) are
determined individually and quantitatively. Any specific classical method of
(partial) extraction of these metals may be used.

Other metal content and other elements (silicium, sulphur, phosphorus, etc.).
Chromium (V1) if its presence is suspected.
Content of volatile and semi-volatile substances.

Particular substances controlled by regulations with limit values < 1 w/w-% are
determined, if suspected, by classical quantitative analysis.

Mass balance of liquid waste.

Analysis of solid waste

This may include the following:

(i) As an option, measurement of the bulk density of the laboratory sample without
pretreatment, to inform the user of the nature of the waste.

(ii) The following parameters may be measured:

o

Water content. Pretreatment of the waste may be needed (not for volatile
compounds) by air drying at 40 °C, grinding and sieving.

Ash content (calcinated residue) following calcination at 550 °C.

For solids, pH, redox potential and electrical conductivity are measured in a
water extract of crude sample with a ratio of 10 I/kg of dry matter (DM).

If the waste is saline (conductivity of leachate > 0.15 S/m), it is desirable, to
ensure a correct speciation of metals, to measure the chlorides and preferably all
the halogens in the extract of 10 I/kg DM.

If the presence of cyanide is suspected, it is advised to determine the free and
complexed cyanide separately.

POPs if their presence is suspected.

The 12 heavy metals (As, Ba, Cd, Cr, Cu, Hg, Mo, Ni, Pb, Sh, Se, Zn) are
determined individually and quantitatively. Any specific classical methods of
(partial) dissolution of these metals may be used.
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Other metal content and other elements (silicium, sulphur, phosphorus, etc.).
Chromium (V1) if its presence is suspected.
Content of volatile and semi-volatile substances.

Particular substances controlled by regulations with limit values < 1 w/w-% are
determined, if suspected, by classical quantitative analysis.

o Mass balance of solid waste.

O O O O

Environmental performances and operational data
An accurate knowledge of the hazardous waste allows:

. the hazardous criteria to be defined;
. the impact on the Seveso status of the installation to be assessed;
. the compliance with the mixing rules to be ensured.

It is also a very important tool to ensure that hazardous substances that are prohibited for
recycling are correctly managed and extracted from the recycled part of the waste like POPs,
Substances of Very High Concern (SVHC) and substances subject to authorisation (listed in
Annex XIV to the REACH regulation).

Consequently, the complete protocol described in the technical description is the most up-to-
date one to avoid any detrimental effects on the environment due to a lack of knowledge of the
composition of the hazardous waste (during handling and treatment).

Cross-media effects
None.

Technical considerations relevant to applicability
The protocol described is very accurate for all organic substances but can lead to a more open
interpretation for inorganic substances (mainly metal compounds).

All analyses in the protocol give information on elemental composition (metals, halogens, etc.).
If the operator or the producer of the waste does not have mineralogical information about the
waste, it is very difficult to interpret the analytical results and provide the right information on
the speciation of metals. In this situation and in order to have a complete picture for the
characterisation of hazardous waste, a 'worst-case' approach can be used where, for example, a
specific metal is considered as it is the most dangerous compound which is likely to be present
depending on the physico-chemical context.

Economics
The cost of the whole protocol, which depends highly on the waste to be treated and on the
treatment process, can be significant. Some examples provided for cost are around EUR 1000
per sample.

Driving force for implementation

. Better knowledge of hazardous waste.

. Compliance with the Waste Framework Directive and classification of waste.
. Compliance with the Seveso Directive.

Example plants
Operators of hazardous waste treatment plants in France use this protocol when necessary.

Reference literature

[ 54, AFNOR 20131, [ 55, Hennebert et al. 20151, [ 29, PCT Subgroup 2015 ],

[ 52, CEN 20051, [ 53, CEN 20151, [ 56, CEN 2006 ], [ 57, CEN 2007 ], [ 58, I1SO 2012 ],
[ 59, ISO 20121,
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[60,1SO 20111, [ 61, AFNOR 20021, [ 62, CEN 2007 ], [ 63, AFNOR 1988 ],
[ 64, CEN 2005 ], [ 65, CEN 2002 ], [ 66, CEN 2006 ]

2.3.2.3 Waste acceptance

Description
Acceptance procedures aim to confirm the characteristics of the waste, as identified in the pre-
acceptance stage.

Technical description

The waste acceptance procedure provides details of the following steps which are undertaken by
operators when the waste arrives at the facility. It also takes into consideration the objectives of
the treatment (which includes the specification intended for the output).

Acceptance principles

0] Other than in an emergency, the operator only receives onto the site prebooked wastes
that have been adequately pre-accepted and that are consistent with the pre-acceptance
information.

(i) All wastes are checked and verified against pre-acceptance information and transfer
documentation before being received on site.

(iii)  The operator sets out and follows clear and unambiguous criteria for the rejection of
wastes and the reporting of all non-conformances to the competent authorities.

(iv) Waste is only received and accepted under the supervision of a suitably qualified
person.

(v) All transfer documentation is checked and validated.

(vi) The operator ensures that the facility has the necessary capacity to receive the waste for
all storage areas (quarantine, reception, general and bulk) and treatment processes.
Wastes are not received if the capacity is not available. The physical and licensed
capacity must be sufficient for the storage and, if relevant, the storage must respect the
summation of hazardous quantities as defined in the Seveso classification of the plant.

(vii)  When there is a risk of radioactive contamination, the waste is checked to determine
that it is not a radioactive waste.

Sampling
(viii)  Other than some wastes such as:

o pure waste chemicals;

asbestos;

contaminated clothing, packaging or rags;
articles’;

laboratory smalls;

solid non-hazardous waste (except for mirror entries when the waste
composition is unknown);

contaminated wood and roofing material;
green wastes and food wastes;

o O O O

O

all wastes, bulk or containerised (including from every container), are representatively
sampled and undergo verification and compliance testing. Reliance solely on the written
information supplied is not sufficient.

(ix) A representative sample is one that takes account of the full variation and any
partitioning of the load such that worst case scenarios are accounted for.

(x) Sampling takes place on site under the supervision of the site’s qualified staff. Where
the driver arrives at the site with a sample taken elsewhere, there is a full risk
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(xi)
(xii)

assessment to check that the sample is representative, reliable and was only taken for
specific health or safety purposes (for example, air- or water-reactive wastes).

A record of the sampling regime, process and justification is maintained in the
computerised waste process control system.

Acceptance samples are retained on site for an appropriate amount of time (e.g. 2 days)
after the waste has been treated or removed from the facility including all residues from
its treatment.

Inspection and analysis

(xiii)

(xiv)

The tests required for verification purposes at acceptance (for example, metal content,
total petroleum hydrocarbons, colour, pH, and odour) are listed in the computerised
waste process control system. If visual inspection is not feasible (e.g. for occupational
safety reasons), the compliance of the waste input is checked by analytical equipment
(e.g. viscometry, infrared, chromatography, mass spectrometry), laboratories and
adequate human resources.

Analysis of waste is carried out by a laboratory with suitably recognised test methods.
Where the waste received is hazardous, the laboratory is on site or routinely available at
another site.

Reception

(xv)

(xvi)

(xvii)

(xviii)

(xix)

(xx)

(xxi)

(xxii)

(xxiii)

It is ensured that all containers are adequately labelled and in sound condition
(undamaged and not corroded; lids are well fitted; and caps, valves, bungs are present
and secure) before being offloaded. Any unsound or unlabelled containers are put into
guarantine and dealt with appropriately. Labelling includes the unique tracking system
reference number, the date of arrival on site and at least a primary hazard code. This
information is added to the computerised waste process control system.

Following visual inspection, waste containers are offloaded into a dedicated reception
area to await sampling and verification.

Any containers in the reception area are sampled and verified as compliant as soon as
possible (e.g. within one working day of receipt) and transferred to the relevant general
storage area on site, or quarantine if appropriate. Wastes are not deposited within a
reception area without adequate space.

Quarantine storage of enclosed containers is for a maximum of five working days.
Written procedures are in place for dealing with wastes held in quarantine, together with
a maximum storage volume. For some limited and specific cases (for example detection
of radioactivity), the quarantine storage could be longer.

Where containers hold laboratory smalls, each container is opened as soon as possible
(e.g. within 1 day of receipt) to check that the contents remain undamaged and that the
inventory is as expected. All of the contents in each drum must be compatible and
sorted by primary hazard. Once sorted and secure, the laboratory smalls’ containers are
moved to compatible general storage.

The residual waste quarantine, reception, general and bulk storage capacity of the
installation is kept up-to-date in a computerised waste process control system; a
prebooking system ensures that the residual waste storage and process capacity are
sufficient for the incoming acceptable waste inputs.

Bulk loads (liquid or solid) can only be offloaded once they have been fully verified as
compliant. Interim storage of incompliant bulk load is not done except in an emergency
situation. Verification testing includes consistency with pre-acceptance information,
compatibility with appropriate bulk load storage, and checking treatability and
compatibility (e.g. with a treatment matrix using laboratory-scale simulation).

Separate spaces are foreseen in the reception area for the separation of extraneous
materials or oversized pieces.

The designated sampling point(s) or reception area need to be in close proximity to the
laboratory/checking facility and need to be visible.
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(xxiv) The reception area is equipped with a suitably sealed drainage system to prevent
contaminated run-off, and a separate collection system for spills which is separated
from rainwater collection drains (see Section 2.3.11).

(xxv) The offloading, sampling point/reception and quarantine areas have an impervious
surface with self-contained drainage, to prevent any spillage entering the storage
systems or escaping off site.

(xxvi) Wastes are immediately segregated to remove possible hazards due to incompatibility,
which could result in the waste failing to meet acceptance criteria.

(xxvii) It is ensured that incompatible substances do not come into contact with spills from
sampling, for example within a sump serving the sampling point. Absorbents need to be
made available to deal with any spills.

Waste acceptance procedures are risk-based considering, for example, the hazardous properties
of the waste, the risks posed by the waste in terms of process safety, occupational safety and
environmental impact as well as the knowledge of the previous waste holder(s).

Achieved environmental benefits

The acceptance procedure confirms the validity of the pre-acceptance checks and information
and therefore helps ensure that no unsuitable wastes are accepted which could lead to adverse
reactions or uncontrolled emissions during treatment.

Environmental performance and operational data
Waste oil treatment plants

Typically these plants place a greater emphasis on the final acceptance procedures than those at
the pre-acceptance stage.

Acceptance of laboratory smalls

The procedures for accepting laboratory smalls into a site are essentially identical to those for
drummed wastes. They differ from the ‘normal’ waste inputs to the site in that they are in a pure
concentrated form. In situations where the operator has undertaken the identification and
packaging on behalf of the customer, the on-site verification can be restricted to opening the
drums to check that the containers are undamaged. In such cases, the load is accompanied by
documentation confirming the checking and packing. In situations where the drum has been
packed by the customer, full checks and verification need to be adequately undertaken by the
operator. Checking the packaging and segregation include emptying the drum as soon as
possible and repackaging the waste once all the necessary checks have been made. If, on
opening a drum, it is found that it contains incompatible substances, or that the substances have
not been packaged adequately, then the drum needs to be sorted and repacked immediately, and
the site non-conformance procedures followed.

Physico-chemical treatment sites

All waste is checked on arrival by visual inspection and by sampling. The sampling system
varies in the breadth of analysis and its scope is determined at pre-acceptance. There may be a
simple screen for flashpoint and pH or a sample taken for rapid laboratory determination of
these elements and the metals content and also a rough organic screening. Alternatively, the
nature of the waste may require a thorough screening or pretesting of the treatment process.

Waste catalyst
Materials are checked for unforeseen impurities and contamination and this can be cost-

effective in maintaining a cleaner product and reducing emissions.

Waste activated carbon

Activated carbon received for regeneration is identified as a discrete batch and analysed, so that
the substances to be desorbed during the treatment are known and it can be confirmed that the
plant has the capability to process them within the constraints of the authorisation. The applicant
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sets out clearly the types of contaminant on the activated carbon that are intended for
regeneration.

Cross-media effects
None.

Technical considerations relevant to applicability
Generally applicable.

Economics
Waste characterisation and analysis costs for protecting the works are typically high.

Reception facilities for waste water treatment works, for example tanker unloading and storage,
may cost around EUR 1.5 million (GBP 1 million). Operational costs are relatively low and
mainly involve administrative costs.

Driving force for implementation
Safety of the process equipment and workers, as well as legislative requirements for specific
waste treatment activities and permit requirements.

Example plants
These techniques are common for many plants in the waste sector.

Reference literature

[ 67, UK Environment Agency 1996 1, [ 9, UK EA 2001 ], [ 10, Babtie Group Ltd 20021, [ 11,
WT TWG 2003 ], [ 33, Irish EPA 2003 ], [ 16, Ruiz, C. 2002 ], [ 48, UBA Germany 2003 ],

[ 18, WT TWG 2004 1, [ 19, WT TWG 2004 1, [ 51, WT TWG 2005 1, [ 29, PCT Subgroup
20151, [ 34, Watco 2002 1, [ 13, Schmidt et al. 2002 1, [ 17, Pretz et al. 2003 ], [ 26, Mech.
subgroup 2014 ]

23.24 Waste sampling

Description
The sampling procedure is used as part of the pre-acceptance and acceptance steps to select the
waste samples which will undergo characterisation, analyses or tests.

Technical description
A sampling procedure is designed based on the following principles:

(i) A risk approach based on the type of waste (e.g. hazardous or non-hazardous);
knowledge of the customer (e.g. waste producer); the impact of potential mixing or
blending; and the possibilities for subsequent treatment.

(i)  The relevant physico-chemical parameters are checked (e.g. by viscometry, infrared,
chromatography and mass spectrometry as appropriate).

(iii)  Sampling procedures are customised for:
o bulk liquid,;
e Dbulk solids;
o large and small containers/vessels (the number of samples increases with the
number of containers/vessels and the variability of the waste);
o laboratory smalls.
(iv)  The procedure contains details of the sampling of wastes in drums within designated
storage, e.g. the timescale after receipt.

(v)  The following information is determined and recorded:

o the sampling regime for each load, together with a record of the justification for
the selection of each option;
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e asuitable location for the sampling points;
o the capacity of the sampled vessel (for samples from drums, an additional
parameter would be the total number of drums);
¢ the number of samples and degree of consolidation;
¢ the operating conditions at the time of sampling.
(vi)  Inthe case of cold ambient temperatures, a temporary storage may be needed in order to
allow sampling after defrosting.
(vii) A laboratory to analyse all the samples in a timely manner at the required speed.
Particularly for hazardous wastes, this often means that the laboratory (with suitable
equipment) needs to be on site.

One standard and five guides for sampling from a source of waste are available:

. EN 14899 Characterization of waste - Sampling of waste materials - Framework for the
preparation and application of a Sampling Plan;

. CEN/TR 15310-1 Characterization of waste - Waste Collection - Part 1: Guide on the
selection and application of criteria for sampling under various conditions;

. CEN/TR 15310-2 Characterization of waste - Waste Collection - Part 2: Guide on
sampling techniques;

. CEN/TR 15310-3 Characterization of waste - Waste Collection - Part 3: Guide on
procedures for sub-sampling in the field,;

. CEN/TR 15310-4 Characterization of waste - Waste Collection - Part 4. Guide to the
packaging procedures for storage, conservation, transportation and delivery of samples;

. CEN/TR 15310-5 Characterization of waste - Sampling of waste - Part 5: Guide on the
process of developing a sampling plan.

In the event that a sampling plan cannot be implemented according to those methods, the holder
of the waste will follow the procedures in use in the sector for the waste studied.

The sampling phase results in a laboratory sample.

Achieved environmental benefits

. Improvement of the overall environmental performance of the waste treatment
installation.

. Prevention of accidents and incidents and related uncontrolled emissions.
. Some techniques also prevent fugitive emissions (e.g. causing odour) during sampling.

Environmental performance and operational data

Appropriate equipment is needed to sample and analyse different types of waste.

Generally for all types of waste sampling, the sampling procedure ensures that adequate
sampling and analysis is carried out to characterise the waste. Sampling regimes are designed to
account of the variability of the waste, and the number of samples taken is based on an
assessment of the risks posed by the waste. At the pre-acceptance stage, it may be not necessary
to sample every drum; for example, ‘the square root of (n+1)’ rule may be applied provided
acceptance screening includes the sampling of every container. In some instances, physical
sampling may not be necessary, for example in the case of gas cylinders or scrap batteries. In
other cases where variability is high or unknown, large numbers of samples will be necessary as
characterisation requires the sampling of all containers. The sampling of process wastes takes
account of the variability of the process, and several samples may be required to sufficiently
characterise the waste.

Cross-media effects
None.
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Technical considerations relevant to applicability

These techniques are relevant for all types of waste. Waste sampling procedures are based on a
risk approach considering, for example, the risks posed by the waste in terms of process safety,
occupational safety and environmental impact as well as the knowledge of the previous waste

holder(s).

Economics

An on-site laboratory may be costly for simpler treatment plants (see Table 2.5).

Table 2.5:  Economics of laboratory and monitoring equipment in a waste oil treatment facility

Techniques

Capital | Operatin
cost g cost
(GBP) (GBP)

Analytical laboratory (*)(%)

40 000 20 000

Process operation

Waste gas flow

Age of plant

Age of pollution control equipment

Continuous monitoring equipment (%) 10 000 1000
Technical specifications

Capacity 10 000 t/yr

Oil types Used lubricating oils

Batch

0-50 Nm*h
10 years old
2 years old

() Assumes no new building required

and relatively simple

laboratory equipment. Staffing includes one full-time technician.
() The costs of continuous monitoring equipment vary enormously
according to the number of substances monitored, analytical
techniques used and the supplier selected.
Source: [ 7, UK, H. 19957, [18, WT TWG 2004 ]

Driving force for implementation
Prevention of accidents and incidents.

Example plants
All waste plants do some kind of sampling.

Reference literature

[ 50, OWAV Working Commitee 2002 1, [ 9, UK EA 2001 ], [ 10, Babtie Group Ltd 2002 1, [

11, WT TWG 2003 ], [ 33, Irish EPA 2003 ], [ 14, Eucopro 2003 ], [ 48, UBA Germany 2003

1.[18, WT TWG 2004 ], [ 51, WT TWG 20051, [ 29, PCT Subgroup 2015 ].
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2.3.25 Waste tracking system and waste inventory

Description
A waste tracking system for the site holds all the information generated during pre-acceptance,
acceptance, storage, treatment and/or removal off site.

Technical description
The waste tracking system is capable of reporting all of the following:

. total quantity of waste present on site at any one time, in appropriate units, for example,
205-litre drum equivalents;

. breakdown of waste quantities being stored pending on-site treatment, classified by
treatment route;

. breakdown of waste quantities on site for storage only, i.e. awaiting onward transfer;
. breakdown of waste quantities by hazard classification;

. where the waste is located on site relative to a site plan;

. the quantity on site compared to the total permitted;

. the time the waste has been on site compared to the permitted time limit.

Records are made in the computerised waste process control system and kept up to date on an
ongoing basis to reflect deliveries, on-site treatment and despatches. The tracking system
operates as a waste inventory/stock control system and includes as a minimum:

. date of arrival on site;

. producer details;

. previous holder;

. a unique reference number;

. pre-acceptance and acceptance analysis results;
. package type and size;

. intended treatment route;
. accurate records of the nature and quantity of waste held on site, including all identified
hazards;

. where the waste is physically located in relation to a site plan;
. where the waste is in the designated waste treatment route (for batch treatment);

. accurate records of decisions regarding pre-acceptance, acceptance, storage, treatment or
rejection of waste streams;

. recipient of the output.

As a way of keeping an up-to-date waste inventory, the waste tracking system also aims at
avoiding an accumulation of waste, which may in turn lead to the deterioration or deformation
of the containers. It also helps in identifying any ageing waste on site and in ensuring that any
accumulations of liquids in bunds, sumps, etc. are dealt with promptly.

The waste tracking system is risk-based considering, for example, the hazardous properties of
the waste, the risks posed by the waste in terms of process safety, occupational safety and
environmental impact as well as the knowledge of the previous waste holder(s).

Achieved environmental benefits
Prevention of accidents and incidents.

Environmental performance and operational data
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The tracking system helps ensure sufficient knowledge as to what wastes have entered a
particular vessel/tank. For example, once a waste has entered bulk storage or a treatment
process, the tracking of individual wastes will not be feasible. However, the tracking of
residues/compounds that will be building up within a vessel between desludging events can be
carried out in order to avoid any incompatibility with incoming wastes.

For bulk liquid wastes, the objective is to maintain a stock control record of the route through
the process, whereas drummed waste control uses the individual labelling of each drum to
record the location and duration of storage.

Typically, for such tracking systems, computer databases are required. Implementation of an
effective system also requires additional administrative work. Tracking systems need to
ascertain what exactly has to be traced and when.

Cross-media effects
None.

Technical considerations relevant to applicability
The technique is generally applicable.

Economics
No information provided.

Driving force for implementation

. Compliance with facility permit, specifically any restrictions on capacity either for the
whole site or specific waste streams.

. Compliance with the requirements of the Seveso Directive.

Example plants
This technique is common across the waste management sector.

Reference literature
[ 9, UK EA 20011, [ 10, Babtie Group Ltd 20021, [ 11, WT TWG 2003 ], [ 18, WT TWG 2004
1, [ 19, WT TWG 2004 ], [29, PCT Subgroup 2015 ]

2.3.2.6 Output quality management for the waste treatment

Description

The set-up and implementation of an output quality management system, so as to ensure that the
output of the waste treatment is in line with the expectations, using for example existing EN
standards.

Technical description

This management system allows verification that the characteristics of the waste output are in
line with the expectations, which may be product specifications, contaminant removal efficiency
rate, etc.

The management system also helps monitor and optimise the performance of the waste
treatment and, for this purpose, it may include a material flow analysis of relevant components
throughout the waste treatment.

Material flow analysis for some contaminants in the waste will help identify the flow(s) and
fate(s) of these contaminants. This analysis can be helpful in choosing the most appropriate
forms of treatment for the waste either directly at the site or at any subsequent treatment site. It
considers the contaminant quantity in the waste input, in the different waste treatment outputs
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and in the waste treatment emissions. The aim of the material flow analysis and the subsequent
knowledge of the fate of the contaminants is to ensure that those contaminants are correctly
treated and either destroyed or removed.

Figure 2.22 below gives an illustration of the material flow analysis.

NB: M is the mass of the concerned contaminant.
Source: [21, WT TWG 2016 ]

Figure 2.22: Illustration of the material flow analysis

The use of a material flow analysis is risk-based considering, for example, the hazardous
properties of the waste, the risks posed by the waste in terms of process safety, occupational
safety and environmental impact as well as the knowledge of the previous waste holder(s).

Achieved environmental benefits
The control of the waste treatment output quality contributes to improve the environmental
performance of the waste treatment as a whole.

Environmental performance and operational data

Quality management systems already exist for some waste treatment outputs such as EN 15358
('Solid recovered fuels. Quality management systems. Particular requirements for their
application to the production of solid recovered fuels').

The expectations for the output quality may be reflected in specifications or in bilateral
agreements with the output receivers. There are numerous EN standards which relate to waste
treatment output quality or to waste treatment efficiency (in terms for instance of contaminant
removal rate): these EN standards are mentioned in Chapters 3 to 5 when relevant.

Cross-media effects
None expected.

Technical considerations related to applicability
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The implementation of an output quality management system is generally applicable.

Economics
No information provided.

Driving force for implementation
Quality of the waste treatment output.

Example plants

Plants from the reference list which operate an output quality management system are shown in

Table 2.6.

Table 2.6:

Plants from the reference list operating an output quality management system

Plant number

Main type of waste treatment performed by the
plants

21,73, 129, 260, 262, 328, 412, 413, 417, 418,
460, 518, 520, 521, 530, 537, 542, 543, 544,
546, 547, 548, 609, 622, 623, 635

Aerobic treatment of source-separated bio-waste

97,111, 131, 132, 261, 268, 319, 349, 377, 459,
485, 541

Anaerobic treatment of bio-waste

37, 257, 337, 338, 350

MBT

25, 55, 282C, 293C, 294C, 432

Mechanical treatment in shredders of metal waste

24,32, 122C, 219, 277, 278, 279, 442C, 443C,
493, 627

Mechanical treatment of waste with calorific value

222,223, 224, 225, 226, 228, 336, 340, 427,
495_496, 569, 613, 614

Immobilisation of solid and pasty waste

494

PCT of excavated contaminated soil

03, 04, 07, 192C, 368_369_370_371, 392, 393,
401_404, 423 _424

Treatment of water-based liquid waste

56, 168C

Regeneration of spent solvents

425_426, 469, 553

Physico-chemical treatment of waste with calorific
value

92, 235, 570, 610

Re-refining and other preparations for reuse of
waste oils

333C, 497, 498

Regeneration/recovery of pollution abatement
components / FGT residues

398

Blending/mixing

References

EURITS comment #24 in [ 21, WT TWG 2016 ]

2.3.2.7 Waste segregation

Description

Waste is segregated prior to treatment depending on its properties in order to enable easier and
environmentally safer storage and treatment. Waste segregation relies on the physical separation
of waste and on procedures that identify when and where wastes are stored, and when the
mixing of waste is allowed and how it is carried out.
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Technical description

Segregation ensures that wastes that are incompatible cannot come into contact with one
another. It also ensures that flammable wastes are stored apart from other wastes to prevent fire
spreading to them from other materials or from the flammable wastes to other materials.

Indeed, where a waste is put into the same container, tank or vessel as another waste or material,
this is considered to be mixing (see Section 2.3.2.7 for compatibility testing). A mixture of a
small amount of hazardous waste with a larger amount of non-hazardous waste creates a large
amount of material that must be treated as a hazardous waste. Generally, the dilution of
contaminants by mixing/blending of different wastes is avoided (see Section 2.1.4).

Some techniques and principles to consider for waste segregation are as follows:

a. Considering and, when appropriate, applying segregation when storing materials (see also
Section 2.3.13.2).

b. Having proper labelling of all lines, containers, and storage areas. This will greatly increase
the likelihood that plant personnel will follow any change in practices intended to enhance
segregation of wastes.

c. Keeping solid waste dry as a general principle. In some cases (e.g. anaerobic digestion with
wet digestion), it may be necessary to make waste liquid.

d. Keeping clean rainwater and clean cooling water separate from wastes (e.g. from waste
waters).

Achieved environmental benefits
The avoidance of incidents caused by accidental or intentional mixing of incompatible wastes.

Environmental performance and operational data

Table 2.7 presents an example of a compatibility chart and indicates that careful planning
is applied to the segregation of waste, e.g. during storage. For example, acids, minerals,
non-oxidising substances (number 1) can generate heat and violent polymerisation
reactions when mixed/blended with aldehydes (number 5).
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Table 2.7:  Example of a compatibility chart for the storage of hazardous waste
No g‘;’ﬂ;(’freau""w 102]3|4|5|6|7|8]|9|10]11|12]13|14|15|16]|17|18|19]|20]|21|22|23| 24 |25]|26|27|28|29|30]|31|32|33|34|101]|102|103|104]105|106|107
/Acids, minerals, non-
1 g 1
oxidising
2 Ac_ld's,_mlnerals, 2
oxidising
3 |Acids, organic GH| 3
4 |Alcohols, glycols H|HFHP| 4
5 |Aldehydes HP|HF[HP 5
. H
6 |Amides H GT 6
/Amines, aliphatic, H
! aromatic H GT H H !
8 Azocompoun;is,dlazo HG H Hel H 8
comp., hydrazines GT
H
9 [Carbamates HG GT HG| 9
10 |Caustics H|H]|H H HG| 10
. GT|GT|GT
11 |Cyanides GElcElcF G 11
H|{H[H GF
12 |Dithiocarbamates GF | GF | GF cT U |HG 12
F|F|GT
13 |[Esters H |HF HG H 13
14 |Ethers H |HF 14
15 |Fluorides, inorganic GT|GT|GT 15
16 Hydroc_arbons, HE 16
aromatic
. H|HF H H
17 [Halogenated organics GTloT GT HG GF H 17
HF HP
18 |Isocyanates HG GT HG[HP HP[HG G HG| U 18
19 |Ketones H |HF HG H| H 19
Mercaptans, other GT |HF
20 organic sulphides GF |GT HG H|H|H]20
2 Metals, alkali, alkaline | GF | GF | GF | GF | GF | GF | GF | GF | GF |GF| GF g.'lz_ GF HE GF | GF | GF 21
earth, elemental HF|HF(HF|HFIHF| H [ H | H | H|H| H | |H H|H|H
Metals, other elemental
' GF | GF EF GF GF GF
22 [and alloys as powders, HEIHE GF cT U H HE H HE 22
\vapours or sponges
Metals, other elemental
and alloys as sheets, GF | GF HF
23 rods, drops, moldings, |HF|[HF G HF 23
etc.
24 Metals and metal sl|s|s s | s s 24

compounds, toxic
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No g‘;’ﬂ; ofreactivity |\ 4 |\ 5 | 3|4 |5 |6 |7 |8 |9|10]11|12|13]14]15|16|17|18|19|20|21|22|23| 24 |25|26|27|28| 293031323334 |101]102]108 104105106107
o GF[HF| H |GF|GF GF | GF|GF GF GF | GF
25 |Nitrides HEl E lcElHEl H U HG| U HlHlH H U HlH E 25
H
26 |Nitrites GT HF U HP S GF 26
F GT H
. H H
27 Nitro _compounds, HF H HE GF GF 27
organic GT
E E
2g [Hydrocarbons, H|HF H HE 28
aliphatic, unsaturated
Hydrocarbons,
29 aliphatic, saturated HF 29
Peroxides and H
. H|HF|IHF HE|[HE HF HP
30 hydro_peromdes, HG|HE HFHG oT| E loT GT |Gt HE| H | E GT HE|PG HG |GF GT HP 30
organic E
31 [Phenols and cresols H[HF HG HP C:_:: ?_'F H |31
Organophosphates, HlH
32 |phosphoyhioates, GTleT U H E| H U 32
phosphodithioates
L . GT | HF H
33 [Sulphides, inorganic GElaT GT H E H GT 33
34 |Epoxides HP|{HP|HP|HP| U HP|HP HP{HP| U HP|{HP|HP HP [HP HP{HP| U |HP| 34
Combustible and H
101 [flammable materials, |H G HF HG GF HF 101
. GT F GT
misc. F
102 |[Explosives HE|HE|HE HE HE HE HEHEHE| E E HE|HE HE|HE|HE| 102
103 [olymerisable PH|PH|PH PH PH/PH| U PH|PH|PH|PH|PH PH|PH PH HE|103
compounds
Oxidising agents, H H HF|HF HG HF|HF H |HF HFHFIHF HF|HF HFHFIHF|HF HF
104 strong ot| lot|"F|"Fler|et|"EleT| |t |oT|MFIMF [MFleT|et|"FloT| E | E [MF E |eT|HEHFIHFIHGIHFIGrler| 6 | 6 | E|oT |1
. H GT
Reducing agents, H|HF|H GF|GF| H H GF | GF | GF H GF GF HPIHF
105s,trong GF |GT | GF (?:F HF| H |GF HG GTHF HE H|{H|H GFHE HE H ?_:: H H HE GF | E 105
\Water and mixtures GF |GF GF GT GF
106 containing water H|H G HG H|H S H GF GT 106
107 \Water-reactive Extremely reactive! 107
substances Do not mix with any chemical or waste material!
No 1234567 [8]9f1o]11]12]13]14]15[16[17]18[19] 20212223 24 [25] 2627|2829 30 [31]32]33]34[101]102][103]104[105]106]107
NB: Key: Reactivity code (capital letter): consequences of mixing/blending
H: Heat generation F: Fire G: Innocuous and non-flammable gas generation GT: Toxic gas generation
GF: Flammable gas generation E: Explosion  P: Violent polymerisation S: Solubilisation of toxic substances U: May be hazardous but unknown
Source:[ 31, LaGrega et al. 1994 ]
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Cross-media effects
None.

Technical considerations related to applicability
Technique (a) (see description above) is sometimes considered not applicable for safety reasons.

Economics

Some solid waste streams can be segregated effectively through minor changes in equipment.
Typically, the disposal of mixed waste will be more expensive than the treatment of a stream
composed of a single type of waste.

Driving force for implementation
Legislation. Directive 1999/31/EC on the Landfill of Waste and Directive 2008/98/EC on Waste
provide the EU legislation framework for the mixing and blending of waste.

Example plants
Segregation of waste oils in order to produce a material with a higher value than fuel oil is
common practice.

Reference literature

[ 8, LaGregaetal. 1994 1, [ 11, WT TWG 2003 ], [ 68, UBA Germany 2003 ], [ 13, Schmidt et
al. 2002 1, [ 17, Pretz et al. 2003 ], [ 18, WT TWG 2004 ], [ 19, WT TWG 2004 ],

[ 35, VROM 2004 1, [ 38, UBA Germany 2012 ]

2.3.2.8 Waste compatibility assessment

Description

Set of checks and tests to detect any unwanted and potentially dangerous chemical reactions
between wastes (polymerisation, gas evolution, exothermic reaction, decomposition,
crystallisation, precipitation, etc.) during mixing, blending or other treatment operations.

Technical description

Compatibility assessment can be done at pre-acceptance, acceptance and before any step in the
waste treatment process.

The compatibility assessment is adapted to each waste storage and treatment operation. For
example, it can consist of specific procedures for solid wastes, for long reaction times, for waste
in small packages, etc.

In order to prevent any adverse or unexpected reactions and releases before transfer involving
the following activities, testing takes place prior to the transfer:

tanker discharge to bulk storage;
tank-to-tank transfer;

transfer from container to bulk tank;
bulking into drums or IBCs;

bulking of solid waste into drums or skips.

A list of unacceptable waste is established based on the facility's permit and on whether the
waste poses specific risks to the installation or process such as, inter alia:

. risk of explosion (e.g. presence of ammunition, mixing processes that could lead to
explosion);
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. corrosion to the installation (e.g. strong acids);

. risk of uncontrolled reactions (e.g. presence of peroxides or strong oxidants, or
polymerising components such as certain isocyanates);

. risk of the evolution of gases (e.g. presence of cyanides, sulphides, dissolved gas).

The above list is very specific for the treatment operation and final treatment and requires the
waste operators to establish it on a case-by-case basis for their specific operation.

The type of compatibility test varies according to the type of waste and the waste treatment
operation (for example unloading, grouping, homogenisation).

The main principle is to mix a first waste sample with a sample of a second waste with which it
will be mixed. The compatibility test is done in a laboratory and is performed under the same
adiabatic conditions as the full-scale mixing. The test considers the following elements:

. temperature increase, exothermic reaction;

. physical aspect/behaviour of the mixing (e.g. several phases or not, emulsions);

. potential precipitation, crystallisation, polymerisation and other chemical reactions;
. gas emission.

The time of the test varies, for example from 15 minutes to 24 hours, according to the type of
waste.

In order to better characterise the reactivity of the waste, additional tests could be needed such
as oxidant and reduction tests, pH determination, release test. The rejection criteria of the
compatibility tests may be unique or combined and are defined according to the type of waste
and waste treatment process, and can be temperature modifications (for example, an increase of
3 °C upon mixing indicates incompatible wastes), mixing aspects (if polymerisation occurs the
wastes are not compatible for mixing), etc.

Any evolved gases and causes of odour are identified. If any adverse reaction is observed, an
alternative discharge or disposal route is found.

The compatibility tests are risk-based considering, for example, the hazardous properties of the
waste, the risks posed by the waste in terms of process safety, occupational safety and
environmental impact as well as the knowledge of the previous waste holder(s).

Achieved environmental benefits
Prevention of adverse or unexpected reactions and releases before transfer to storage tanks,
mixing/blending or other treatments.

Environmental performance and operational data

To ensure the occupational safety of the test, a risk assessment is carried out prior to the test and
integrated into the test procedure. Operators executing a compatibility test are equipped with
personal protective equipment, such as safety goggles, gloves, protective clothing. The
compatibility tests are carried out under a fume hood in operation.

The laboratory is fitted out with equipment (e.g. turbo-agitators used only briefly for mixing,
slow agitators for floc formation), which roughly simulates the plant conditions.

Cross-media effects
None.

Technical considerations relevant to applicability
Generally applicable to the waste treatment sector.
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Economics
No information provided.

Driving force for implementation
To avoid incidents due to the mixing of incompatible wastes.

Example plants
This technique is commonly used across the waste management sector.

Reference literature

[ 67, UK Environment Agency 1996 ], [ 8, LaGrega et al. 19941, [ 9, UK EA 2001 ], [ 11, WT
TWG 2003 ], [ 14, Eucopro 2003 ], [ 18, WT TWG 2004 ], [ 19, WT TWG 2004 ], [ 29, PCT
Subgroup 2015 ]

2.3.29 Waste sorting

Description

Sorting technigues for the preparation of the waste input before treatment (pre-sorting). Sorting
of incoming solid waste aims to prevent unwanted material from entering the subsequent waste
treatment process.

Technical description
Sorting is a common process step in waste treatment activities, which is performed, among
other reasons, for:

. ensuring that the waste input is able to be treated in the subsequent waste treatment
process;

° improving the waste treatment process recovery rate;

° ensuring the adequacy of the output for its further use.

Two different sorting strategies exist: positive and negative sorting:

a. Positive sorting means that only the desired materials (e.g. with high calorific values and
low contents of harmful substances) are sorted out of the material flow. This strategy leads
to a higher amount of landfill material and often to a higher quality of the output such as
solid waste fuel.

b. Negative sorting strategies only separate the materials which are not desired in the output
(e.g. if it is required to reduce the content of chlorine in the waste stream because it may
cause problems when the waste stream is incinerated or co-incinerated, one possibility may
be to reduce the content of PVC plastic in the waste stream). With this strategy, the amount
of landfill material might be less because other materials which might have a higher content
of harmful substances end up in the output.

Sorting may be performed manually or automatically.

Manual separation

Manual separation employs visual examination of the waste material by staff on a picking line
or on the floor to either selectively remove a target material from a general waste stream or to
remove contamination from an output stream to increase purity. This technique generally targets
recyclables (glass, plastic, etc.) and any contaminants, hazardous materials and oversize
materials such as WEEE. Removed materials will be deposited into chutes or further conveyors
that then transfer materials to storage bays.

A permanent working place for manual separation is within a covered cabin isolated from the
rest of the treatment hall and equipped with a local exhaust ventilation system, to limit staff
exposure to dust, vehicle movements and vibration. A consistent material feed rate is preferable
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to prevent surges in material and allows for a more efficient manual sorting rate. The following
aspects are considered for optimisation of manual sorting operations:

. throughput (tonnes/hour);

. depth of material on conveyors (m*/hour);

. height and width of manual sorting conveyor belts (mm);
. position of chutes and guardrails.

[ 69, UK EA 20131, [ 70, Amlinger et al. 2009 ]

Automatic separation

The material passes a vibrating chute which feeds a conveyor belt. A metal detector is located
under the conveyor belt, which sends specific data for each material to the computer unit.
Additionally, a colour camera located above the conveyor belt sends information to the
computer unit. Both information lines are analysed by special software, before the computer
unit transmits impulses, instructing the nozzles to blow out the single particle or to allow it to
pass (positive or negative sorting). Both the accepted and the rejected products are then
transported by single belts to further treatment or storage.

With a belt width of 1200 mm and depending on the feed material, it is possible to handle a
throughput of 2-8 t/h, for a grain size of 3-250 mm.

Table 2.8 shows examples of the sorting techniques which are described in this section.

Table 2.8:  Examples of sorting techniques

Magnetic separation of ferrous metals
Electromagnetic separation of non-
ferrous metals

All-metal separators

Metals separation

Optical sorting
X-ray separation

Aiir classification
Ballistic separation
Sink-float tanks
Vibration tables

Density separation

Size separation

Metals separation

Magnetic separation of ferrous metals

Magnetic separation is a common process step in a WT installation. Magnetic separators can be
used to extract iron and steel as a resource, €.g. extracting tin cans from lightweight packaging.
It can also be used to provide the essential service of removing any ferrous metals from the
waste, thereby avoiding downstream operating troubles and improving the product quality, e.g.
magnetic separators are used in cable recycling processes to remove the metals, to protect the
knives of rotary cutters from blunting or snapping and for the subsequent cleaning of the copper
product.

Magnetic separation can also be used on feedstock where ferrous metals need to be negatively
sorted as a contaminant, for example organic material.
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Magnetic separators are used when ferrous metal is present in the waste. Due to the fact that
stainless steel is not, or is only slightly, magnetisable, magnetic separators cannot usually
extract stainless steel.

Overband magnetic separator

The mixed feedstock will be presented via conveyor with the magnet array typically positioned
over the conveyor line. Ferrous metals will be attracted to the magnet and positively sorted from
the feedstock. A conveyor belt positioned around the magnets can be used to transfer the ferrous
metals to a dedicated container. Non-magnetic material will continue along the conveyor and
fall onto a further in-line conveyor or be deposited into a dedicated receptacle.

In order to utilise the entire magnet, the feed conveyor is located directly under the magnet. The
rate of extraction is used as an indicator to determine the optimal speed of the conveyor for
achieving the highest efficiency in terms of the ferrous metal recovery percentage. By sorting,
for example, municipal solid waste (MSW) with a certain content of plastics with a large surface
area, overband magnetic separators will inevitably extract these plastics together with the
ferrous items. Increasing the belt velocity is recommended to minimise this discharge.
Generally, overband magnetic separators give very good results, up to 98 w/w-% iron output.
The following aspects are important for the optimisation of the magnetic separation:

. location of the separator at optimum distance dependent on the density and speed of the
feedstock;

. magnet and belt width;

. magnet and belt length;

. magnetic field depth; and
. drive motor size.

An example of an overband magnetic separator is shown in Figure 2.23 below.

Source: [ 69, UK EA 2013 ]

Figure 2.23: Overband magnetic separator schematic
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Magnetic drum
Material is fed into a magnetic drum separator either via an overfed layout or an underfed

layout. In an overfed layout, the material is charged onto the drum, right before the crest, using
a vibrating chute. In this case, only magnetisable items are held on the drum shell until they
reach the limit of the magnetic field, at which point the material falls off the drum and is
collected behind a non-magnetisable separating plate.

In an underfed layout, the drum shell attracts ferrous metals through the air gap and drops them
similarly to an overband magnetic separator — but not before leaving the magnetic field. For
homogeneous feeding, the use of vibrating chutes is indispensable.

Installation in line (lengthwise) to the belt is preferred since it aids effective separation of the
loosened material out of the trajectory. If the magnet is aligned transversally to the material (i.e.
suspended across the conveyor belt), the power of the magnet must be several times higher than
in a lengthwise alignment, since sometimes non-magnetic objects are situated on top of ferrous
items, which the magnet then has to work through.

The advantage of the overfed layout in magnetic drum separators is that ferrous parts are
directly placed in contact with the strongest magnetic field and, as a consequence, fine-grained
and slightly magnetisable items can be easily separated.

Normally in waste processing, the underfed operation is only relevant for special applications,
e.g. shredder scrap processing. The approach pole of this drum causes a strong and far-reaching
magnetic field to securely extract the shredded and compacted scrap. The transport of the
ferrous material to the dropping line will be achieved by additional weak poles. Because of the
strong abrasion during scrap sorting, the drum shell is manufactured with an 8 mm thick plate
made of hard manganese steel.

The efficiency of magnetic separation of ferrous metals can be increased by:

a. installing an overband magnetic separator lengthwise over the conveyor belts right above
the trajectory of the material;

b. re-sorting the material with a magnetic drum separator or with a magnetic pulley, since
small ferrous particles could still remain under a non-magnetic layer;

C. increasing the conveyor belt’s velocity, to achieve a low level of unwanted material;

d. using the overfed feed design for the magnetic drum separator.

Electromagnetic separation of non-ferrous metals

Non-ferrous metals are sorted out by means of eddy current separators. An eddy current is
induced by a series of rare earth magnetic or ceramic rotors at the head of a conveyor that spins
at high speed independently of the conveyor. This process induces temporary magnetic forces in
non-magnetic metals of the same polarity as the rotor, causing the metals to be repelled away
and then separated from the other feedstock.

The separator is fed with a mixed waste stream, containing non-ferrous metals such as
aluminium die-cast metals, copper. As these separators can sort out non-ferrous particles with a
grain size between 3 mm and 150 mm, a pre-screening step might be advantageous to increase
the separation of non-ferrous metals from the waste.

The magnetic pole system is positioned either eccentrically or centrically. Central pole systems
experience problems with small iron particles, which can find a way between the conveyor belt
and the drum shell. These particles are attracted along the whole perimeter of the drum, become
hot and can lead to damage of the plastic drum. Additionally, the position of the magnetic pole
system in eccentric systems is variable, so that the strongest field can be directed to the rejection
zone. Figure 2.24 below shows an example of an eddy current separator.
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Source: [ 69, UK EA 2013 ]

Figure 2.24: Eddy current separator schematic

Techniques for improving the separation include:

a. conditioning the grain size of the non-ferrous elements of the waste to be between 3 mm
and 150 mm before their separation by an eddy current separator;

b. using a high-frequency alternating magnetic field in order to improve the separation of fine-
grained non-ferrous metals;

c. positioning the magnetic pole system eccentrically;

using vibrating chutes to achieve a single grain layer, in order to give good sorting results;

e. separating the fine-grained ferrous particles with a magnetic drum in an overfed layout
before feeding the eddy current.

.Q—

It is difficult to separate longish and planar components, such as aluminium foil and copper
wires, because of the weak eddy current in these materials.

All-metal separators

All-metal separators are applied for the automatic separation of ferrous and non-ferrous metals,
mainly for plastics processing. High throughputs can be realised if the material is diversified
before auto-recognition.

These devices are used if the content of metal in the feed material is low, when other metal
separation operations do not work efficiently enough because of very high demands on the
product qualities, or when downstream equipment (e.g. rotary cutters) has to be protected.

Detection coils are able to detect metal particle sizes of approximately 1 mm and larger. The
shape and the mass are not important for the separation process.

Usually, all-metal separators operate with a detection coil which is placed at right angles to the
direction of transport and cut into single segments. If a metal particle enters the high-frequency
alternating magnetic field of the coil, it influences the field. This change is detected by an
electronically controlled microprocessor which is able to identify the coil segment close to the
metal particle. This particle is separated by one or more air jets located close to the detection
coils. The metals are separated by a partition plate.
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Optical sorting systems using near infrared spectroscopy

Optical sorting systems are used to separate components according to colour.

Material which has to be separated is often fed on a belt conveyor. The conveyor usually
operates at fast velocities so that its function is almost like an isolating device. Halogen lamps
and the detector are installed above the belt conveyor. The detector consists of a near infrared
spectroscopy (NIRS) sensor which scans the whole width of the conveyor belt and transmits the
characteristic spectra of the different materials to a data processor. The signals are compared
with a database. The analysis considers the calculation of the actual position on the conveyor
belt and the measurement results in only a split second. The sorting then occurs with an air jet
batten in front of the discharge end. The air jet lifter is equipped with several single air jets at a
distance of about 30 mm apart. Each air jet is fed by a pressure reservoir and is steered by
magnetic valves. The data processor transmits a signal if the detection of a material is positive
and the air jet blows it out. Here one or more air jets can be activated. The pressure surge blows
out the particle which is then separated from the material flow by a partition plate.

Figure 2.25 below gives an example of an optical separator.

Source: [ 69, UK EA 2013 ]

Figure 2.25: Optical separator

The process leads to the separation of the waste input constituents, e.g. selective separation of
beverage cartons, paper, cardboard, mixed plastics such as polyethylene (PE), polypropylene
(PP), polystyrene (PS), polyethylene terephthalate (PET) and polyvinyl chloride (PVC).
Reduction of the heavy metal content (e.g. Sb, Cd, Pb) and chlorine content of the waste stream
may also occur because specific waste containing these components may be separated.

This technique is applied, for example, to reduce the content of some compounds in the waste
fuel in order to achieve the quality required in the waste fuel produced.

Auto-recognition devices can sort particle sizes between approximately 30 mm and 300 mm.
The operation width of the conveyor belts varies between 500 mm and 1400 mm. The
throughput of pre-classified light packaging with particle sizes between 50 mm and 200 mm
amounts to between 1 t/h and 6 t/h.
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In practice, the recovery of potential recyclables with NIRS can reach 80-90 %, and 85-95 %
with two NIRS sensors in line.

Nevertheless, the separation of dark brown and black materials is impossible since the NIRS
light is almost completely absorbed and hence no irradiation is reflected to the sensor.

The application of this technique generates a waste stream with a higher content of chlorine and
metals that needs to be treated.

X-ray systems

Material composites are sorted according to various material densities, halogen components or
organic components with the aid of X-rays. Sorting can be according to light and heavy metals
or plastics. The characteristics of the different materials are transmitted to a data processor
which controls an air jet for ejecting the materials that have been detected.

Density or centrifugal separation

Air classification

Air classification (or air separation, or aeraulic separation) is a process of approximate sizing of
dry mixtures of different particle sizes into groups or grades at cutpoints ranging from 10 mesh
to sub-mesh sizes. Air classifiers (also called windsifters) complement screens in applications
requiring cutpoints below commercial screen sizes and supplement sieves and screens for
coarser cuts where the special advantages of air classification warrant it.

[ 71, Fisher-Klosterman 2015 ]

The interior space of a classifying device, where solid particles interact with an air stream, is the
separation zone. Four basic separation zones are known, which include gravitational-
counterflow, gravitational-crossflow, centrifugal-counterflow and centrifugal-crossflow.

[ 72, Shapiro et al. 2005 ]. Figure 2.26 shows the principle of air classification.

NB: The air is either released to atmosphere (1) to form an 'open air system' or recirculated (2) to form a ‘closed air
system'. Sometimes the fines and air mixture go to another process (3) such as another classifier or a directly fired
pulverised coal burner, etc.

Source: [ 71, Fisher-Klosterman 2015 ]

Figure 2.26: Principle of air classification

The air velocity for dry papers, thin-walled plastics and plastic films for example is
approximately 11-12 m/s. The minimum recovery of this highly calorific lightweight material is
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approximately 70 %. The throughput rate of air classifiers is limited by the specific load, with a
maximum capacity of 0.35 kg solids/(m? air - h).

Air that has been used for air classifiers and blowdown is reused: approximately 30 % of the air
of the circular flow is discharged on the pressure side of the ventilator and cleaned by a dust
filter.

This operation offers the following advantages:

o the filter to separate the dust can be designed much smaller, since the air to be cleaned is
less than a third of the volume of that of the conventional operation;

e no air loaded with dust is discharged at the loopholes for the feeding conveyor or the
heavyweight discharge;

o the air velocity at the separation zone can be precisely adjusted by butterfly valves.

Sink-float tanks

This method uses the different material densities to separate two solids. A tank is filled with a
medium (for example water) and the materials to be separated: the solid denser than the medium
sinks whereas the solid less dense than the medium floats.

Ballistic separation

The ballistic separator, or ballistic sieve, is composed of a series of parallel paddles, with orbital
motion, arranged with a variable angle. The multiple paddles submit the incoming waste to a
strong shaking. The materials fed into the ballistic separator, having different physical
characteristics (weight, shape, surface, etc.), assume different trajectories following the orbital
movement of the paddles. Lightweight and flat materials are thus conveyed towards the top of
the ballistic separator, while the heavy and rolling materials are conveyed towards the bottom.
Along the way, thanks to the continuous shaking of the material, the powders and the fine
fraction are screened through the perforated surface of the paddles.

This separation technique therefore generates three fractions: the screened fraction, the light
fraction and the heavy fraction.
[ 73, Parini 2015 ]

Vibration tables

Vibration tables are also known as gravity separators or density separators. The principle of
separation is the motion of particles moving according to density and size in a slurry (in the case
of wet tables, or wet density separators) across an inclined table, which oscillates backwards and
forwards essentially at right angles to the slope, in conjunction with riffles which hold back the
particles which are closest to the deck. This motion and configuration causes the fine high-
density particles to migrate closest to the deck and be carried along by the riffles to be
discharged at the highest point of the table, while the low-density coarser particles move or
remain closer to the surface of the slurry and ride over the riffles, and are discharged over the
lowest edge of the table.

In the case of air tables, the feed and separation are dry (dry density separation), with the
moving bed of particles being fluidised by low-pressure air being blown through a canvas deck,
which together with the deck slope, absence of riffles and the oscillating motion of the table,
causes fine low-density particles to move to the top of the bed and coarser high-density particles
to move closest to the deck, the latter being discharged off the lowest part of the table.

[ 74, Falconer 2003 ]

A combination of vibration and air sorting technology can also be applied. In this case, the
heavy fractions are conveyed upwards by the vibration and discharged at the upper end of the
separation table. Lighter components are suspended by the air introduced through the screen and
float downwards to the other end of the system (see Figure 2.27).

[ 75, Umweltbundesamt (AT) 2015 ]
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Source: [ 75, Umweltbundesamt (AT) 2015 ]

Figure 2.27: Basic principle of the separation table, based on a combination of vibration and air
technology

Size separation
Screening or sieving can be carried out by drum screens, linear and circular oscillating screens,

flip-flop screens, flat screens, tumbler screens and moving grates. A very important processing
step within classification is the screening step before and after grinding. Screens are applied to
allow mass and volume division by particle size. It is noticeable that in small particle size
mixtures the content of hazardous substances accumulates compared to the amount found in the
screen overflow. A classification with sieves is applied in waste treatment processing when:

. materials from an upstream process need to undergo some kind of conversion to make
them suitable for further processing steps, i.e. separation into defined size fractions;

. the separation of coarse or fine particle sizes is required,;

. a comminution material has a high content of particles of the final particle size and only
oversized particles are reduced in size again;

. certain materials need to be concentrated; in this case, the processing is called sorting
classification (this also includes separation of the small size fractions, which often contain
a high content of heavy metal substances).

a. Avoiding overload of the sieving equipment (either optically by monitoring the equipment
controls or automatically by blocking the filler pump by means of the storage container’s
level indicator).

b. Correctly cleaning the filter apertures as required (optical, empirical). Some good cleaning
measures include applying rapid cleaning and steam or high-pressure water jetting.

c. Ensuring that there is an unimpaired discharge of filter underflow and overflow at all times
(through use of optical, filler pump shut-off mechanisms or other controls).
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The advantages of sieves are their simple, robust construction, their low maintenance needs and
the fact that they are user-friendly, and offer good reliability. The disadvantages are generally
caused by the wastes themselves, e.g. clogging of the filter apertures can occur as a result of the
degree of viscosity of liquid waste, which then impedes separation.

Figure 2.28 shows two operating modes of the drum screens.

Source: [ 17, Pretz etal. 2003 ], [ 18, WT TWG 2004 ]

Figure 2.28: Drum screens

The drum screen shows the best results at a rotational speed of 70 % of the critical speed in the
cataract mode. The disadvantage of the cascade mode is that the screen will create lumps and
fines will not be well liberated.

To increase the efficiency, lifters are fixed inside the screen or polygon-shaped drums are used
to pick up the material and to carry it higher, so that the material falls down onto a free area.
Feeding material with a high content of coarse particles (approximately 100-250 mm) often
causes problems with blocking of the screen, which then leads to a decrease in efficiency and a
high content of fine particles in the overflow.

Advantages of drum screens are:

. the operation does not need vibrations;
. greater homogenisation is possible; and

. the cleaning of surfaces of adhesive small particles, which often contain a high content of
heavy metal substances, is possible.

Trommel screens are used (e.g. as an initial screening stage in MBT) to separate coarsely
separated feedstock material into two or more fractions based on size. They will typically
separate a fraction with a particle size of 50-100 mm (undersize fraction) in diameter from
larger materials > 100 mm (oversize fraction).

The input material is fed into a cylindrical rotating drum, where the material is lifted by the
action of the drum and falls onto free areas of the drum (see Figure 2.29). The drum will be
fitted with specifically sized apertures that will enable targeted particle size material to fall
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through onto an in-line conveyor. Oversize material unable to pass through the apertures such as
plastic bottles will move forward through the trommel and be ejected from the back of the
screen onto a separate in-line conveyor. The trommel may be inclined to aid movement of
material through the screen and prevent backflow of material out of the entrance.

Source: [ 69, UK EA 2013 ]
Figure 2.29: Trommel screen

The trommel may also be fitted with a variable speed drive which provides the benefit that the
operator can adjust the speed depending on the density and type of feedstock passing through
the screen. Trommels can also be designed with multiple sized apertures occurring in stages,
which enable the targeting of more than one fraction to be separated along the length of the
trommel starting with the smallest size at the beginning of the screening stage.

Some aspects for optimisation of trommel design and positioning for screening operations are:

. capacity (tonnes/hour);

o diameter of drum;

. length of trommel;

. speed of rotation;

. angle of drum (from horizontal plane);

. position of flights within drum (to assist material carriage).

Achieved environmental benefits

. Reduction of the risk of incidents/accidents and prevention of the correlated uncontrolled
emissions.
. Improvement of the waste treatment efficiency.

Environmental performance and operational data
Some operational data are given under ‘technical description'.
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Cross-media effects

None.

Technical considerations relevant to applicability
Not all sorting techniques are adapted to all types of incoming waste. Manual sorting may be
restricted by occupational safety considerations.

Economics

No information provided.

Driving force for implementation
Increase in material recovery rate.

Example plants

Sorting technologies used in waste treatment plants from the reference list are given in Table 2.9

below.

Table 2.9:

Examples of sorting techniques used in waste treatment plants from the reference list

Type of sorting

Plant number

Main type of waste treatment
performed by the plants

Manual sorting

261, 623, 635 Aerobic treatment of excavated soil
251, 459, 502 Aerobic tregtment of source-
separated bio-waste
482483 Immobilisation of solid and pasty

waste

244, 257, 434, 452, 453, 454, 573

MBT

25, 26, 27, 29, 30, 54, 95C, 100, 137,
282C, 285C, 286C, 288C, 289C, 290C,
291C, 293C, 294C, 316, 364_365, 432,

455, 456, 464, 478, 516, 571

Mechanical treatment in shredders of
metal waste

629, 630, 636

Treatment of WEEE containing
VFCs and/or VHCs

116, 133, 312, 326C, 361_363, 632

Mechanical treatment of waste with
calorific value

Ferromagnetic
separation

354 360 PCT of excavated contaminated soil
Treatment of water-based liquid
449
waste
299 Repackaging of hazardous waste
Temporary storage of hazardous
200
waste
481 Aeraobic treatment of excavated soil

21, 62, 125, 260, 261, 262, 406_407,
410 411, 412, 413, 414, 460, 531

Aerobic treatment of source-
separated bio-waste

20, 132, 251, 255, 259, 268, 382, 459

Anaerobic treatment of bio-waste

450

Blending/mixing

336, 340, 425_426

Immobilisation of solid and pasty
waste

17,19, 37, 89, 127, 239, 243, 244, 257,
266, 279, 337, 434, 452, 453, 454, 5109,
566, 573, 594, 628

MBT

25, 26, 27, 28, 29, 30, 54, 95C, 100,
136, 137, 282C, 285C, 286C, 288C,
289C, 290C, 291C, 293C, 294C,
364_365, 432, 441, 455, 456, 464, 478,
588, 590

Mechanical treatment in shredders of
metal waste

470, 629, 630, 636

Treatment of WEEE containing
VFCs and/or VHCs
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24,31, 32, 34, 35, 115, 122C, 133, 219,
269, 270, 273, 277, 278, 280C, 312,
325C, 326C, 361_363, 442C, 443C,

472, 493, 574, 615, 627, 632, 633

Mechanical treatment of waste with
calorific value

354 360, 489 PCT of excavated contaminated soil
401 404 Treatment of water-based liquid
- waste

Recovery of components from

506
catalysts

311 Repackaging of hazardous waste

589 Treatment of waste containing

mercury

19, 37, 127, 243, 244, 257, 266, 279,
337,434, 452, 453, 454, 519, 566, 573,
594, 628

MBT

25, 26, 28, 29, 30, 54, 95C, 100, 136,
282C, 288C, 289C, 290C, 291C, 293C,
294C, 364_365, 432, 441, 455, 456,

Mechanical treatment in shredders of
metal waste

Eddy current 464, 478, 516, 571, 588, 590
separation Treatment of WEEE containing
470,629,630 VFCs and/or VHCs
24,31, 35, 115, 122C, 269, 270, 273, Mechanical treatment of waste with
277,278, 280C, 312, 361_363, 493, o
627 - calorific value
354 360 PCT of excavated contaminated soil
311 Repackaging of hazardous waste
459 Anaerobic treatment of bio-waste
Immobilisation of solid and pasty
. 340
Induction all- waste
metal separation 17 MBT

29, 30, 95C, 137, 455, 456, 464, 571

Mechanical treatment in shredders of
metal waste

Electrostatic

Mechanical treatment in shredders of

Separation 464 metal waste
Aerobic  treatment of  source-
261 .
separated bio-waste
266, 267, 279, 337, 452, 594 MBT
Near-Infrared - -
. Mechanical treatment in shredders of
Separation 464,571
metal waste
32,122C, 270, 278, 280C, 615, 632, Mechanical treatment of waste with
633 calorific value
Mechanical treatment in shredders of
441
X-rav sortin metal waste
y 9 Mechanical treatment of waste with
24, 280C .
calorific value
453, 519, 566, 573 MBT
Optical separation 30, 441, 464 Mechanical treatment in shredders of
metal waste
other than NIS - -
280C Mechanical treatment of waste with

calorific value

62, 110, 125, 406_407, 410_411, 412,
413, 418, 419, 460, 518, 520, 521, 531,
608, 623

Aerobic  treatment  of
separated bio-waste

source-

255, 256, 268, 459

Anaerobic treatment of bio-waste

Windsifter / 17, 37, 239, 243, 244, 257, 279, 337, MBT
air/aeraulic 519, 566, 628
separation 25, 27, 29, 30, 54, 136, 282C, 285C, . .

286C, 288C, 289C, 290C, 291C, 293C, Ir\nA:t(;m;Z?é treatment in shredders of

294C, 364 365, 441, 455, 470, 478
Treatment of WEEE containing
470, 630, 636 VFCs and/or VHCs
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24,32, 34, 35, 133, 270, 273, 277,
280C, 312, 326C, 361_363, 443C, 493,
615, 627, 632, 633

Mechanical treatment of waste with
calorific value

354 360 PCT of excavated contaminated soil
401 404 Treatment of water-based liquid
- waste
311 Repackaging of hazardous waste
20, 459, 526, 529 Anaerobic treatment of bio-waste
Sink-float 37, 244,628 MBT
separation 630 Treatment of WEEE containing
VFCs and/or VHCs
62, 125, 406_407, 410_411, 412, 413 | /\erobic  treatment — of  source-
separated bio-waste
127, 130, 244, 452, 453, 628 MBT
. Mechanical treatment of waste with
sBe{?)Ir:?:'gon 442C, 574, 632 calorific value
401_404 Treatment of water-based liquid
waste
589 Treatment of waste containing
mercury
382, 459, 534 Anaerobic treatment of bio-waste
Immobilisation of solid and pasty
336
waste
415 MBT
. Treatment of WEEE containing
Seer;srlgion (wet) 630 VFCs and/or VHCs
P 24 Mechanical treatment of waste with
calorific value
354 360 PCT of excavated contaminated soil
421 422, 423 424, 449 Treatment of water-based liquid
- - waste
460, 518, 520 Aerobic _treatment of  source-
separated bio-waste
243, 244,519 MBT
Density 20, 441, 464 m:tc;t;a:;;c:é treatment in shredders of
separation (dry) 630 Treatment of WEEE containing
VFCs and/or VHCs
280C Mech_a_nlcal treatment of waste with
calorific value
105, 129, 625 Aerobic treatment of excavated soil

Screening

21,62, 69, 73, 74, 104, 110, 114, 124,

125, 126, 260, 261, 262, 331, 406_407,

410 411, 412, 413, 414, 416, 417, 418,

419, 460, 518, 520, 521, 525, 530, 531,

537, 542, 543, 546, 547, 548, 572, 621,
622, 623, 631

Aerobic  treatment  of
separated bio-waste

source-

20, 111, 132, 255, 256, 259, 265, 268,
377,382, 459, 592

Anaerobic treatment of bio-waste

450

Blending/mixing

15, 336, 340

Immobilisation of solid and pasty
waste

17, 37, 89, 127, 130, 239, 243, 244,
257, 266, 267, 337, 349, 350, 415, 434,
452, 453, 454, 519, 566, 573, 628

MBT

25, 26, 28, 29, 30, 54, 95C, 100, 282C,
285C, 286C, 293C, 294C, 364_365,
432, 455, 456, 464, 478, 516

Mechanical treatment in shredders of
metal waste

629

Treatment of WEEE
VFCs and/or VHCs

containing
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24,31, 34, 35, 116, 122C, 133, 219,

269, 270, 273, 280C, 325C, 326C, Mechanical treatment of waste with
361 363, 443C, 493, 574, 615, 627, calorific value
632, 633
14, 353 359, 354 360 PCT of excavated contaminated soil
401 404, 421 422, 423 424 Treatment of water-based liquid
- - - waste
Physico-chemical treatment of waste
469 . o
with calorific value
Temporary storage of hazardous
366
waste
589 Treatment of waste containing
mercury

Reference literature

[ 17, Pretz et al. 2003 ], [ 18, WT TWG 2004 ], [ 51, WT TWG 2005 ], [ 69, UK EA 2013 1], [
13, Schmidt et al. 2002 1, [ 71, Fisher-Klosterman 2015 ], [ 72, Shapiro et al. 2005 ], [ 74,
Falconer 2003 ], [ 73, Parini 2015 ]

2.3.3 Monitoring
2.3.3.1 Overview

Real data are required on the precise effects of the activities of the industrial site on the
environment. It is thus necessary to conduct a planned, regular sampling and monitoring
programme. The parameters monitored include:

. point sources channelled, diffuse and fugitive emissions to the atmosphere, water or
sewer;

o wastes, particularly hazardous wastes;

. contamination of land, water and air;

. use of water, fuels, energy, oxygen, nitrogen and other gases (e.g. argon);
o discharge of thermal energy, noise, odour and dust;

. effects on specific parts of the environment and ecosystems;

o on-site accidents and near misses;

. staff injuries;

. transport accidents;

. complaints from community residents.

Monitoring, however, is not restricted to analytical measuring. It also includes regular
maintenance, and visual and safety checks.

Parallel to this document, a Reference Report on Monitoring of Emissions to Air and Water
from IED installations (ROM) exists to which the reader is referred for further information.
2.3.3.2 Monitoring of influent and effluent waste water

Description

For relevant emissions to water, monitoring of key process parameters at key locations of a
waste water treatment facility.
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Technical description

Proper operation of a waste water treatment facility requires the monitoring and targeted
adjustment of various process parameters in the influent and effluent of the facility. Monitoring
of the relevant parameters can be accomplished by online measurements (that facilitate rapid
intervention and control) or analytical results derived from waste water samples. Parameters to
be monitored and the frequency of monitoring depend on the characteristics of the waste water
to be treated, the final effluent discharge medium and the waste water treatment techniques used
within the facility, based on an inventory of waste water streams. They may include, for
instance, the waste water flow, pH, temperature, conductivity or BOD.

The monitoring is carried out at key locations, e.g. at the point where the emission leaves the
installation and/or at the inlet and/or outlet to pretreatment and at the inlet to final treatment.
Important parameters are monitored at the level of each waste water treatment technique
comprising the facility to ensure the proper operation of the techniques and the subsequent
treatment steps.

Achieved environmental benefits

Monitoring the influent and effluent waste water of a waste water treatment facility helps to
maintain the proper operation of the facility and to detect accidental releases and thus helps to
prevent any possible adverse environmental effects upon discharge of waste waters.

Environmental performance and operational data
No information provided.

Cross-media effects
Some equipment, chemicals and energy are required for carrying out monitoring. The COD
measurement relies on the use of very toxic compounds (i.e. mercury and chromate).

Technical considerations relevant to applicability
The technique is generally applicable.

Economics
The costs associated with monitoring the influent and effluent waste water of a WWTP relate to
personnel and equipment used for sampling and measurement.

Driving force for implementation
To ensure the proper operation of the WWTP and to ensure that the required quality of the
effluent waste water from the WWTP is met and in line with the effluent discharge criteria.

Example plants
Monitoring of influent and effluent in a waste water treatment facility is applied in a number of
installations throughout the EU.

Reference literature
[ 45, COM 2016 ]
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2.3.3.3 Monitoring of emissions to water

Description
Proper operation of a waste treatment plant requires the monitoring and targeted adjustment of
various process parameters in the effluent of the waste treatment plant.

Technical description

Monitoring of the relevant parameters can be accomplished by online measurements (that
facilitate rapid intervention and control) or analytical results derived from waste water samples.
Parameters to be monitored and the frequency of monitoring depend on the characteristics of the
waste water, which are connected inter alia to the type of waste treatment, to the type of wastes
treated in the installation, and to the final effluent discharge medium.

Figure 2.30 summarises the information collected from the questionnaires on parameters
monitored in different types of waste treatment plants.

Figure 2.30: Parameters monitored in emissions to water by type of waste treatment

The monitoring of emissions is carried out in accordance with EN standards or, if EN standards
are not available, ISO, national or other international standards which ensure the provision of
data of an equivalent scientific quality.

Achieved environmental benefits

Monitoring the waste water of a waste treatment plant helps to maintain the proper operation of
the waste treatment plant and to detect accidental releases and thus helps to prevent any possible
adverse environmental effects upon discharge of waste waters.

Environmental performance and operational data
This information is detailed later in this document for each type of waste treatment in the
dedicated chapters (Chapters 3 to 5).
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Cross-media effects

Some equipment, ancillary materials and energy are required for carrying out monitoring. The
COD measurement relies on the use of very toxic compounds (i.e. mercury and chromate).
Technical considerations related to applicability

Generally applicable to all waste treatment plants where there are emissions to water.

Economics
The costs associated with monitoring the effluent waste water of a waste treatment plant relate
to personnel and equipment used for sampling and measurement.

Driving force for implementation
Legislation on water pollution.

Example plants
See examples in Chapters 3 to 5.

Reference literature
[ 43, COM 20181, [ 45, COM 2016 ]

2.3.34 Monitoring of channelled emissions to air

Description
Proper operation of a waste treatment plant requires the monitoring and targeted adjustment of
various process parameters in the channelled emissions to air of the waste treatment plant.

Technical description

Monitoring of the relevant parameters can be accomplished by online measurements (which
facilitate rapid intervention and control) or analytical results derived from air samples.
Parameters to be monitored and the frequency of monitoring depend inter alia on the type of
waste treatment and on the characteristics of the type of wastes treated in the installation.

Figure 2.31 summarises the information collected from the questionnaires on parameters
monitored in different types of waste treatment plants.
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Figure 2.31: Parameters monitored in channelled emissions to air by type of waste treatment

The monitoring of emissions is carried out in accordance with EN standards or, if EN standards
are not available, ISO, national or other international standards which ensure the provision of
data of an equivalent scientific quality.

Achieved environmental benefits

Monitoring the waste gas of a waste treatment plant helps to maintain the proper operation
of the waste treatment plant and to detect accidental releases and thus helps to prevent any
possible adverse environmental effects upon emission of waste gas.

Environmental performance and operational data
This information is detailed later in this document for each type of waste treatment in
the dedicated chapters (Chapters 3 to 5).

Cross-media effects
Some equipment, ancillary materials and energy are required for carrying out monitoring.

Technical considerations related to applicability
Generally applicable to all waste treatment plants where there are channelled emissions to air.

Economics
The costs associated with monitoring the waste gas of a waste treatment plant relate to
personnel and equipment used for sampling and measurement.

Driving force for implementation
Legislation on air pollution.
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Example plants
See examples in Chapters 3 to 5.

Reference literature
[ 43, COM 20181, [ 45, COM 2016 ]

2.3.35 Odour monitoring

Description

Odour monitoring is carried out using analytical methods (i.e. physical and chemical analysis)
or sensorial approaches. Sensorial analyses, being assigned to the 'human sensor’, are the cause
of significant uncertainties.

Technical description
The techniques include:

. for odour concentration determination (expressed in OUg/m?, to control limit values):
dynamic olfactometry (measured according to the European standard EN 13725);

. for odour in ambient air: the grid method (according to the European standard EN 16841-
1) or the plume method (according to the European standard EN 16841-2) to determine
the odour exposure;

. for odour perception in the surrounding area (impact): odour surveys (see odour intensity
mapping and odour wheels);

. electronic noses.

To determine the odour concentration, an air sample must be taken. The sampling techniques
are similar to those used for measuring individual compounds.

Techniques for odour monitoring are described in [ 43, COM 2018 ], and in [ 45, COM 2016 ]

Achieved environmental benefits
The achieved environmental benefit is the facilitation of the minimisation of odorous emissions.

Environmental performance and operational data
See [ 43, COM 2018 ] and [ 45, COM 2016 ]

Cross-media effects
None.

Technical considerations related to applicability
Odour monitoring is applicable where an odour nuisance at sensitive receptors is expected
and/or has been substantiated.

Economics
See [43, COM 2018 ] and [ 45, COM 2016 ]

Driving force for implementation
The driving forces for implementation include legislation and complaints occurring in the
vicinity of the installation/site.

Example plants
See Chapters 3 to 5.

Reference literature
[ 43, COM 20181, [ 45, COM 2016 ]
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2.3.4 Techniques for the prevention and control of channelled
emissions to air

2.34.1 Overview

This section contains techniques used in the waste treatment sector to prevent, reduce or control
the emissions to air. Emphasis needs to be placed on the prevention of the production and
displacement of pollutants.

Channelled emissions relate to those emissions that result from the collection of gas from a
vessel or area and that are passed on, either via abatement or directly, to a stack or vent.

This section only covers those techniques most relevant to the waste treatment sector. These
techniques have already been described and analysed in the CWW BREF[[ 45, COM 2016 ].
For this reason, it is not intended in this section to provide a complete analysis of each of the
different techniques. Instead, only a short description of the techniques is given as well as
examples of plants of the data collection where these techniques are applied. Preventive
techniques are covered in the following chapters since they are very dependent on the type of
process/activity carried out.

2.3.4.2 Cyclone

Description

In all types of cyclones, centrifugal forces are used to separate solid particles or liquid droplets
from waste gases. Cyclone filters are used to remove heavier particulates, which ‘fall out’ as the
waste gases are forced into a rotating motion before they leave the separator again.

Example plants

Table 2.10 shows the list of plants from the reference list equipped with a cyclone. Almost all of
them carry out shredding of waste.

Table 2.10: Plants equipped with cyclonic separation

Plants equipped with cyclonic

separation as an abatement technique Main type of waste treatment

25, 26, 27, 28, 29, 54, 55, 136, 282C, 288C, 289C, Mechanical treatment in shredders of metal
290C, 291C, 293C, 294C, 455, 456, 464, 478 waste
133, 280C Mechanical treatment of waste with

calorific value
Aerobic treatment of source-separated bio-

460
waste
Reference literature
[ 45, COM 2016 ]
2.3.4.3 Electrostatic precipitator (ESP)

Description
An electrostatic precipitator (ESP) is a particulate collection device that removes particles from
a flowing gas using the force of an induced electrostatic charge.
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Example plants

Table 2.11 shows the list of plants equipped with an ESP. This abatement technique is clearly
not widespread in the waste treatment sector as only two plants are equipped with it.

Table 2.11:

Plants equipped with an electrostatic precipitator (ESP)

Plants equipped with an ESP as
an abatement technigue

Main type of waste treatment

401_404

Treatment of water-based liquid waste

620

Re-refining and other preparations for reuse of
waste oils

Reference literature
[ 45, COM 2016 ]

2.3.4.4 Fabric filter

Description

The creation of a barrier separates the dust from the waste gases. Solid particles are trapped by a
woven fabric while the gas flow can pass through it.

Example plants

Table 2.12 shows the plants from the reference list equipped with a fabric filter. This abatement
technique is essentially used in dust-generating processes such as mechanical treatment of waste
or physico-chemical treatment of solid/pasty waste.

Table 2.12:

Plants equipped with a fabric filter

Plants equipped with a fabric filter as an
abatement technique

Main type of waste treatment

100, 29, 293C, 294C, 364_365, 432, 455, 464,
588, 590

Mechanical treatment in shredders of metal
waste

24,31, 34, 35, 122C, 133, 269, 270, 277, 278,
280C, 312, 326C, 361_363, 442C, 443C, 615,
627, 632

Mechanical treatment of waste with calorific
value

458, 630, 636

Treatment of WEEE containing VFCs and/or
VHCs

17, 243, 244, 257, 267, 279, 337, 628

MBT

15, 176, 181C, 187C, 222, 223, 224, 225, 226,
228, 229, 340, 399, 425_426, 613, 614

Physico-chemical treatment of solid/pasty waste

40, 188 Treatment of excavated contaminated soil
Regeneration/recovery of pollution abatement
505 .
components / FGT residues
299 Repackaging of hazardous waste
306, 366 Temporary storage of hazardous waste
589 Treatment of waste containing mercury
347 Treatment of water-based liquid waste
260 Aerobic treatment of source-separated bio-
waste
485 Anaerobic treatment of bio-waste

Reference literature
[ 45, COM 2016 ]
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2.3.4.5 Absolute filter

Description

In absolute filters (e.g. HEPA (high-efficiency particle air filter), ULPA (ultra-low penetration
air filter)), the filter medium is paper or matted glass fibre with a high packing density. The
waste gas stream is passed through the filter medium, where dust is collected. The dust cake that
forms on the filter medium can increase the collection efficiency. The filter medium is pleated
to provide a smaller A/C ratio (volume flow rate to surface area).

The most common designs are a box filter cell and a cylindrical filter cell. In a box filter cell,
the pleated medium is placed in a rigid, square frame constructed of wood or metal. The air
flows from the front to the back of the filter. In a cylindrical filter cell, a metal cap seals the
medium at one end. The air flows from the outside to the inside of the filter.

Example plants
Table 2.13 shows the plants from the reference list equipped with absolute filtration.

Table 2.13: Plants equipped with absolute filtration

Plants equipped with absolut_e filtration as Type of waste treatment
an abatement technique
327, 588, 589, 590 Treatment of waste containing mercury
Physico-chemical treatment of solid and/or pasty
187C
waste
260 Aerobic treatment of source-separated bio-waste

Reference literature
[ 45, COM 2016 ]

2.3.4.6 Thermal oxidation

Description

Thermal oxidation (also often referred to as 'incineration’, ‘thermal incineration' or 'oxidative
combustion’) is the oxidation of combustible gases and odorants in a waste gas stream by
heating a mixture of contaminants with air or oxygen above its ignition point in a combustion
chamber and maintaining it at a high temperature for sufficient time to complete combustion to
carbon dioxide and water.

Thermal oxidisers are used to reduce emissions from almost all VOC sources, including reactor
vents, distillation vents, solvent operations and operations performed in ovens, dryers and kilns.
They can handle minor fluctuations in flow, but large fluctuations require the use of other
techniques such as flares and flash tanks. Their fuel consumption can be high when low-loaded
waste gases are fed so thermal units are best suited for smaller process applications with
moderate to high VOC loadings.

Several types of thermal oxidisers are operated:

. the straight thermal oxidiser;

o the regenerative thermal oxidiser;
. the recuperative thermal oxidiser;
. gas engines, kilns or steam boilers.
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Example plants
Table 2.14 below shows the plants from the reference list equipped with thermal oxidation
systems.

Table 2.14: Plants equipped with a thermal oxidation system

Plants equipped with a thermal oxidation

system as an abatement technique Main type of waste treatment

239, 243, 244, 257, 267, 279, 628 MBT
425 426, 494, 569 Physico-chemical treatment of solid/pasty waste

188C Treatment of excavated contaminated soil

505 Regeneration/recovery of pollution abatement
components / FGT residues

368 369 370 371,401 404 Treatment of water-based liquid waste

394 Regeneration of spent solvents

Re-refining and other preparations for reuse of

160C, 570, 620, 624 .
waste oils

191C Treatment of waste containing POPs
78.79 80 81 82, 172C, 469 Phy5|_c_o—chem|cal treatment of waste with
- == calorific value
327 Treatment of waste containing mercury

Reference literature
[ 45, COM 2016 ]

2.3.4.7 Biofiltration

Description

The waste gas stream is passed through a bed of organic material (such as peat, heather,
compost, root wood, tree bark, peat, compost, softwood and different kinds of combinations) or
some inert material (such as clay, activated carbon, and polyurethane), where it is biologically
oxidised by naturally occurring microorganisms into carbon dioxide, water, inorganic salts and
biomass.

Biofiltration is well suited to low concentrations of pollutants that are easily soluble in water. It
is normally not suitable, however, for waste gases containing many different and/or changing
pollutants or air flow rates. Biofilters are also used to reduce bioaerosols emissions, although in
some circumstances they may be net emitters of bioaerosols [ 76, Sniffer 2014 ] as well as of
NH; [ 76, Sniffer 2014 1, [ 77, E.la Pagans et al. 2005 ] and H,S [ 78, UK EA 2013 1, [ 79, Omri
et al. 2011 ]. Methane is not abated because the residence time needed would be too long for
normal filter dimensions.

When concentrations of nitrogenous, sulphurous or chlorous organic or inorganic compounds
are too high, the formation of nitric acid, sulphuric acid and hydrochloric acid respectively may
acidify the filter material, rendering it useless, and thus drastically increase the required
replacement frequency. When applying biofiltration, it is important to monitor the pH within the
filter material and to ensure that this pH is in the range of 7-8 to decompose organic
components. At a pH value of 6.5, the decomposition speed decreases.

A biofilter construction is shown in Figure 2.32.
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Source: [ 45, COM 2016 ]

Figure 2.32: Biofilter construction

The biofilter is designed considering the types of waste to be treated. The appropriate medium
type in terms of water retention capacity, bulk density, porosity, structural integrity, etc. is
selected. Appropriate medium height and surface area, associated with a suitable ventilation and
air circulation system, are selected in order to ensure a uniform air distribution through the
medium and a sufficient residence time of the waste gas inside the medium (e.g. empty bed
residence time from 40 to 100 seconds).

A prior treatment of the waste gas with a water or acid scrubber may be needed in the case of
high NH; content (e.g. 5-40 mg/Nm°) in order to control the medium pH and to limit the
formation of N,O in the biofilter.

Some other odorous compounds (e.g. mercaptans, H,S) can cause acidification of the biofilter
medium, and using a water or alkaline scrubber in combination with the biofilter may also be
needed in this case. The biofilter is operated by monitoring and controlling the medium
moisture content and medium pH and by monitoring and controlling the temperature and
humidity of the waste gas entering the biofilter.

The abatement efficiency of the biofilter is monitored via the comparison of the biofilter air
inlet and outlet NH3, H,S and/or odour concentration.

Biofilters can be divided into open biofilters and enclosed biofilters.
Example plants

Table 2.15 shows the list of reference plants equipped with a biofilter. These are mainly plants
carrying out biological treatment of waste.
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Table 2.15: Plants equipped with a biofilter

Plants equipped with a biofilter as

an abatement technique Main type of waste treatment

62, 114, 261, 262, 328, 372, 406_407, 410_411,
412,413, 414, 416, 460, 511, 518, 520, 537,
542, 543, 608, 609, 621, 623, 634, 635

Aerobic treatment of source-separated bio-
waste

71, 111, 251, 255, 256, 265, 268, 339, 341,

377, 459, 484, 485, 526, 528, 529, 541 Anaerobic treatment of bio-waste

17, 19, 37, 127, 243, 244, 266, 267, 279, 337,

338, 349, 350, 415, 452, 454, 566, 573 MBT

32, 161C, 278, 280C Mechanical treatment of waste with calorific

value
Treatment of WEEE containing VFCs and/or
212
VHCs
340, 495_496, 569 Physico-chemical treatment of solid/pasty waste

03, 07, 08, 156C, 163C, 368 369 370 371, 607 Treatment of water-based liquid waste

Reference literature

[ 45, COM 2016 ], [ 76, Sniffer 2014 ], [ 78, UK EA 20131, [ 80, OWAV 2002 ], [ 81, VDI
20161, [ 77, E.la Pagans et al. 20051, [ 79, Omri et al. 20111, [ 82, Yang et al. 1994 ], [ 83, UK
EA 2013 ], [ 84, Dumont et al. 2014 ], [ 70, Amlinger et al. 2009 ]

2.3.4.8 Condensation and cryogenic condensation

Description
Condensation is a technique that eliminates VOC vapours from a waste gas stream by reducing
its temperature below its dew point.

There are different methods of condensation, depending on the operating temperature range and
including:

. coolant condensation, for a condensation temperature down to about 25 °C;

. refrigerant condensation, for a condensation temperature down to about 2 °C;

. brine condensation, for a condensation temperature down to about -10 °C;

. ammonia brine condensation, for a condensation temperature down to about -40 °C (one-
stage) or -60 °C (two-stage);

. cryogenic condensation, for a condensation temperature down to about -120 °C, in
practice often operated between -40 °C and -80 °C in the condensation device;

. closed-cycle inert gas condensation.

As for cryogenic condensation, temperatures below the freezing point of water require an
essentially water-free gas feed which may imply a pretreatment to remove water. This
pretreatment is not possible when the gas humidity is too high.

Example plants
Table 2.16 shows the plants from the reference list equipped with condensation (coolant or
cryogenic) systems.

Waste Treatment 113



Chapter 2

Table 2.16: Plants equipped with a condensation system

Plants equipped with a condens_atlon Main type of waste treatment
system as an abatement technique
470, 629 Treatment of WEEE containing VFCs and/or

VHCs

311 Repackaging of hazardous waste

327 Treatment of waste containing mercury

450 Blending/mixing

56, 168C, 169C, 170 Regeneration of spent solvents

605 Re-refining and other preparations for reuse of

waste oils

Reference literature
[ 45, COM 2016 ]

2.3.4.9 Adsorption

Description

Adsorption is a heterogeneous reaction in which gas molecules are retained on a solid or liquid
surface (the adsorbent is also referred to as a molecular sieve) that prefers specific compounds
to others and thus removes them from effluent streams. When the surface has adsorbed as much
as it can, the adsorbent is replaced or the adsorbed content is desorbed as part of the
regeneration of the adsorbent. When desorbed, the contaminants are usually at a higher
concentration and can either be recovered or disposed of.

Typical adsorbents include:

. granular activated carbon (GAC), the most common adsorbent with a wide efficiency
range and not restricted to polar or non-polar compounds; GAC can be impregnated, e.g.
with oxidants such as potassium permanganate or with sulphur compounds (improving
the retention of heavy metals);

. zeolites, with properties depending on their manufacturing, working either as mere
molecular sieves, selective ion exchangers or hydrophobic VOC adsorbers;

. macroporous polymer particles, which are used as granules or beads, without being
highly selective with respect to VOCs;

. silica gel;

. sodium-aluminium silicates.

The application of adsorption encompasses:

o the recovery of VOCs (raw material, product, solvent, etc.) for reuse or recirculation; it
may be used as a stand-alone system, as a concentration step to improve the viability of
further recovery operations such as membrane separation or to treat the tail gas emissions
from an abatement system;

. the abatement of pollutants (hazardous substances from production or treatment facilities
(e.g. WWTP) such as VOCs, H,S, odours, trace gases) that cannot be recirculated or
otherwise used, possibly with GAC as an adsorbent which is then not regenerated but
incinerated;

. its use as a guard filter after final treatment facilities.

The most important measurement is the pressure drop across the dust filters (if fitted) and across
the adsorbent bed. Across the filters, the pressure should rise steadily after renewal or cleaning.
Too rapid a rise gives warning of too high a pressure drop later on due to an abnormal dust load.
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Across the bed, the pressure should remain roughly constant. Any increase indicates either dust
bypassing the dust filter or adsorbent dust from granule breakdown. There should also be an

alarm for high pressure.

Example plants

Table 2.17 shows the list of plants from the reference list equipped with activated carbon
adsorption. Activated carbon filters have been tested for a number of months in two metal
shredder plants in Europe after different preliminary treatments of the air flow in order to
protect against any deflagration risk, and to eliminate dust and/or heating to reduce the humidity

content. [ 26, Mech. subgroup 2014 ]

Table 2.17: Plants equipped with activated carbon adsorption

Plants equipped with activated carbon
adsorption as an abatement technique

Type of waste treatment

127, 244, 434

MBT

54, 364_365,

Mechanical treatment in shredders of metal waste

32, 35, 277, 280C

Mechanical treatment of waste with calorific
value

138, 458, 629, 630, 636

Treatment of WEEE containing VFCs and/or
VHCs

176C, 181C, 425_426, 495 496

Physico-chemical treatment of solid/pasty waste

40, 188C, 353_359

Treatment of excavated contaminated soil

Regeneration/recovery of pollution abatement

497 components / FGT residues
311 Repackaging of hazardous waste
148C, 172C, 174C, 553 Phy5|_c_o—chem|cal treatment of waste with
calorific value
59, 146C, 589 Treatment of waste containing mercury

03, 08, 140_141_142_143C, 148C, 149_150C,
151C, 156C, 163C, 216, 217, 317, 347, 463

Treatment of water-based liquid waste

324 Blending/mixing
56, 170, 394, 476, 554 Regeneration of spent solvents
92, 619, 620 Re—refir)ing and other preparations for reuse of
waste oils
191C Treatment of waste containing POPs
588, 590 Treatment of mercury-containing waste
260 Aerobic treatment of source-separated bio-waste

484, 485, 526, 528

Anaerobic treatment of bio-waste

Reference literature
[ 45, COM 2016 ]
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2.3.4.10 Scrubbing

Description

Wet scrubbing (or absorption) is a mass transfer between a soluble gas and a solvent—often
water —in contact with each other. Physical scrubbing is preferred for chemical recovery,
whereas chemical scrubbing is restricted to removing and abating gaseous compounds. Physico-
chemical scrubbing takes an intermediate position. The component is dissolved in the absorbing
liquid and involved in a reversible chemical reaction, which enables the recovery of the gaseous
component.

Scrubbing or absorption is widely used as a raw material and/or product recovery technique for
the separation and purification of gaseous streams which contain high concentrations of VOCs,
especially compounds soluble in water such as alcohols, acetone or formaldehyde. The use of
absorption as the primary control technique for organic vapours is subject to the availability of a
suitable solvent, with a high solubility for the gas, low vapour pressure and low viscosity.

The major waste gas treatment applications of scrubbing processes are as follows:

. The removal of gaseous pollutants, such as hydrogen halides, SO,, ammonia, hydrogen
sulphide (H.,S) or volatile organic solvents.

. The removal of dust with certain types of scrubbers. Wet dust scrubbing entails
separating the dust by intensively mixing the incoming gas with water, usually combined
with the removal of the coarse particles through the use of centrifugal force. In order to
achieve this, the gas is inserted tangentially (at an angle from the side). This technique
allows the abatement of dust emissions and bioaerosols as well as inorganic chemicals
(such as SO2, NH3, NH4CI), VOCs and heavy metals that may be attached to the dust.

Depending on the pollutants to be removed, several aqueous scrubbing liquids are used
including the following:

. Water, to remove solvents and gases such as hydrogen halides or ammonia, with the
main aim being to recover and reuse these contaminants.

. Alkaline solutions (e.g. caustic soda (i.e. sodium hydroxide) and sodium carbonate), to
remove acid components such as hydrogen halides, sulphur dioxide, hydrogen sulphide
(H2S), phenols, chlorine; also used for second-stage scrubbing to remove residual
hydrogen halides after first-stage aqueous absorption; and for biogas desulphurisation.

. Alkaline oxidation solutions, i.e. alkaline solutions with oxidants such as sodium
hypochlorite (NaClO), chlorine dioxide (ClO,), ozone (O3) or hydrogen peroxide (H,O,).

. Oxidation solutions, to recover NOy from concentrated waste gases.

. Sodium hydrogen sulphite solutions, to remove odour (e.g. aldehydes).

o Na,S, solutions, to remove mercury from waste gas.

o Acidic solutions, to remove alkaline components, e.g. ammonia, amines and esters. The
dosing of the acid is done by means of pH regulation.

o Monoethanolamine and diethanolamine solutions, suitable for the absorption and
recovery of hydrogen sulphide.

. Organic solvents with low volatility, e.g. chilled nonane for the recovery of light VOCs
such as butanes and pentanes.

Example plants
Table 2.18 shows the list of reference plants equipped with wet scrubbers (either water, acid or
alkaline scrubbers).
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Table 2.18: Plants equipped with a wet scrubbing system

Plants equipped with a wet scrubbing system
as an abatement technique
19, 37, 127, 239, 566, 573 MBT
25, 26, 27, 28, 54, 55, 95C, 282C, 288C, 289C, Mechanical treatment in shredders of metal
290C, 291C, 364 365, 432, 441, 455, 456, 571 waste
161C, 278 Mechanical treatment of waste with calorific

Type of waste treatment

value
15, 340, 348, 399, 425 426, 475, 495 496, 569 Physico-chemical treatment of solid/pasty waste
14, 188C Treatment of excavated contaminated soil
552 Repackaging of hazardous waste

04, 06, 07, 08 140_141_142_143C,
144 145 147C, 154_155C, 192C, 194C, 215,

217, 317, 322, 368 369_370_371, 401 404, Treatment of water-based liquid waste

461, 468, 550
168C, 169C, 394, 554 Regeneration of spent solvents
570, 605, 620, 624 Re-reflr_ung and other preparations for reuse of
waste oils

114,126, 260, 262, 328, 372, 416, 460, 608, 634 Aerobic treatment of source-separated bio-waste

71,111, 251, 255, 268, 377, 459 Anaerobic treatment of bio-waste
332, 450 Blending/mixing
193C Other

Reference literature
[ 45, COM 20161, [ 76, Sniffer 2014 ]

2.3.4.11 Sorbent injection

Description

The principle of sorbent injection is the introduction of reactive material to, and its dispersion
in, the waste gas stream. This material reacts with SOx species to form a solid which has to be
removed afterwards from the waste gas stream (often with a filter, e.g. a bag filter).

The most frequently used sorbents are:

. limestone and its derivatives;

. dolomite and its derivatives;

. sodium hydrogen carbonate (sodium bicarbonate);
. sodium carbonate (soda ash).

The choice of sorbent depends on the process conditions (temperature, flow rate, humidity,
pollutant contents) and its availability.

These sorbents are also effective at removing other acid gases, particularly hydrogen chloride
(HCI) and hydrogen fluoride (HF). If these acid gases are intended to be recovered, the waste
gas needs to be pretreated (water scrubbing, see Section 2.3.4.10).

Example plants
Table 2.19 shows the plants from the reference list equipped with sorbent injection systems.
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Table 2.19: Plants equipped with a sorbent injection system

Plants equipped with a sorbent injection

as an abatement technique Type of waste treatment

243, 244, 267, 337 MBT
27 Mechanical treatment in shredders of metal waste
469 Physi_cp—chemical treatment of liquid waste with
calorific value
03 Treatment of water-based liquid waste
235 Re-refining and other preparations for reuse of
waste oils
Reference literature
[ 45, COM 2016 ]
2.35 Techniques for the prevention and control of odour and

diffuse/fugitive emissions to air

2.3.5.1 Odour management plan

Description

An odour management plan (OMP) is part of the environmental management system (EMS) of
the installation (see Section 2.3.1.1) and includes elements to prevent or reduce odorous
nuisances.

Technical description
The OMP includes the following:

. A protocol containing actions and timelines.

. A protocol for conducting odour monitoring. It may be complemented by measurement/
estimation of odour exposure (e.g. according to EN 16841-1 or -2) or estimation of odour
impact.

. A protocol for response to identified odour incidents (including the management of
complaints: identification of operations carried out, weather conditions such as
temperature, wind direction, rainfall, communication with the authority and with
complainant, etc.).

. An odour prevention and reduction programme designed to identify the source(s), to
measure/estimate odour exposure, to characterise the contributions of the sources, and to
implement prevention and/or reduction measures.

Achieved environmental benefits
Prevention or reduction of the emissions of those odorous releases that may be offensive and
detectable beyond the boundaries of the site.

Environmental performance and operational data
No information provided.

Cross-media effects
No information provided.
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Technical considerations related to applicability

The technique is applicable to new and existing plants provided that an odour nuisance in
residential or other sensitive areas (e.g. recreational areas, workplaces) is expected and/or has
been reported.

Economics
No information provided.

Driving force for implementation
Reduction of number of complaints from the neighbourhood.

Example plants

Table 2.20 shows the plants from the reference list where an odour management plan is
implemented. This is essentially used in odour-generating processes such as biological
treatment of waste, especially aerobic treatments.

Table 2.20: Plants where an odour management plan is implemented

Plants where an odour management plan is
implemented

Main type of waste treatment

21,62, 128, 129, 328, 460, 511, 518, 520, 521,
530, 531,537, 542, 543, 544, 546, 547, 548, 572,
579, 608, 609, 621, 622, 623

Aerobic treatment of source-separated bio-waste

131, 459, 485, 526, 528, 529, 534, 541,

Anaerobic treatment of bio-waste

130, 266, 337, 338, 453, 519, 628

MBT

487, 493 Mechanical treatment of waste with calorific value
58, 340, 348, 427, 495 Physico-chemical treatment of solid/pasty waste
494 Treatment of excavated contaminated soil
Regeneration/recovery of pollution abatement
497 .
components / FGT residues
59 Treatment of waste containing mercury
153, 347, 421, 423 Treatment of water-based liquid waste
79. 332, 469, Physico-chemical treatment of waste with calorific

value

92, 619, 620

Re-refining of waste oil

Reference literature

[ 85, Scori 20021, [ 9, UK EA 2001 1, [ 10, Babtie Group Ltd 2002 ], [ 86, VDI and Dechema

20021, [ 11, WT TWG 2003 ], [ 33, Irish EPA 2003 ], [ 87, Prantner 2002 ], [ 13, Schmidt et al.

2002 ], [ 18, WT TWG 2004 ], [ 35, VROM 2004 ]

2.3.5.2

Description

Prevention or reduction of odour emissions from waste treatment

The main techniques used to reduce odorous emissions are: minimising residence times, using
chemical treatment and optimising aerobic treatment.

Technical description

The techniques given below can be used to minimise odour emissions:

. Minimise the residence time of (potentially) odorous waste in collection, storage and
handling systems (e.g. pipes, tanks, containers), in particular under anaerobic conditions
(when relevant, adequate provisions are made for the acceptance of seasonal peak

volumes of waste).

. Use chemicals to destroy or to reduce the formation of odorous compounds (e.g. to
oxidise or to precipitate hydrogen sulphide).
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. Optimise the aerobic treatment, e.g. by controlling the oxygen content and frequent
maintenance of the aeration system. In the case of aerobic treatment of water-based liquid
waste, the optimisation may also include: use of pure oxygen and/or removal of scum in
tanks.

. Cover or enclose facilities for storing, handling, collecting and treating odorous waste
(including waste water and sludge) and collect the odorous waste gas for further
treatment.

. End-of-pipe treatment.

For more information on minimising the residence time of putrescible waste in storage, see
Section 4.5.1.2.

Table 2.21 provides an overview of end-of-pipe odour treatment techniques.

Table 2.21: Overview of end-of-pipe odour treatment techniques

Reported odour
Technique abatement Comments
efficiency (%) ()
Adsorption 70-99 —
Wet scrubbing 60-85 —
A”‘a'”?e oxidative 80-90 Variant of the absorption technique
scrubbing
Thermal oxidation 98-99.9 -
Catalytic oxidation 80-95 -
Low shift of pollution to
e o g any other media.
Biofiltration (°) 70-99 Few chemical agents added.
Low energy consumption
Bioscrubbing (%) 70-80 —
Biotrickling 70-90 -
Moving-bed _
trickling filter > 90

(%) As reported in the corresponding sections of this document where the techniques are described.

(® Biofiltration and bioscrubbing can be combined into one system to benefit from the advantages of both
techniques. The bioscrubber would act as a humidifier and degrade a high portion of the odorous load. It
will also display a buffering effect to prevent high concentrations of odorous substances from entering the
biofilter, which otherwise might lead to a rise in temperature in the biofilter material due to an increasing
degradation process. Elevated temperatures would result in a lower efficiency of the biofilter.

Source: [ 45, COM 2016 ], [ 88, Waste refinery 2013 ]

See [ 45, COM 2016 ] for more details on odour abatement techniques.

Achieved environmental benefits
Reduction of odorous emissions.

Cross-media effects

The cross-media effects associated with the abatement techniques used (e.g. scrubber,
incinerator/oxidiser) are described in the sectionof the BREF relevant to each specific
technique.

Management-type techniques have no cross-media effects.

Removing surface scum and skimmings in waste water treatment tanks entails the use of energy.
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Environmental performance and operational data
See [ 45, COM 2016 ]

Applicability
The minimisation of residence times is only applicable to open systems, as the enclosed systems
allow the prevention of odour emissions.

Chemical treatments to destroy or reduce the formation of odorous compounds may not be
applicable if it may hamper the desired output quality.

Economics
No information provided.

Driving force for implementation
The driving forces for the implementation of the techniques mentioned include:

. national legislation on odours (e.g. TA Luft in Germany);
. odour nuisances (especially from treatment of biodegradable wastes) in the case of nearby
housing and workplaces;

. occurrence of odorous substances from anaerobic reactors, especially when waste water
contains high concentrations of sulphate, which is converted to sulphides.

Example plants
See Chapters 3 to 5.

Reference literature
[ 45, COM 2016 ]

2.3.5.3 Reduction of diffuse emissions

Description
Selection of operational and design measures, as part of the EMS, which can be implemented to
prevent or reduce diffuse emissions to air of dust, bioaerosols and/or VOCs.

Technical description
Several operational and design measures might be selected, on the basis of the expected type of
emissions:

Minimisation of the number of potential emission sources

. To design piping layout appropriately by:
o minimising pipe run length;
o reducing the number of flanges (connectors) and valves;
o using welded fittings and pipes.

. To use, if possible, gravity transfer rather than pumps.

Selection of high-integrity equipment
. To use high-integrity equipment such as:
o valves with double packing seals or equally efficient equipment;

o fitting high-integrity gaskets (such as spiral wound, kammprofile or ring joints)
for critical applications;

pumps/compressors/agitators fitted with mechanical seals instead of packing;
magnetically driven pumps/compressors/agitators;
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o appropriate service hoses, access ports, piercing piers, drill heads, e.g. when
degassing WEEE containing VFCs and/or VHCs.

Corrosion prevention

. To ensure that all equipment (e.g. gaskets) is selected appropriately for each process
application.

. To avoid corrosion by appropriate selection of construction material.

. To prevent corrosion by lining or coating of equipment, by painting pipes to prevent
external corrosion and by using corrosion inhibitors for materials in contact with
equipment.

Containment and collection of diffuse emissions

. To store, treat and handle waste and material that may generate diffuse emissions in
enclosed buildings and/or enclosed equipment (e.g. conveyor belts).

. To enclose (partially or completely) liquid effluent drainage systems and tanks used for
liquid effluent storage/treatment. Emissions from tanks containing wastes that may
generate emissions to air (such as VOCs) are controlled, e.g. with flow-balancing
systems, and/or abated, e.g. with activated carbon filters.

. To minimise emissions during sampling by using closed sampling systems or in-line
analysers.

. To install a maintenance drain-out system to eliminate open discharges from drains.
. To cover conveyor belts, especially the connection points and discharge areas.

. To enclose transfer points and sorting facilities.

. To ensure enclosure by work instructions or automation, e.g. closing doors.

a. To have the enclosed equipment or buildings under adequate pressure;

b. To have the enclosed systems or buildings equipped with extraction, and connected
to a suitable abatement system.

c. To design extraction systems to take into account the removal of the large volumes
of air present due to the dimensions of the mixing areas and the need to have
vehicular access for loading and unloading. The extraction systems are capable of
controlling all foreseeable emissions, other than in emergency situations.

. To have localised extraction and/or misting/sprinkler systems on equipment with
significant dust formation (e.g. screening drums) or in storage areas, at handling or
dust-intensive process steps such as unloading. These systems distribute a fine spray of
water that stops the dust from rising while binding the water at the same time to prevent
waste water.

. To use air suction systems close to the emission sources.
. To have separate suction and abatement units for sorting and transportation units.
. To use wind barriers.

Selection of input waste

e To place emphasis on pre-acceptance screening (see Section 2.3.2.1) and on the rejection of
specific wastes. For example, and particularly for odorous materials, they need to be
handled in dedicated sealed handling areas which incorporate an extraction system leading
to abatement equipment.

Storage of waste

. To store containerised wastes under cover. Covered areas have adequate provision for
ventilation (resulting in the storage area being kept above or below atmospheric pressure).
This applies to any container held in general storage, reception storage (pending
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acceptance), quarantine, or which is being emptied, repackaged or otherwise managed.
The air is treated before it is released depending on the type of contamination, if any.

. To store drums and containers of odorous materials in enclosed buildings connected to
abatement units.

. To store the waste and materials that can generate diffuse emissions of dust (e.g. SLF,
SHF in the case of shredders) in enclosed buildings or containers.

. To minimise the height of waste piles that can generate diffuse emissions.
. To install extraction systems for dust abatement or spray damping in storage bunkers.

Handling of waste

. To dampen the material that can generate diffuse emissions of dust with water before and
during loading and conditioning processes.

. To dampen potential sources of diffuse dust emissions (e.g. waste storage, open handling
processes and traffic areas) with water or fog cannons.

. To reduce the drop height for the material.

. To avoid traffic routes through the delivery area.

. To set speed limits for trucks.

. To minimise the storage time of wastes in the delivery area.

Mixing of waste
. To implement measures to restrict dusty reagents.

. To mix reagents and waste using impellers or mixing systems integral to the mixing
vessel.

. To use screw feeders, gravity or pneumatic means for handling systems for bulk transfer
of dry wastes and reagents.

. To deliver the feedstock by pipe into the mixing vessel.

Maintenance
. To facilitate maintenance activities by ensuring access to potentially leaky equipment.
. To regularly control and maintain protective equipment, e.g. lamellar curtains.

Cleaning
. To keep the pollution of the exhaust air low by:

o using surfaces and work equipment that are easy to clean;

o cleaning the floor of the hall regularly with an appropriate sweep-suction
cleaner or industrial vacuum cleaner.

. To reinforce, maintain and wash driveways during periods of dry weather.

. To regularly clean the whole waste treatment area (halls, traffic areas, storage areas, etc.),
sunshades, conveyor bands, other equipment and containers.

. To use a tyre-washing plant to prevent dispersion of waste by vehicles to the outer areas
of the plant.

Achieved environmental benefits
Reduction of VOC, odour and dust emissions.
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Environmental performance and operational data

Common abatement systems can be connected to the venting systems for tanks, to reduce
solvent losses to the air due to displacement when filling tanks and tankers. Sites handling dusty
wastes may have specific hoods, filters and extraction systems.

Cross-media effects
One cross-media effect is the water usage when dampening the material.

A positive side effect of enclosure is the reduction of noise for workers on site.

Technical considerations relevant to applicability

The use of high-integrity equipment may be restricted in the case of existing plants due to
operability requirements (for instance, magnetically driven equipment may not be applicable in
the case of liquids containing ferrous particles).

The use of enclosed equipment or buildings may be restricted by safety considerations such as
the risk of explosion or oxygen depletion. The use of enclosed equipment or buildings may also
be constrained by the volume of waste.

Not all measures are applicable for all types of diffuse emissions (dust, bioaerosols, odour,
VOCs).

Economics
No information provided.

Driving force for implementation
. Legislation on air pollution.
. Reduction of number of complaints from the neighbourhood.

Example plants

The majority of chemical plants have an air extraction and scrubbing system for the main
processing tanks and for any pretreatment operations that could produce a toxic gaseous
discharge to air. Most WT plants have some abatement systems in place to control emissions to
air, but the type and level of control vary widely.

Sites storing organic wastes with a solvent content tend to have a carbon filter system to control
discharges to air and to undertake some monitoring of the exit gas. Some VOCs can be returned
to solution through aqueous scrubbers or mineral oil scrubbers, whilst other VOCs can be
trapped in activated carbon filters. Roofed tanks are common when storing materials containing
products with a high vapour pressure. Special equipment is required when storing highly
flammable products. Special care is typically taken in order to avoid leaks and spillages to the
ground which would pollute the soil and groundwater or allow material to enter the surface
water. Some sites have balancing systems (with nitrogen gas) to reduce the air displacement
when filling the tanks. All storage tanks used in a re-refining process are blanketed and
balanced. The amount of displacement to vents during the transfer of contents is minimised in
some cases by connected vent pipes.

Reference literature

[ 89, Eklund et al. 1997 ], [ 85, Scori 2002 ], [ 9, UK EA 2001 ], [ 10, Babtie Group Ltd 2002 ],
[ 90, Hogg et al. 2002 ], [ 14, Eucopro 2003 ], [ 17, Pretz et al. 2003 ], [ 91, UBA Germany
200317, [ 18, WT TWG 2004 1, [ 19, WT TWG 2004 ], [ 26, Mech. subgroup 2014 ], [ 45, COM

2016 ]
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2354 Leak detection and repair programme

Description
A leak detection and repair (LDAR) programme for plants handling volatile materials.

Technical description
An LDAR programme may include the following:

. Identifying and, where possible, quantifying significant fugitive emissions to air from all
relevant sources, estimating the proportion of total emissions which are attributable to
fugitive releases for each substance.

. Direct monitoring of valves, pump seals, etc. using a portable organic vapour analysis
instrument to check for leaks (sniffing or optical gas imaging (OGlI), [ 45, COM 2016 ]).

. Using non-intrusive tank volume measurements.

. Replacing filter pot lids when cleaning filters.

. Storing filter slops in sealed drums.

. Storing contaminated waters which have the potential for odours in covered tanks.
. Using drum storage (see Section 2.3.13.2).

. Ensuring that regular cleaning/desludging of tanks is carried out, using maintenance
schedules to avoid large-scale decontamination activities.

. Tanker washing if the load is likely to give rise to odour. The washing water/agueous
waste from the washing needs to be directly discharged to abated storage systems before
opening the tankers. Opening tankers for the minimum amount of time possible.

. Undertaking maintenance activities for fixing any detected leaks, e.g. replacing valve
packing.

The LDAR programme is risk-based, considering the design of the plant and the amount and
nature of organic compounds handled.

Achieved environmental benefits
Detection of leaks of VOCs from valves, pumps and other piping components.

Environmental performance and operational data
No information provided.

Cross-media effects
None.

Technical considerations related to applicability
Generally applicable to plants handling volatile organic compounds.

Economics

The investment costs for an analyser were reported to be EUR 5 000-20 000 for sniffing and
EUR 70 000-100 000 for OGI. During operation, the main difference is the time required for
surveying. When using sniffing methods, only about 500 components can be checked per day
by a surveying team. In contrast, optical gas imaging techniques allow 15 000 to 20 000
components per day to be surveyed. Therefore, sniffing methods are generally less expensive in
the case of small plants, while OGlI is less expensive in the case of large plants

[ 45, COM 2016 1.

In a typical US refinery or large petrochemical plant with over 200 000 regulated components,
the annual cost for an LDAR programme is reported to exceed EUR 750000 (actual cost
USD 1 million, calculated using the average 2010 USD/EUR exchange rate) with the US EPA
Method 21 based on sniffing.
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Driving force for implementation

. Legislation on air pollution.

o Optimisation of process performance.
. Health and safety of staff.

Example plants
No information provided.

Reference literature
[9, UK EA 20011, [ 10, Babtie Group Ltd 20021, [ 11, WT TWG 2003 1, [ 33, Irish EPA 2003
1, [18, WT TWG 2004 ], [ 45, COM 2016 ]

2.35.5 Flaring

Description

Flaring is a high-temperature oxidation process used to burn combustible components of waste
gases from industrial operations. Flares are used for safety reasons or during non-routine
operating conditions (e.g. start-ups, shutdowns).

Technical description
Flaring is used to safely combust vented flammable gases (hydrocarbons) at a pressure drop
which does not compromise plant relief systems.

Flaring is also used at plants using anaerobic digesters to produce biogas (see Section 4.3).
These plants generate a methane-rich biogas. The biogas that is not consumed or stored is
flared.

Because flaring is both a source of pollution and leads to the burning of a potentially valuable
product, its use should be limited to non-routine, momentary stoppages or emergency releases.
Uncontrolled emissions (especially VOCs) from vents and relief valves should be routed to
recovery systems, with flares serving only as a backup system.

See [ 45, COM 2016 ] for further details on flaring.

Techniques to prevent or reduce emissions from flaring are as follows ([ 45, COM 2016 ]):

. Correct plant design: includes sufficient flare gas recovery system capacity, the use of
high-integrity relief valves and other measures to use flaring only as a safety system for
other than normal operations (start-up, shutdown, emergency).

. Plant management: includes organisational and control measures to reduce flaring
events by balancing the gas system, using advanced process control, etc.
. Flare design: includes height, pressure, assistance by steam, air or gas, type of flare tips,

automatic ignition, flame detection, provision to face failure of electric power, etc. It aims
to enable smokeless and reliable operations and ensure the efficient combustion of excess
gases when flaring from non-routine operations.

. Monitoring and reporting: continuous monitoring (measurements of gas quantity and
estimations of other parameters) of gas sent to flaring and associated combustion
parameters (e.g. flow gas mixture and heat content, ratio of assistance, velocity, purge gas
flow rate, pollutant emissions). Reporting of flaring events (e.g. with flame monitoring
devices) makes it possible to include the flaring ratio as a requirement in the EMS and to
prevent future events. Visual remote monitoring of the flare can also be carried out using
colour TV monitors during flaring events.
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Some national regulations or technical rules require specific flare design, e.g. combustion yield
(> 99 %) in the German Clean Air Act — TA Luft, minimum height and safety distances in ISO
20675 part 2 and a technical rule of the German Associations DVGW, DWA and German
Biogas Association.

Achieved environmental benefits
Incineration of emergency releases.

Environmental performance and operational data
Abatement efficiencies and emission levels associated with flaring are given in Table 2.22.

Table 2.22: Abatement efficiencies and emission levels associated with flaring

Elevated flare Ground flare
Pollutant Abatement Emission level (%) Abatement Emission level (%)
efficiency () (%) (mg/Nm?) efficiency () (%) (mg/Nm?®)
VOCs 3) 3
(including CH,) > 98 ( NI >99 (%) NI
NO NI 400 (200 ppm) NI 400 (200 ppm)
x NI 108 NI 108
CO NI 588 NI 588

(%) Efficiency depends on the specific plant configuration and operational conditions; the performances indicated
are based upon half-hourly averages.

(%) The emission levels reported are indicative of what is being achieved at some industrial installations under
normal operating conditions; because emission levels strongly depend on the specific plant configuration and
operating conditions, the values given should be used with extreme caution for permitting.

(® Under optimum conditions, i.e. heat content of waste gas > 8-11 MJ/Nm, low flows and low heat content
achieve lower combustion efficiencies (as low as 65 %).

NB: NI = No information provided.

Source: [ 45, COM 2016 ]

The achievable emission levels mentioned in Table 2.22 report the destruction of air pollutants
(VOCs) by flaring. The other parameters (NOx) refer to emissions caused by flaring. Flaring has
no waste gas treatment installed, hence pollutants generated by the incineration of waste gases
which contain sulphur and/or halogens, NOx, carbon monoxide, soot, etc. are normally not
controlled. For these reasons, ground flares are not suited for toxic gases. The
combination/recombination reaction to form dioxins, however, is not favoured because of the
lack of a 'recombination window' and metal surfaces acting as catalysts.

The abatement performance of flaring, as described in the table above, will be > 98 % if the
flare is designed and operated properly. Important parameters for achieving the optimum
combustion efficiency are described below under operational data. The performance range
under non-optimum conditions may be well below 98 %.

See [ 45, COM 2016 ] for more operational data.

Cross-media effects

Flare emissions will include, at minimum, nitrogen oxides (NOy), carbon monoxide (CO) and
uncombusted flared gas compounds (e.g. VOCs). In addition, if the flared gas contains sulphur-
bearing compounds, emissions will also include hydrogen sulphide (H,S) and sulphur dioxide
(SOy), thus causing potential odour nuisances (mainly for ground flares).

The main utilities and consumables include:
. smoke suppressants (steam, air, water, natural gas);
. ignition gas for the ignition pilot (propane or butane);
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. purge gas (nitrogen or fuel) to keep the system on overpressure;
. pilot gas;
. energy.

Flaring can cause noise emissions. The most significant noise sources are:

) smoke suppressant injection;
. combustion processes;
. vents.

The suppression of noise is a crucial environmental issue and is thus an important design aspect
that needs to be addressed for new flares. Noise avoidance aspects include:

. reducing or attenuating the high-frequency steam jet noise by using multiport steam
injectors, which can also lead to increased coke formation under low flow conditions;
design of the orifice to cope with this drawback is essential;

. installing the injectors in a way that allows the jet streams to interact and reduce the
mixing noise;

. increasing the efficiency of the suppressant with better and more responsive forms of
control,

. restricting the steam pressure to < 0.7 MPa gauge;
. using a silencer around the steam injector as an acoustic shield for the injectors;
. using air-blown flares or enclosed ground flares.

Further impacts include:

o light nuisance from elevated flares;
. odour nuisance because of insufficient combustion (mostly with ground flares).

Technical considerations related to applicability
Application limits and restrictions are given in Table 2.23.

Table 2.23: Application limits and restrictions associated with flaring

Parameters Limits/restrictions
Typical gas flows (Nm?/h) 0-1800 000 (upper limit for elevated flares)
Minimum calorific value of incoming waste gas 811
(MIINm®)
Combustion temperature (°C) > 800
Pressure Atmospheric
Oxygen content after incineration (%) > 5 (muffle flare)
Flare velocity (m/s) 0-20 (to prevent flashback)

Source: [ 45, COM 2016 ]

Economics
Economics associated with flaring are given in Table 2.24.
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Table 2.24: Economics associated with flaring

Type of costs Elevated flare Ground flare

Could cost three to four times
as much as elevated flares

Investment/capital costs
(EUR per 1000 Nm*/h)
Operating costs

(per 1000 Nm?*/h)

Labour

~ 100 000-650 000 (1)

NI NI

Can also vary widely; the skill of the maintenance
personnel is the essential factor here

Cost-effectiveness

(per tonne of pollutant controlled NI NI
per year)

Cost-determining parameters Potential additional fuel
Benefits None

(%) Onshore design without landing. The costs can vary widely because they are dependent on the number of hours
the flare is used. Because a flare is primarily a safety system, the number of hours it is used will be low (10 to
100 hours per year).

NB: NI = No information provided.

Source: [ 45, COM 2016 ]

Driving force for implementation
The main driving force for implementation is safety.

National regulations to prevent the release of biogas are also a driving force.

Example plants
Table 2.25 shows the list of reference plants using flaring.

Table 2.25: Examples of plants using flaring

Plants using flaring Main type of waste treatment
132, 251, 341, 415, 528, 529, 541, 592 Anaerobic treatment of bio-waste
Re-refining and other preparations for reuse of
605, 610, 619 waste oils

Reference literature
[ 45, COM 2016 ][ 92, COM 2015 ]
2.3.6 Techniques for the prevention and control of emissions to water
2.3.6.1 Treatment of waste water from waste treatment plants

Description
Treatment of waste water using one or a combination of the techniques described in Section
2.3.6.2.

Technical description
Treatment typically involves an agitation phase, which not only homogenises the slurry but also
promotes the following actions:

. breakdown of solid particles;
. desorption of waste from solid particulates;
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. contact between organic waste and microorganisms;
. oxidation of the slurry by aeration.

Waste water treatment combines chemical, physical and biological treatments. Usually this will
include an aerobic stage, where the effluent is aerated in an aeration tank (0.5-3 days retention
time) to convert soluble organics into microorganisms (sludge) and a cleaner final effluent.
Biological degradation only occurs for organics that are dissolved in water and not for
suspended or free-phase organics. In general, the treatment and purification of waste waters
from waste treatment plants is an important element of these plants, mostly due to the
potentially high pollution loads that may be in the waste water. A distinction can be made
between separation and conversion processes.

Separation processes are, for instance:

o mechanical treatment;

. evaporation;

. adsorption;

. filtration;

. nanofiltration or ultrafiltration;
. reverse 0Smosis;

. centrifugation.

Meanwhile, conversion processes include:

o wet oxidation using H,O, for example;

o ozonisation;

. precipitation/neutralisation;

. anaerobic and aerobic biological treatments of waste waters.

Various combinations of techniques described in Section 2.3.6.2 are used for waste water
treatment, depending mainly on the inventory of waste water streams (see Section 2.3.1.2) and
on local conditions (e.g. direct/indirect discharge).

In the case of indirect discharge, it is ensured that the level of emission of the remaining
pollutants does not have a negative impact on the downstream WWTP or on the efficiency of
this downstream installation at treating those remaining pollutants.

Figure 2.33 shows an example of an effluent management system for a WT plant.
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Source: [9, UKEA 2001]

Figure 2.33: Example of effluent management within a waste treatment plant

Section 2.3.6.2 introduces the individual waste water treatment techniques as described in [ 45,
COM 2016 ]. In the same way as for the techniques for the prevention and control of emissions
to air (see Section 2.3.4), it is not intended in this section to provide a complete analysis of each
of the different techniques. Instead, only a short description of the techniques is given as well as
examples of plants of the data collection where these techniques are applied.

Achieved environmental benefits
The achieved environmental benefits of this technique include the reduction of emissions to
water.

Environmental performance and operational data
See Section 2.3.6.1.1 for the plants not carrying out treatment of water-based liquid waste and
Section 2.3.6.1.2 for plants treating water-based liquid waste.

Cross-media effects
See the CWW BREF [ 45, COM 2016 ].

Technical considerations relevant to applicability
See the CWW BREF [ 45, COM 2016 ] for technical considerations relevant to the applicability
of individual techniques.

Economics
See the CWW BREF [ 45, COM 2016 ].

Driving force for implementation
Environmental legislation.

Example plants
See Sections 2.3.6.1.1 and 2.3.6.1.2.
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Reference literature
[ 93, Physico-Chem. Subgroup 2014 ], [ 29, PCT Subgroup 2015 ], [ 42, WT TWG 2014 1], [
45, COM 2016 ]

23.6.11 Environmental performance of all waste treatment plants except for those
treating water-based liquid waste

Table 2.26 to Table 2.30 below present the environmental performance of waste treatment
plants discharging directly to water for TSS, COD, TOC, nitrogen, phosphorus and phenols.
Table 2.31 to Table 2.40 show the environmental performance of waste treatment plants
discharging directly and indirectly to water for THC, HOI and metals (As, Cd, Cr, Cu, Pb, Ni,
Hg, Zn). Additional information, for example, on the processes, the techniques used, waste
input and output, can be found in each specific chapter (i.e. Chapter 3 for mechanical treatment
of waste, Chapter 4 for biological treatment of waste, and Chapter 5 for physico-chemical
treatment of waste).
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Table 2.26: Environmental performance of waste treatment plants directly discharging to water

(TSS)
Effluent Effluent Effluent
Waste . .
conc. conc. conc. Main techniques to
Plant code treatment - D
roCess Min. Average Max. prevent/reduce emissions
P (mg/) | (mg) | (mon)
Phys'.c 0- Filtration, Powdered activated
chemical carbon treatment, Decantation
172C_1 treatment of 0 5 7 ; ' '
- Intermediate storage before
waste with
e release
calorific value
Steam stripping (sour water
stripper - pretreatment unit to
Re-refining of WWTP), Equalisation,
620_1 waste oil 1 3 12 Skimming, Activated sludge
system - conventional, Filtration,
Sand filtration
Physico-
chemical Chemical precipitation,
427 treatment of 23 12 13 Sedimentation (ponds), Filtration,
solid and/or Activated carbon adsorption
pasty waste
Physico-
chemical
174C treatment of 5 14 27 Decantation, Buffer tanks
waste with
calorific value
Mechanical
treatment in Sedimentation (ponds), API oil-
478 shredders of 10 20 27 water separator system
metal waste
Physico-
chemical .
07980 81 82 | treatment of 1 14 28 Powdered activated carbon
. treatment
waste with
calorific value
Mechanical
464 W1 treatment in 8 16 30 Decantation, Oil and grease
- shredders of separator
metal waste
Aerobic
521 treatment of 36 36 36 Reed bed systems
waste
Mechanical
treatment in Buffer tanks, Decantation,
136 shredders of 20 4l 64 Parallel plate interceptor system
metal waste
Mechanical
464 W3 treatment in 4 18 64 Decantation, Oil and grease
- shredders of separator
metal waste
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Table 2.27: Environmental performance of waste treatment plants directly discharging to water

(TOC and COD)
Waste Effluent | Effluent | Effluent
Pollutant/ conc. conc. conc. Main techniques to
Plant code treatment - D
Parameter Min. Average Max. prevent/reduce emissions
process
(mg/1) (mg/1) (mgl)
Physico-
chemical Filtration, Powdered activated
172C 1 treatmer]t of coD 3 21 30 carbon trea}tment, Decantation,
- waste with Intermediate storage before
calorific release
value
Steam stripping (sour water
stripper - pretreatment unit to
Re-refining WWTP), Equalisation,
620_1 of waste oil cob 2 33 67 Skimming, Activated sludge
system - conventional, Filtration,
Sand filtration
Activated sludge systems -
Regeneration conventional, Coagulation,
170 of spent COD 100 100 100 Decantation, Flocculation,
solvents Powdered activated carbon
treatment, Aeration, Air stripping
Physico-
chemical
174C treatmer!t of COD 8 60 113 Decantation, Buffer tanks
waste with
calorific
value
Physico-
chemical
treatment of Powdered activated carbon
079_80_81 82 waste with CoD 15 45 140 treatment
calorific
value
Aerobic
521 treatment of COoD 175 175 175 Reed bed systems
waste
Physico-
chemical Chemical precipitation,
427 treatment of TOC 7.8 15.1 70.7 Sedimentation (ponds),
solid and/or Filtration, Adsorption
pasty waste
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Table 2.28: Environmental performance of waste treatment plants directly discharging to water
(nitrogen)
Waste Effluent Effluent Effluent
Plant Pollutant/ conc. conc. conc. Main techniques to
treatment - -
code Parameter Min. Average Max. prevent/reduce emissions
process
(mg/l) (mgfl) (mg/l)
Aerobic
609 treatment of Total N 0.0 0.3 15 Biological
waste
Aerobic
521 treatment of Total N 4.2 5.3 75 Reed bed systems
waste
Physico-
chemical Filtration, Powdered activated
172C_1 treatment of Total N 05 37 9.9 carbon treatment, Decantation,
waste with Intermediate storage before
calorific release
value
Mechanical
441 treatment in Total N 05 54 10.0 Sedimentation (ponds), API oil-
shredders of water separator system
metal waste
Anaerobic L .
341 1 treatment of Total N 05 5.8 11.0 Equalisation, Activated Sll.Jdge
system (SBR), Evaporation
waste
Steam stripping (sour water
stripper - pretreatment unit to
Re-refining ) WWTP), Equalisation,
620_1 of waste oil NHz-N 0.2 51 14.9 Skimming, Activated sludge
system - conventional, Filtration,
Sand filtration
Mechanical
478 treatment in Total N 58 8.8 21.0 Sedimentation (ponds), API oil-
shredders of water separator system
metal waste
Steam stripping (sour water
stripper - pretreatment unit to
Re-refining : : WWTP), Equalisation,
6201 | ofwasteoil | NO2/NOs 14 79 257 Skimming, Activated sludge
system - conventional, Filtration,
Sand filtration
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Table 2.29: Environmental performance of waste treatment plants directly discharging to water

(phosphorus)
Effluent Effluent Effluent
Waste . .
conc. conc. conc. Main techniques to
Plant code treatment - -
rocess Min. Average Max. prevent/reduce emissions
P (mo/) | (mg/) | (mg/)
Physico- Filtration, Powdered activated
chemical carbon treatment, Decantation
172C_1 treatment of 0.1 0.2 0.4 - ' '
. Intermediate storage before
waste with
e release
calorific value
Anaerobic N .
341 1 treatment of 0.1 0.3 0.5 Equalisation, Activated Sll.Jdge
system (SBR), Evaporation
waste
Activated sludge system -
Regeneration conventional, Coagulation,
170 of spent 1.0 1.0 1.0 Decantation, Flocculation,
solvents Powdered activated carbon
treatment, Aeration, Air stripping
Steam stripping (sour water
stripper - pretreatment unit to
Re-refining of WWTP), Equalisation,
620_1 waste oil 0.0 0.8 L Skimming, Activated sludge
system - conventional, Filtration,
Sand filtration
Mechanical
treatment in Sedimentation (ponds), API oil-
44l shredders of 0.2 10 2.0 water separator system
metal waste

Table 2.30: Environmental performance of waste treatment plants directly discharging to water

(phenols)
Waste Effluent Effluent Effluent ) -
Plant code treatment conc. conc. conc. Main tec niques to
process Min. Average Max. prevent/reduce emissions
(mg/l) (mg/l) (mgfl)
Steam stripping (sour water
stripper - pretreatment unit to
Re-refining of WWTP), Equalisation,
620_1 waste oil 0.01 0.04 0.04 Skimming, Activated sludge
system - conventional,
Filtration, Sand filtration
Physico-
chemical
174C treatment of 0.006 0.023 0.072 Decantation, Buffer tanks
waste with
calorific value
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Table 2.31: Environmental performance of waste treatment plants directly and indirectly
discharging to water (THC)
Waste Direct/ Effluent | Effluent | Effluent _ )
Plant code treatment indirect eonc. conc. conc. Main technlqueg t9
process discharge Min. Average Max. prevent/reduce emissions
(mg/l) (mg/) (mg/l)
Physico- Sieving, Electrocoagulation,
chemical Activated sludge system -
152C_1 treatment of Indirect 0.1 0.5 0.5 SBR (fixed bed
waste with technology), Sand filtration,
calorific value Flotation, Buffer tanks
Activated sludge system -
conventional, API oil-water
separator system, Chemical
6191 Re-refiqing of Indirect 10 07 10 oxid_a\tio_n, Decantatio_n,
waste oil Equalisation, Evaporation,
Flotation, Skimming, Steam
stripping, Powdered
activated carbon treatment
Physico-
chemical
174C treatment of Direct <0.05 0.5 2.1 Decantation, Buffer tanks
waste with
calorific value
Treatment of Chemical oxi_dgtio_n,
excavated _ Chemlcgl precipitation,
353 359 contaminated Indirect 0.1 1.3 3.0 Chem!cal reductlon.,
soil Coagulation, Decantation,
Filtration
Mechanical Cher_nical oxi_dzjltio_n,
treatment of _ Chemlc_al preC|p|t§1t|on,
361 363 1 - Indirect 0.1 13 3.0 Chemical reduction,
waste with - ;
calorific value Coagulatlgn, D_ecantatlon,
Filtration
Chemical oxidation (by
adding hydrogen peroxide,
sulphuric acid, sodium
hydroxide), Chemical
precipitation (by adding
sulphuric acid, ferric
Mechanical chloride, sodium hydrO)gide,
treatment in _ polyelectrolyte), Che_mlcal
364_365_1 Indirect 0.1 1.3 3.0 reduction (by adding
shredders of f Inhate. hvd
metal waste errous sulphate, hydrogen
peroxide, sulphuric acid,
sodium hydroxide),
Coagulation (with ferric
chloride, polyelectrolyte),
Decantation, Filtration
(sand and activated carbon
filter)
Mechanical
464W 1 treatment in Direct 20 33 40 Decantation, Oi! and grease
= shredders of separation
metal waste
Mechanical
464W 2 treatment in Direct 20 34 40 Decantation, Oi! and grease
= shredders of separation
metal waste
Mechanical
028 treatment in Indirect 0.3 2.3 5.0 Oil separation

shredders of
metal waste
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. Effluent | Effluent | Effluent
Waste Direct/ . .
g conc. conc. conc. Main techniques to
Plant code treatment indirect . D
rocess discharge Min. Average Max. prevent/reduce emissions
P (mg/l) | (mg) | (mg/)
Mechanical
464W 3 treatment in Direct 20 39 56 Decantation, Oil and grease
shredders of separator
metal waste
{\r/lei?%aenr:f?; Buffer tanks, Decantation,
136 Direct 15 3.3 6.1 Parallel plate interceptor
shredders of
system
metal waste
Mechanical
137 treatment in NI 0.2 2.1 7.3 Decantation, Filtration
shredders of
metal waste

NB: NI = No information.

Table 2.32: Environmental performance of waste treatment plants directly and indirectly
discharging to water (HOI)

Direct/ Effluent | Effluent | Effluent
Plant Waste treatment - conc. conc. conc. Main techniques to
indirect - o
code process discharge Min. Average Max. prevent/reduce emissions
%1 (mg/) | (mg) | (mgh)
Physico-chemical Filtration, Powdered activated
. carbon treatment,
172C_1 treatment pf_ waste Direct <0.1 0.3 0.5 Decantation, Intermediate
with calorific value
storage before release
Steam stripping, Skimming,
_ Flotation, Activated sludge
235 \I?V(;;i(;fgr;lmg of Indirect 0.1 0.5 1.7 system - conventional,
Nitrification/denitrification,
Press filtering
Mechanical
478 treatment in Direct 01 11 53 Sgdlmentatlon (ponds), API
shredders of metal oil-water separator system
waste
Equalisation, Sedimentation
. P, (ponds), API oil-water
605in | Re fe“”?'“g of Indirect 1.0 4.6 7.0 separator system, Membrane
2012 waste oil ' . o
bioreaction, Ultrafiltration,
Dewatering
{\r/leztirr]naenr:f?rl] Retention basin with
282C Indirect <0.1 <2 12.0 integrated sludge trap,
shredders of metal
waste Coalescence separator

138

Waste Treatment



Chapter 2

Table 2.33: Environmental performance of waste treatment plants directly and indirectly
discharging to water (arsenic)
Waste Direct/ Effluent | Effluent | Effluent _ )
L conc. conc. conc. Main techniques to
Plant code treatment indirect . o
roCess discharge Min. Average Max. prevent/reduce emissions
P (mg/l) | (mg/t) | (mgl)
Equalisation, Sedimentation
e (ponds), API oil-water separator
605 before | Re ref|r]|ng of Indirect <0.01 <0.01 <0.01 system, Activated sludge,
2012 waste oil - L
Aeration and clarification,
Dewatering
Equalisation, Sedimentation
605 in Re-refining of . (ponds), API oil-water separator
2012 waste oil Indirect <001 <001 <001 system, Membrane bioreaction,
Ultrafiltration, Dewatering
Phy5|p 0- Filtration, Powdered activated
chemical carbon treatment, Decantation
172C_1 treatment of Direct 0.000 0.007 0.010 ; ' '
. Intermediate storage before
waste with
e release
calorific value
Treatment of Chemical oxidation, Chemical
353 359 excavat_ed Indirect 0.010 0.010 0.010 preupltatlon,_ChemlcaI reQuctlon,
contaminated Coagulation, Decantation,
soil Filtration
Mechanical Chemical oxidation, Chemical
361.363_1 treatmer!t of Indirect 0.010 0.010 0.010 preupltatlon,.Chemlcal reductlon,
waste with Coagulation, Decantation,
calorific value Filtration
Chemical oxidation (by adding
hydrogen peroxide, sulphuric
acid, sodium hydroxide),
Chemical precipitation (by adding
sulphuric acid, ferric chloride,
Mechanical sodium hydroxide,
treatment in . polyelectrolyte), Chemical
364_365_1 shredders of Indirect 0.010 0.010 0.010 reduction (by adding ferrous
metal waste sulphate, hydrogen peroxide,
sulphuric acid, sodium
hydroxide), Coagulation (with
ferric chloride, polyelectrolyte),
Decantation, Filtration (sand and
activated carbon filter)
Mechanical
treatment in . Buffer tanks, Biological
0541 shredders of Indirect 0.000 0.001 0.019 treatment, Sand filtration
metal waste
Mechanical
243 biological Indirect | 0.005 | 0009 | 0.021 Nitrification/denitrification
treatment of
waste
Mechanical
257 1 biological Indirect 0.001 0.020 0.030 N|tr|f|cat|on/_den|t_r|f|cat|on,
- treatment of Ultrafiltration
waste
Decantation, Press filtering,
Treatment of Filtration, Active carbon
40 excavated Indirect 0.020 0.010 0.033 filtration/adsorption, pH control

contaminated
soil

and regulation with CO, injection,
Buffer tanks, Biological nutrient
removal

NB: NI = No information.
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Table 2.34: Environmental performance of waste treatment plants directly and indirectly
discharging to water (cadmium)
Waste Direct/ Effluent Effluent Effluent ) _
g conc. conc. conc. Main techniques to
Plant code treatment indirect - D
rocess discharge Min. Average Max. prevent/reduce emissions
P (mg/) (mg/) (mg/)
Mechanical
293C treatment in Indirect 0,010 0.010 0.010 Coglescence separator with
shredders of integrated sludge trap
metal waste
E/ilgf:aiggzlal Absorption,
244 9 Indirect 0.000 0.001 0.016 Nitrification/denitrification,
treatment of . .
Ultrafiltration
waste
Steam stripping, Skimming,
Re-refinin Flotation, Activated sludge
235 9 Indirect <0.02 <0.02 <0.02 system - conventional,
of waste oil P e
Nitrification/denitrification,
Press filtering
Mechanical
biological . Nitrification/denitrification,
257 1 treatment of Indirect 0.001 0.011 0.030 Ultrafiltration
waste
Mechanical
treatment in . Decantation, Flotation, Press
571 shredders of Indirect <005 <005 <005 filtering, Oil separation
metal waste
:;2:32& r&t of Decantation, Flocculation,
14 1 Indirect 0.000 0.008 0.055 Neutralisation, Sedimentation

contaminated
soil

(ponds)
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Table 2.35: Environmental performance of waste treatment plants directly and indirectly
discharging to water (chromium)
Waste Direct/ Effluent Effluent | Effluent ) _
L conc. conc. conc. Main techniques to
Plant code treatment indirect - o
rocess discharge Min. Average Max. prevent/reduce emissions
P (mg/) | (mg/) | (mg/)
Mechanical
257 1 biological Indirect 0.007 0.009 0010 N|tr|f|catlon/_denlt_rlflcatlon,
- treatment of Ultrafiltration
waste
{\r/lei\irr]::r:f?rll Retention basin with
282C Indirect <0.01 <0.01 0.010 integrated sludge trap,
shredders of
Coalescence separator
metal waste
Mechanical
478 treatment in Direct 0.003 0.006 0010 Se_dlmentatlon (ponds), API
shredders of oil-water separator system
metal waste
N
054 1 shredders of Indirect 0.000 0.001 0.011 Biological treatment,
Sand filtration
metal waste
Steam stripping, Skimming,
- Flotation, Activated sludge
235 5:;5?;2'2% Indirect <0.02 <0.02 <0.02 system - conventional,
Nitrification/denitrification,
Press filtering
Mechanical
4551 | reamentin o diect | 0.023 0.028 | 0.028 Decantation,
shredders of Oil separation
metal waste
Mechanical
456 treatmentin -\ direct | 0.023 0028 | 0.028 Decantation,
shredders of Oil separation
metal waste
Physico-
chemical
079.80_81_82 treatment of Direct 0.001 0.008 0037 Powdered activated carbon
waste with treatment
calorific
value
Mechanical
095C treatment in Indirect 0.003 0.019 0.047 API oil-water separator
shredders of system
metal waste
i\;leztirrl?:r:f?rl] Buffer tanks, Decantation,
136 Direct < 0.0025 <0.02 <0.05 Parallel plate interceptor
shredders of
system
metal waste
Steam stripping (sour water
stripper - pretreatment unit
Re-refining . to WWTP), Equalisation,
620_1 of waste oil Direct 0.002 0.040 0.050 Skimming, Activated sludge
system - conventional,
Filtration, Sand filtration
Mechanical Activated sludge system -
treatment of SBR. Chemical
487 waste with Indirect 0.018 0.036 0.063 LS A
e precipitation, Infiltration of
calorific r
value leachate in waste cells
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Mechanical
243 biological Indirect 0.008 0.040 0.085 Nitrification/denitrification
treatment of
waste
l';/ilsr:g;g;al Absorption,
244 Indirect 0.006 0.039 0.085 Nitrification/denitrification,
treatment of S
Ultrafiltration
waste
Equalisation, Sedimentation
i (ponds), API oil-water
605 before Re reflnlng Indirect <0.1 <0.1 <0.1 separator system, Activated
2012 of waste oil ’
sludge, Aeration and
clarification, Dewatering
Equalisation, Sedimentation
Re-refinin (ponds), API oil-water
605 in 2012 9 Indirect <0.1 <0.1 <0.1 separator system, Membrane
of waste oil " . . .
bioreaction, Ultrafiltration,
Dewatering
Mechanical
293C treatment in Indirect 0.050 0.067 0.101 Coglescence separator with
shredders of integrated sludge trap
metal waste
{\:Ieiir%aenr:f?rl] Decantation, Flotation,
571 Indirect <0.13 <0.13 <0.13 Press filtering, Oil
shredders of .
separation
metal waste
Decantation, Press filtering,
Treatment of Filtration, Active carbon
40 excavated Indirect 0.110 0.082 0.140 filtration/adsorption, pH

contaminated
soil

control and regulation with
CO; injection, Buffer tanks,
Biological nutrient removal
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Table 2.36: Environmental performance of waste treatment plants directly and indirectly
discharging to water (copper)
Efflu
Waste Direct/ Effluent Effluent ent ) _
L conc. conc. conc. Main techniques to
Plant code treatment indirect - o
rocess discharge Min. Average Max. prevent/reduce emissions
P (mg/l) (mg/)  |(mg/h)
Mechanical
571 treatment in Indirect 0.050 0.050 0.050 Dec_anta}tlon, Flotatlon,_Press
shredders of filtering, Oil separation
metal waste
Mechanical
434 1 | Diological Indirect | 63 0.063 0.063 Buffer tanks
treatment of discharge
waste
Chemical oxidation,
Treatment of - R
excavated _ Chemlcgl preC|p|t§t|on,
353 359 contaminated Indirect 0.010 0.036 0.083 Chemical reduction,
soil Coagulation, Decantation,
Filtration
Mechanical Cher_nlcal OX|_d§1t|o_n,
treatment of _ Chemlc_al preC|p|t§1t|on,
361 363 1 . Indirect 0.01 0.036 0.083 Chemical reduction,
waste with - ;
calorific value Coagulatlgn, D_ecantatlon,
Filtration
Chemical oxidation (by
adding hydrogen peroxide,
sulphuric acid, sodium
hydroxide),
Chemical precipitation (by
adding sulphuric acid, ferric
Mechanical chloride, sodium hydroxide,
treatment in polyelectrolyte),
364 365 1 Indirect 0.010 0.036 0.083 Chemical reduction (by
shredders of -
adding ferrous sulphate,
metal waste - .
hydrogen peroxide, sulphuric
acid, sodium hydroxide),
Coagulation (with ferric
chloride, polyelectrolyte),
Decantation,
Filtration (sand and activated
carbon filter)
{\r/lez(;rrl?:r:f?rl\ Buffer tanks, Decantation,
136 Direct 0.051 0.071 0.091 Parallel plate interceptor
shredders of
system
metal waste
Equalisation, Sedimentation
o, (ponds), API oil-water
605 before | Re ref”?'”g of Indirect <0.1 <0.1 <0.1 separator system, Activated
2012 waste oil !
sludge, Aeration and
clarification, Dewatering
Equalisation, Sedimentation
. e (ponds), API oil-water
605 in Re reflr_nng of Indirect <0.1 <0.1 <0.1 | separator system, Membrane
2012 waste oil ) . o
bioreaction, Ultrafiltration,
Dewatering
Activated sludge system -
conventional, Coagulation,
170 | PCT solvent Direct 0.06 0.07 0.10 | Decantation, Flocculation,
Powdered activated carbon
treatment, Aeration, Air
stripping
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Mechanical Actlvate(_j sludge' systgm -
biological _ convent!onal, Biological
127 Indirect 0.11 0.11 0.11 nutrient removal,
treatment of N . .
Ultrafiltration, Absorption,
waste
Landspread
Mechanical
137 | treatmentin NI 0.000 0.063 0.130 Decantation, Filtration
shredders of
metal waste
Physico-
chemical
174C treatment of Direct 0.01 0.09 0.2 Decantation, Buffer tanks
waste with
calorific value
Steam stripping, Skimming,
Re-refining of Flotation, Activated sludge
235 waste oil 9 Indirect 0.02 0.06 0.2 system - conventional,
Nitrification/denitrification,
Press filtering
Mechanical
treatment in . Decantation,
455 1 shredders of Indirect 0.117 0.241 0.241 Oil separation
metal waste
Mechanical
treatment in . Decantation,
456 shredders of Indirect 0.117 0.241 0.241 Oil separation
metal waste
Mechanical
treatment in - Sedimentation (ponds), API
a4l shredders of Direct 0.100 0.220 0.300 oil-water separator system
metal waste
Mechanical
treatment in . . .
028 shredders of Indirect 0.100 0.183 0.310 Oil separation
metal waste
Mechanical
095C treatment in Indirect 0.070 0197 0.353 API oil-water separator
shredders of system
metal waste
Mechanical
478 treatment in Direct 0.003 0.053 0.360 Se_dlmentatlon (ponds), API
shredders of oil-water separator system
metal waste
Mechanical
243 biological Indirect | 0.011 0.103 0.362 | Nitrification/denitrification
treatment of
waste
il
054 1 Indirect 0.000 0.101 0.430 Biological treatment,
shredders of o
Sand filtration
metal waste
Mechanical
treatment in
shredders of . . .
630W_2 WEEE Indirect 0.01 0.11 0.43 Filtration
containing
refrigerants
ggz:/?ti r;lt of Decantation, Flocculation,
14 1 . Indirect 0.012 0.184 0.464 | Neutralisation, Sedimentation
contaminated
soil (ponds)

NB: NI = No information.
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Table 2.37: Environmental performance of waste treatment plants directly and indirectly
discharging to water (lead)
Waste Direct/ Effluent Effluent Effluent ) _
g conc. conc. conc. Main techniques to
Plant code treatment indirect . D
rocess discharge Min. Average Max. prevent/reduce emissions
P (mg/l) (mg/l) (mg/l)
Steam stripping (sour water
stripper - pretreatment unit
Re-refinin to WWTP), Equalisation,
620 1 g Direct 0.0002 0.03 0.06 Skimming, Activated
- of waste oil
sludge system -
conventional, Filtration,
Sand filtration
Steam stripping,
Skimming, Flotation,
235 Re-reflnln_g Indirect <0.08 <0.08 <0.08 Actlvate_d sludge system -
of waste oil conventional,
Nitrification/denitrification,
Press filtering
l\:le?a?r]::r:f?rl] Sedimentation (ponds),
478 shredders of Direct 0.003 0.029 0.087 ?Z:e?%l-water separator
metal waste y
Mechanical Activated sludge system -
treatment of SBR, Chemical
487 \é\;eiztﬁf\i/zlth Indirect 0.004 0.016 0.13 precipitation, Infiltration of
leachate in waste cells
value
l\r/lei\ig’laenr:f?; Retention basin with
282C Indirect 0.010 0.056 0.140 integrated sludge trap,
shredders of Coalescence separator
metal waste P
l\r/lei\ig’laenr:f?; Buffer tanks, Decantation,
136 shredders of Direct 0.080 0.113 0.150 Ea;grlﬁl plate interceptor
metal waste y
l\r/le?actrr::r:f?rl] Buffer tanks,
054_1 Indirect 0.000 0.035 0.200 Biological treatment,
shredders of . .
Sand filtration
metal waste
Mechanical
456 treatmentin | | icect | 0.085 0230 | 0230 | Decantation,
shredders of Oil separation
metal waste
Mechanical
137 treatment in NI 0.000 0.134 0.236 Decantation, Filtration
shredders of
metal waste
Mechanical
243 biological Indirect | 0.006 0.068 0.242 | Nitrification/denitrification
treatment of
waste
Z;gggz; Tjt of Decantation, Flocculation,
14 1 - Indirect 0.000 0.035 0.244 Neutralisation,
contaminated . .
soil Sedimentation (ponds)
Mechanical
028 treatmentin =1\ direct | 0.080 0150 | 0.260 | Oil separation

shredders of
metal waste
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{\r/lez(;rr]naenr:tc?rl] Decantation, Flotation,
571 Indirect <0.3 <03 <0.3 Press filtering, Qil
shredders of .
separation
metal waste
Physico- Actlvate_d sludge systerp -
. conventional, Coagulation,
chemical . .
treatment of _ Flocculation, Flotation.
549 . Indirect 0.3 0.3 0.3 The plant does not have a
waste with ] o
e final clarifying system and
calorific ; .
no activated sludge line
value
return.
Mechanical
455 1 | reatmentin o iect | 0.057 0315 | 0315 | Decantation,
shredders of Oil separation
metal waste
NB: NI = No information.
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Table 2.38: Environmental performance of waste treatment plants directly and indirectly

discharging to water (nickel)

. Effluent Effluent Effluent
Waste Direct/ . .
L conc. conc. conc. Main techniques to
Plant code treatment indirect - o
rocess discharge Min. Average Max. prevent/reduce emissions
P (mg/l) (mg/l) (mg/l)
Steam stripping,
Skimming, Flotation,
235 Re-reflnlng Indirect 0.02 0.04 005 Activated slud_ge system -
of waste oil conventional,
Nitrification/denitrification,
Press filtering
{\r/lei\irr]::r:f?rll Retention basin with
282C Indirect <0.01 <0.02 0.060 integrated sludge trap,
shredders of
Coalescence separator
metal waste
Steam stripping (sour water
stripper - pretreatment unit
Re-refinin to WWTP), Equalisation,
620_1 g Direct 0.001 0.04 0.06 Skimming, Activated
of waste oil
sludge system -
conventional, Filtration,
Sand filtration
Mechanical
treatment in . Sedimentation (ponds), API
478 shredders of Direct 0.001 0.019 0.079 oil-water separator system
metal waste
Mechanical Activated sludge system -
treatment of SBR. Chemical
487 \é\;eiztﬁf\i/zlth Indirect 0.007 0.04 0.081 precipitation, Infiltration of
leachate in waste cells
value
Mechanical
treatment in . API oil-water separator
095C shredders of Indirect 0.014 0.047 0.093 system
metal waste
Equalisation,
Sedimentation (ponds), API
605 before Re-refining . oil-water separator system,
2012 of waste oil Indirect <01 <01 <01 Activated sludge, Aeration
and clarification,
Dewatering
Equalisation,
. Sedimentation (ponds), API
. Re-refining . -
605 in 2012 : Indirect <0.1 <0.1 <0.1 oil-water separator system,
of waste oil . :
Membrane bioreaction,
Ultrafiltration, Dewatering
Mechanical
257 1 biological Indirect 001 0.05 011 N|tr|f|catlon/_denlt_rlflcatlon,
treatment of Ultrafiltration
waste
Mechanical
293C treatment in Indirect 0.050 0.085 0.130 Coglescence separator with
shredders of integrated sludge trap
metal waste
Physico-
chemical
079 80 81 82 | reAmeNtor | phu 1 0049 0.085 0.141 Powdered activated
waste with carbon treatment
calorific
value
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Mechanical
243 biological Indirect 0.02 0.06 0.16 Nitrification/denitrification
treatment of
waste
Physico-
chemical
174C treatmer!t of Direct 0.01 0.11 0.31 Decantation, Buffer tanks
waste with
calorific
value
l';/ilsr:g;g;al Absorption,
244 Indirect 0.01 0.05 0.46 Nitrification/denitrification,
treatment of . .
Ultrafiltration
waste
Activated sludge system -
. conventional, Coagulation,
Regeneration Decantation, Flocculation
170 of spent Direct <05 <05 <05 " '
solvents Powdered activated carbon

treatment, Aeration, Air
stripping
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Table 2.39: Environmental performance of waste treatment plants directly and indirectly
discharging to water (mercury)

. Effluent Effluent Effluent
Waste Direct/ . .
Plant code treatment indirect eonc. conc. conc. Main technlque§ t9
process discharge Min. Average Max. prevent/reduce emissions
(mg/l) (mg/) (mg/l)
Mechanical Chemical oxidation,
treatment of Chemical precipitation,
361_363_1 waste with Indirect 0.0005 0.0005 0.0005 Chemical reduction,
calorific Coagulation, Decantation,
value Filtration
Chemical oxidation (by
adding hydrogen peroxide,
sulphuric acid, sodium
hydroxide),
Chemical precipitation (by
adding sulphuric acid,
ferric chloride, sodium
Mechanical hydroxide, polyelectrolyte),
treatment in . Chemical reduction (by
364 365 1 shredders of Indirect 0.0005 0.0005 0.0005 adding ferrous sulphate,
metal waste hydrogen peroxide,
sulphuric acid, sodium
hydroxide),
Coagulation (with ferric
chloride, polyelectrolyte),
Decantation,
Filtration (sand and
activated carbon filter)
weatmentin |  Bufer ank,
054 1 Indirect 0.0000 0.0001 0.0006 Biological treatment,
shredders of o
Sand filtration
metal waste
Physico-
chemical
079.80_81_82 treatment of Direct 0.0001 0.0003 0.0007 Powdered activated carbon
waste with treatment
calorific
value
First decantation and oil
Physico- separation, then the water
chemical is stored in a dedicated
148C treatment of Indirect 0,001 0,001 0,001 basin (minimum: 650 m®)
waste with before release by batch to
calorific an external water station.
value Controls are done before
each batch.
Mechanical
455 1 treatmentin | girect | 00001 | 00016 | 0.0016 Decantation,
shredders of Oil separation
metal waste
Mechanical
095C treatment in Indirect 0.0005 0.0008 0.0020 API oil-water separator
shredders of system
metal waste
Decantation, Press
filtering, Filtration, Active
Treatment of carbon
40 excavat_ed Indirect 0.001 0.001 0,002 filtration/adsorptipn, pH
contaminated control and regulation with
soil CO, injection, Buffer
tanks, Biological nutrient
removal
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Mechanical
243 biological Indirect 0.0001 0.0008 0.0027 Nitrification/denitrification
treatment of
waste
{\r/leztirr;aenr:tc?; Decantation, Flotation,
571 Indirect < 0.004 < 0.004 0.0040 Press filtering, Oil
shredders of .
separation
metal waste
Chemical oxidation,
Treatment of . L
excavated _ Chemlc_al preC|p|t§1t|0n,
353 359 - Indirect 0.005 0.005 0.005 Chemical reduction,
contaminated . )
. Coagulation, Decantation,
soil R
Filtration
mgr:;g:;al Absorption,
244 Indirect 0.0003 0.0006 0.0053 | Nitrification/denitrification,

treatment of
waste

Ultrafiltration
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Table 2.40: Environmental performance of waste treatment plants directly and indirectly

discharging to water (zinc)

Waste Direct/ Effluent | Effluent | Effluent Main techniques to
Plant code treatment indirect con. conc. conc. prevent/reduce
process discharge Min. Average Max. emissions
(mg/1) (mg/1) (mg/l)
First decantation and oil
Physico- separation, then the water
chemical is stored ina dedicated3
treatment of . basin (minimum: 650 m®)
148C waste with Indirect 0.02 0.05 0.10 before release by batch to
calorific an external water station.
value Controls are done before
each batch.
i\r/l eiizfgnlf?rll _ Decantatipn, _Flotati_on,
571 shredders of Indirect 0.10 0.10 0.10 Press fllterl_ng, Oil
separation
metal waste
Equalisation,
Sedimentation (ponds),
_ Re-refining _ API oil-water separator
605 in 2012 of waste oil Indirect <0.2 <0.2 <0.2 system, Membrane
bioreaction,
Ultrafiltration,
Dewatering
Equalisation,
Sedimentation (ponds),
605 before Re-refining - API oil-water separator
2012 of waste oil Indirect <02 <02 <02 system, Activated sludge,
Aeration and clarification,
Dewatering
L\)?s:?;r;g:lal _ o Al_)sorptio_n,_ o
244 Indirect 0.00 0.04 0.20 Nitrification/denitrificatio
treatment of o
n, Ultrafiltration
waste
Chemical oxidation,
Treatment of . S
excavated ' Chemlcgl preC|p|tz?1t|on,
353_359 . Indirect 0.01 0.10 0.27 Chemical reduction,
- contaminated - !
soil Coagulatlgn, Qecantatlon,
Filtration
Mechanical Chemical oxidation,
treatment of Chemical precipitation,
361 363 1 waste with Indirect 0.01 0.10 0.27 Chemical reduction,
calorific Coagulation, Decantation,
value Filtration
Chemical oxidation (by
adding hydrogen
peroxide, sulphuric acid,
sodium hydroxide),
Chemical precipitation
(by adding sulphuric acid,
ferric chloride, sodium
. hydroxide,
{\r/lez(;rrf:r:f?rll polyelectrolyte),
364 365 1 Indirect 0.01 0.10 0.27 Chemical reduction (by

shredders of
metal waste

adding ferrous sulphate,
hydrogen peroxide,
sulphuric acid, sodium
hydroxide),
Coagulation (with ferric
chloride, polyelectrolyte),
Decantation,
Filtration (sand and
activated carbon filter)
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Waste Direct/ Effluent | Effluent | Effluent Main techniques to
o conc. conc. conc.
Plant code treatment indirect - prevent/reduce
process discharge Min. Average Max. emissions
(mg/l) (mg/l) (mg/l)
Steam stripping,
Skimming, Flotation,

235 Re-refmmg Indirect 0.01 0.07 0.30 Activated slud_ge system -

of waste oil conventional,

Nitrification/denitrificatio

n, Press filtering
i\r/lez(;::?:n'f?:] Buffer tanks,
054 1 Indirect 0.04 0.17 0.40 Biological treatment,
shredders of . .
Sand filtration

metal waste

Activated sludge system -
Physico- conventional,
chemical Coagulation,

549 treatmer!t of Indirect 0.40 0.40 0.40 Flocculation, Flotation.
waste with The plant does not have a
calorific final clarifying system
value and no activated sludge

line return.

Mechanical

434 1 biological Indirect | 0.45 0.45 0.45 Buffer tanks
treatment of
waste
Physico-
chemical

174C treatmen_t of Direct 0.10 0.33 0.64 Decantation, Buffer tanks
waste with
calorific
value
Physico-
chemical

079_80_81_gp | reatmentof |, 0.09 0.26 0.69 Powdered activated

waste with carbon treatment
calorific
value
{\r/lezct:’?enr:f?rll Buffer tanks, Decantation,

136 Direct 0.48 0.61 0.77 Parallel plate interceptor

shredders of

system
metal waste
Mechanical
464 wp | eatmentin g 0.06 0.40 0.97 _ Decantation,
- shredders of Oil and grease separation

metal waste

Mechanical

biological . Nitrification/

243 treatment of Indirect 0.04 0.45 L17 denitrification
waste
Mechanical
treatment in . Decantation,

456 shredders of Indirect 0.55 1.30 1.30 Oil separation
metal waste
Mechanical Activated sludge system -
treatment of SBR. Chemical

487 waste with Indirect 0.05 0.18 1.40 o . .

e precipitation, Infiltration
calorific .
of leachate in waste cells
value
Mechanical
028 treatment in Indirect 0.60 1.03 1.50 Oil separation

shredders of
metal waste
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Waste Direct/ Effluent | Effluent | Effluent Main techniques to
L conc. conc. conc.
Plant code treatment indirect - prevent/reduce
process discharge Min. Average Max. emissions
(mg/l) | (mg/l) (mg/l)
Mechanical
464 w1 | eatmentin - piect | 0.10 0.46 151 _ Decantation,

shredders of Oil and grease separation
metal waste
Mechanical
treatment in . Decantation,

455 1 shredders of Indirect 154 154 154 Oil separation
metal waste
Mechanical
treatment in
shredders of . I

630W_2 WEEE Indirect 0.06 0.68 1.62 Filtration

containing
refrigerants
Z;Egg;ti rc]jt of Decantation, Flocculation,

14 1 contaminated Indirect 0.00 0.33 1.87 Neutralisation,
soil Sedimentation (ponds)
L\rﬂei?r;?:r:f?rl] Sedimentation (ponds),

478 Direct 0.03 0.48 1.90 API oil-water separator
shredders of

system
metal waste
2.3.6.1.2 Environmental performance of plants treating water-based liquid waste

Table 2.41 to Table 2.45 below present the environmental performance of plants treating water-
based liquid waste and directly discharging to water for TSS, COD, TOC, nitrogen, phosphorus
and phenols. Table 2.46 to Table 2.57 show the environmental performance of plants treating
water-based liquid waste and directly and indirectly discharging to water for THC, HOI, CN’,
AOX and metals (As, Cd, Cr, Cr(VI), Cu, Pb, Ni, Hg, Zn). Additional information on, for
example, the processes, the techniques used, waste input and output, can be found in

Section 5.7.
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Table 2.41: Environmental performance of water-based liquid waste treatment plants directly
discharging to water (TSS)

Effluent | Effluent | Effluent
conc. conc. conc.
Min. Average Max.

(mg/l) | (mg/l) | (mg/l)

Plant code Main techniques to prevent/reduce emissions

Activated sludge system - conventional,
Neutralisation, Decantation, Press filtering,
154 _155C 18 33 52 Chemical precipitation, Membrane extraction,

Flocculation, Aeration, Buffer tanks,
Centrifugation
Activated sludge system - conventional, Chemical
precipitation, Coagulation, Emulsion breaking,
569 1 10 30 32 Flocculation, Flotation, Press filtering,
Precipitation, Reverse osmosis system, Sand
filtration

Table 2.42: Environmental performance of water-based liquid waste treatment plants directly
discharging to water (COD and TOC)

Effluent | Effluent | Effluent
Pollutant/ conc. conc. conc. Main techniques to prevent/reduce
Parameter Min. Average Max. emissions

(mgfl) (mgfl) (mgfl)

Plant code

Activated sludge system -
conventional, Chemical
precipitation, Coagulation, Emulsion
369_1 cop 76 88 70 breaking, Flocculation, Flotation,
Press filtering, Precipitation, Reverse
osmosis system, Sand filtration

449 CcoD 17 75 162 _ Filtration,
Biological treatment

Activated sludge system -
conventional, Neutralisation,
154 155C ToC 39 52 69 De_cantatior_w,_Prgss filtering,

- Chemical precipitation, Membrane
extraction, Flocculation, Aeration,
Buffer tanks, Centrifugation
Buffer tanks,

ST 339 ST: 122 13;:4 Wet oxidation, Neutralisation,
COD o LT: y Distillation/Rectification,
LT:67.3 122.4 LT. Decantation, Activated sludge
368 369 370 371 1 ' 134.7 ' g
_00J_o/U_o/l_ ST 102 system,
TOC e ST: 40.8 . Biological nutrient removal,
LT: 205 : ST: 48.9 RS- e
LT: 40.7 ) Nitrification/denitrification,
LT: 46.5 . - .
Sedimentation, Dewatering
ST:30 | ST:184 | ST:326 Activated sludge system -
140_141_142_143C_1 Toc LT:132 | LT:180 | LT: 229 conventional, Ultrafiltration

NB:
ST: short-term average.
LT: long-term average.
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Table 2.43: Environmental performance of water-based liquid waste treatment plants directly
discharging to water (nitrogen)

Effluent | Effluent | Effluent
Pollutant/ conc. conc. conc. Main techniques to prevent/reduce
Plant code : s
Parameter Min. Average Max. emissions
(ma/1) (mg/1) (mg/1)
NO,/NO3’ 0.07 9.6 35 Activated sludge system -
140_141_142 143C 1 TKN 11 81 194 conventional, Ultrafiltration
Buffer tanks,
Wet oxidation, Neutralisation,
Distillation/Rectification,
NH;-N 0.1 2.1 7.3 Decantation, Activated sludge
368_369_370_371_1 NO,/NO;5 <1 25 11 system,
Biological nutrient removal,
Nitrification/denitrification,
Sedimentation, Dewatering
o |z | s | s | BT Ao e
392 NO.IEéNNog’ 0'20606 0504115 Oiiz Nitrification/denitrification,
' ' Sedimentation (ponds)
Total N 13 359 100 Buffer tanks, Actlvatgd sludge
system - conventional,
393 NH;-N 0.05 0.8 3.1 Nitrification/denitrificati
TKN 738 131 19 itri |pat|0n .enltrl ication
Sedimentation (ponds)
Chemical precipitation, Flotation,
423 424 NH;3-N 19 92 92 Activated sludge system -
- NO,/NO;’ 2 3 3 conventional, Moving-bed trickling
filter system
Filtration,
449 NHs-N 2.0 101 182 Biological treatment
Activated sludge system -
conventional, Chemical
569 1 Total N 76 124 102 precipitation, Coagul_atlon, Emu_lsmn
breaking, Flocculation, Flotation,
Press filtering, Precipitation, Reverse
osmosis system, Sand filtration
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Table 2.44: Environmental performance of water-based liquid waste treatment plants directly
discharging to water (phosphorus)

Effluent | Effluent | Effluent

conc. conc. conc. . . -
Plant code - Main techniques to prevent/reduce emissions
Min. Average Max.

(mg/l) | (mg/l) | (mg/l)

Filtration,
449 03 03 03 Biological treatment

Activated sludge system - conventional, Chemical
precipitation, Coagulation, Emulsion breaking,
569_1 0.7 0.7 0.7 Flocculation, Flotation, Press filtering, Precipitation,
Reverse osmosis system, Sand filtration

Buffer tanks, Activated sludge system -

392 0.2 0.9 1.9 conventional, Nitrification/denitrification,
Sedimentation (ponds)
Buffer tanks, Activated sludge system -
393 0.4 15 3.3 conventional, Nitrification/denitrification,

Sedimentation (ponds)

Buffer tanks,

Wet oxidation, Neutralisation,
Distillation/Rectification, Decantation, Activated
368_369_370 371 1 ﬂ g? SLTT':Z'Zl ﬂ gzi ~ sludge system,
Biological nutrient removal,
Nitrification/denitrification, Sedimentation,
Dewatering

NB:

ST: short-term average.
LT: long-term average.

Table 2.45: Environmental performance of water-based liquid waste treatment plants directly
discharging to water (phenols)

Effluent Effluent Effluent

conc. conc. conc. Main techniques to prevent/reduce
Plant code - o
Min. Average Max. emissions
(mg/1) (mg/1) (mg/1)
Buffer tanks,

Wet oxidation, Neutralisation,
Distillation/Rectification, Decantation
ST:<0.05 | ST:<0.06 | ST:<0.07 . ! !
368 369 370 371 1 LT <005 | LT <005 | LT <006 Actlv_ated sIut;igesystem,
Biological nutrient removal,
Nitrification/denitrification,

Sedimentation, Dewatering
ST:0 ST:0.03 ST:0.24 Activated sludge system - conventional,
140_141 142 143C 1 LT: 0.001 LTL 0.03 LT:0.05 Ultrafiltration

Activated sludge system - conventional,
Chemical precipitation, Coagulation,
Emulsion breaking, Flocculation,
Flotation, Press filtering, Precipitation,

Reverse osmosis system, Sand filtration
NB:

ST: short-term average.
LT: long-term average.

569 1 0.3 0.3 0.3
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Table 2.46: Environmental performance of water-based liquid waste treatment plants directly
and indirectly discharging to water (THC and HOI)

Plant code

Direct/
indirect
discharge

Pollutant/
parameter

Effluent
conc.
Min.

(mg/)

Effluent
conc.
Average

(mgl)

Effluent
conc.
Max.

(mg/l)

Main techniques to
prevent/reduce emissions

140_2W_Al_INORG

Direct

THC

0.1

0.1

0.1

Inorganics:
Detoxication (CN and
Cr(V1)), Neutralisation

(including nitric and
sulphuric acid), Dissolution
(oxidisers), Metal
precipitation in hydroxides,
Biological treatment,
Ultrafiltration.

140_3W_Al_ORG

Direct

THC

0.1

0.1

0.1

Organics:
Separation by centrifugation,
Evapo-condensation, MCV,
Emulsion breaking by
coagulation, Flocculation,
(air) Flotation, Biological
treatment by buffer tank,
Activated sludge system -
conventional, Finishing by
Ultrafiltration, Sand
filtration.

148C

Indirect

THC

<0.1

<0.1

0.1

Oil separation

149_150C

Indirect

THC

<0.1

<0.1

0.1

Decantation

194C

Indirect

THC

0.05

0.1

0.2

Activated sludge system -
conventional, Ultrafiltration

03

Indirect

THC

0.24

1.58

0.63

Emulsion breaking,
Ultrafiltration,
Neutralisation,

Biological treatment

194C_Al

Indirect

THC

0.05

0.25

Organics:
Separation by centrifugation,
Decantation, Qil separation,
MCV, Emulsion breaking by
coagulation, Flocculation,
(air) Flotation, Biological
treatment by buffer tank,
Activated sludge system -
conventional, Bio-membrane,
0, addition, Finishing by
ultrafiltration

468_1_Al

NI

HOI

0.8

1.2

Inorganics: Detoxification,
Neutralisation, Chemical
precipitation.

Organics: Centrifugation,
Decantation, Oil separation,
Buffer tanks, Bio-membrane.
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Plant code

Direct/
indirect
discharge

Pollutant/
parameter

Effluent
conc.
Min.

(mg/1)

Effluent
conc.
Average
(mg/)

Effluent
conc.
Max.

(mg/l)

Main techniques to
prevent/reduce emissions

368 369 370 371 1

Direct

THC

ST: <1
LT: <1

ST: <1.2
LT: <1.2

ST:
<1.3
LT:
<1.3

Buffer tanks,

Wet oxidation,
Neutralisation,
Distillation/Rectification,
Decantation, Activated
sludge system,
Biological nutrient removal,
Nitrification/denitrification,
Sedimentation, Dewatering

140_141_142_143C_1

Direct

THC

ST: 0.1
LT:0.1

ST:0.12
LT:0.1

ST: 1.3
LT:0.1

Activated sludge system -
conventional, Ultrafiltration

351_352

Indirect

THC

0.1

0.5

Coagulation, Flocculation,
Chemical precipitation,
Sedimentation (ponds),

Neutralisation

317_Al

Indirect

NI

21

2.1

21

Inorganics:
Detoxication (CN, Cr(V1)),
Neutralisation (including
nitric and sulphuric acid),
Precipitation (in hydroxides,
in sulphides), Activated
carbon if needed.
Organics:
Separation by centrifugation,
Emulsion breaking by
flocculation, Finishing by
active carbon filter.

08

Indirect

THC

0.74

See
remarks

2.37

Oil separation,
Neutralisation,, Precipitation
Filtration, Activated sludge

system - SBR, Adsorption

156C_1W

Direct

THC

0.05

0.65

2-phase centrifugation, 3-
phase centrifugation,
Emulsion breaking (Organic
physico-chemical treatment),
Membrane bioreactor using
ultrafiltration membranes
(UF), Nanofiltration,
Deconditioning, Detoxication
(reduction of the Cr(V1),
oxidation of the cyanides or
phenols), Neutralisation,
Metals precipitation, Sludges
filtration, Biological
treatment (activated sludge),
Adsorption on activated
carbon

215 1

Indirect

HOI

0.04

14

3.1

Emulsion breaking,
Buffer tanks,
Dewatering,

Filtration,
Flocculation
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Plant code

Direct/
indirect
discharge

Pollutant/
parameter

Effluent
conc.
Min.

(mg/)

Effluent
conc.
Average
(mg/)

Effluent
conc.
Max.

(mg/l)

Main techniques to
prevent/reduce emissions

217_Al

Indirect

HOI

2.1

4.7

Inorganics: Detoxication
(CN, Cr(V1)), Neutralisation
(including nitric and
sulphuric acid), Precipitation
(in hydroxides, in sulphides),
Stripping.
Organics: Separation by
centrifugation, Decantation,
Oil separation, Emulsion
breaking by coagulation,
Flocculation, Finishing by
vacuum rotating drum,
adsorbers and stripping when
needed

322

Indirect

HOI

4.1388889

Emulsion breaking, Chemical
oxidation, Chemical
reduction, Neutralisation,
Chemical precipitation, Press
filtering

156C_2W

Indirect

THC

0.05

0.55

6.24

2-phase centrifugation, 3-
phase centrifugation,
Emulsion breaking (Organic
physico-chemical treatment),
Membrane bioreactor using
ultrafiltration membranes
(UF), Nanofiltration,
Deconditioning, Detoxication
(reduction of the Cr(V1),
oxidation of the cyanides or
phenols), Neutralisation,
Metals precipitation, Sludges
filtration, Biological
treatment (activated sludge),
Adsorption on activated
carbon

159C

Indirect

THC

0.34

Activated sludge system -
conventional, Ultrafiltration

151C

Indirect

THC

0.05

0.4

7.1

Activated sludge system -
conventional, Ultrafiltration

NB:

ST = Short-term average.
LT = Long-term average.
NI = No information.
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Table 2.47: Environmental performance of water-based liquid waste treatment plants directly
and indirectly discharging to water (cyanide)

Effluent
conc.
Min.

(mg/1)

Direct/
indirect
discharge

Plant code

Effluent
conc.
Average

(mg/l)

Effluent
conc.
Max.

(mg/l)

Main techniques to prevent/reduce
emissions

215 Indirect <0.02

<0.02

<0.03

Emulsion breaking,
Buffer tanks,
Dewatering,

Filtration,
Flocculation

217 Indirect 0.05

0.05

0.05

Adsorption, Aeration, Air stripping,
Buffer tanks, Centrifugation, Chemical
oxidation, Chemical precipitation,
Chemical reduction, Dewatering,
Emulsion breaking, Press filtering,
Skimming, Neutralisation

156C_1W Direct 0.005

0.014

0.063

2-phase centrifugation, 3-phase
centrifugation, Emulsion breaking
(Organic physico-chemical treatment),
Membrane bioreactor using ultrafiltration
membranes (UF), Nanofiltration,
Deconditioning, Detoxication (reduction
of the Cr(VI1), oxidation of the cyanides or
phenols), Neutralisation, Metals
precipitation, Sludges filtration, Biological
treatment (activated sludge), Adsorption
on activated carbon

07 Indirect 0.055

0.0676667

0.078

Activated sludge system - SBR,
Flocculation, Emulsion breaking, Press
filtering

156C_2wW Indirect 0.005

0.026

0.092

2-phase centrifugation, 3-phase
centrifugation, Emulsion breaking
(Organic physico-chemical treatment),
Membrane bioreactor using ultrafiltration
membranes (UF), Nanofiltration,
Deconditioning, Detoxication (reduction
of the CrVI, oxidation of the cyanides or
phenols), Neutralisation, Metals
precipitation, Sludges filtration, Biological
treatment (activated sludge), Adsorption
on activated carbon

317 Indirect 0.01

0.045

0.1

Absorption, Aeration, Buffer tanks,
Centrifugation, Chemical oxidation,
Chemical precipitation, Chemical
reduction, Dewatering, Emulsion
breaking, Neutralisation, Press filtering

148C Indirect 0.1

0.1

0.1

Oil separation

322 Indirect 0.1

0.1

0.1

Emulsion breaking, Chemical oxidation,
Chemical reduction, Neutralisation,
Chemical precipitation, Press filtering
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Table 2.48: Environmental performance of water-based liquid waste treatment plants directly
and indirectly discharging to water (AOX)

Plant code

Direct/
indirect
discharge

Effluent
conc.
Min.

(mg/1)

Effluent
conc.
Average

(mg/l)

Effluent
conc.
Max.

(mg/l)

Main techniques to prevent/reduce
emissions

215 1

Indirect

0.1

0.2

0.3

Emulsion breaking,
Buffer tanks,
Dewatering,

Filtration,
Flocculation

317_Al

Indirect

0.1

0.3

0.4

Inorganics:

Detoxication (CN, Cr(VI)), Neutralisation
(including nitric and sulphuric acid),
Precipitation (in hydroxides, in sulphides),
Activated carbon if needed.
Organics:

Separation by centrifugation, Emulsion
breaking by flocculation, Finishing by
active carbon filter.

154_155C

Direct

0.02

0.14

0.5

Activated sludge system - conventional,
Neutralisation, Decantation, Press
filtering, Chemical precipitation,

Membrane extraction, Flocculation,

Aeration, Buffer tanks, Centrifugation

215 1 Al

Indirect

<01

<0.2

0.5

Inorganics:

Detoxication (Cr(V1)), Neutralisation
(including nitric and sulphuric acid),
Dissolution (oxidisers), Precipitation (in
hydroxides, in sulphides), lon exchange
resins, Evaporation, Gravel filtration.
Organics:

Separation by oil separation, Evapo-
concentration, Emulsion breaking by
coagulation, Flocculation, Finishing by
sand filtration, Gravel filtration.

217 Al

Indirect

0.1

0.4

0.5

Inorganics: Detoxication (CN, Cr(VI)),
Neutralisation (including nitric and
sulphuric acid), Precipitation (in
hydroxides, in sulphides), Stripping.
Organics: Separation by centrifugation,
Decantation, Oil separation, Emulsion
breaking by coagulation, Flocculation,
Finishing by vacuum rotating drum,
adsorbers and stripping when needed.

317

Indirect

0.0

0.3

0.7

Absorption, Aeration, Buffer tanks,
Centrifugation, Chemical oxidation,
Chemical precipitation, Chemical
reduction, Dewatering, Emulsion
breaking, Neutralisation, Press filtering

322

Indirect

0.1

0.5

Emulsion breaking, Chemical oxidation,
Chemical reduction, Neutralisation,
Chemical precipitation, Press filtering
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Table 2.49: Environmental performance of water-based liquid waste treatment plants directly
and indirectly discharging to water (arsenic)

. Effluent | Effluent | Effluent
Direct/ . .
o conc. conc. conc. Main techniques to prevent/reduce
Plant code indirect - D
discharge Min. Average Max. emissions
(mg/1) (mg/1) (mg/1)
144_145_147C Direct 0.001 001 0.01 Coagulation, Flocculatl_on, Precipitation,
Decantation
Inorganics:
Detoxication (CN, Cr(VI)), Neutralisation
(including nitric and sulphuric acid),
Precipitation (in hydroxides, in
317_Al Indirect 0.01 0.01 0.01 sulphides), Activated carbon if needed.
Organics:
Separation by centrifugation, Emulsion
breaking by flocculation, Finishing by
active carbon filter.
Coagulation, Flocculation, Chemical
351 352 Indirect 0.0095 0.01 0.01 precipitation, Sedimentation (ponds),
Neutralisation
Oil separation, Neutralisation,
08 Indirect NI 0.01 0.01 Precipitation, Filtration, Activated sludge
system - SBR, Adsorption
Activated sludge system - SBR,
07 Indirect 0.015 0.015 0.015 Flocculation, Emulsion breaking, Press
filtering
473 Indirect | 0044 | 0011 | 0.025 Activated sludge system - SBR,
Evaporation
Absorption, Aeration, Buffer tanks,
Centrifugation, Chemical oxidation,
317 Indirect 0.01 0.02 0.03 Chemical precipitation, Chemical
reduction, Dewatering, Emulsion
breaking, Neutralisation, Press filtering
Emulsion breaking, Chemical oxidation,
322 Indirect 0.02 0.02 0.03 Chemical reduction, Neutralisation,
Chemical precipitation, Press filtering
Ultrafiltration,
421 422 Direct 0.005 0.013 0.03 Nanofiltration,
Biological treatment
Emulsion breaking,
03 Indirect 0 0.024 | 0.035 Ultrafiltration,

Neutralisation,
Biological treatment
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393

Direct

0.005

0.024

0.044

Buffer tanks, Activated sludge system -
conventional, Nitrification/denitrification,
Sedimentation (ponds)

140_3W_Al_ORG

Direct

0.02

0.05

Organics:

Separation by centrifugation, Evapo-
condensation, MCV, Emulsion breaking
by coagulation, Flocculation, (air)
Flotation, Biological treatment by buffer
tank, Activated sludge system -
conventional, Finishing by ultrafiltration,
Sand filtration

151C

Indirect

0.05

0.05

0.05

Activated sludge system - conventional,
Ultrafiltration

154_155C

Direct

0.01

0.03

0.06

Activated sludge system - conventional,
Neutralisation, Decantation, Press
filtering, Chemical precipitation,

Membrane extraction, Flocculation,
Aeration, Buffer tanks, Centrifugation

392

Direct

0.009

0.023

0.073

Buffer tanks, Activated sludge system -
conventional, Nitrification/denitrification,
Sedimentation (ponds)

347

Indirect

0.001

0.0153

0.082

Emulsion breaking,
Precipitation,
Filtration

140_141_142_143C_1

Direct

ST:0

ST:0.01
LT: 0.008

ST:0.08

0.025

Activated sludge system - conventional,
Ultrafiltration

401_404_2W

Indirect

0.1

0.1

0.1

Aeration, Buffer tanks, Coagulation,
Centrifugation, Detoxification,
Dewatering, Filtration, Flocculation,
Flotation, Skimming

463 1

Indirect

0.07

0.09

0.1

NI

463_1_Al

Indirect

0.07

0.09

0.1

Organics: Centrifugation, Decantation,
Oil separation, Evaporation, Separation,
Coagulation, Flocculation.
Inorganics: Detoxification, Neutralisation,
Dissolution (oxidisers), Precipitation,
Evaporation.

569 1

Direct

0.01

0.1

0.1

Activated sludge system - conventional,
Chemical precipitation, Coagulation,
Emulsion breaking, Flocculation,
Flotation, Press filtering, Precipitation,
Reverse osmosis system, Sand filtration
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04

Indirect

<0.1

<01

<01

Air stripping, Neutralisation, Chemical
reduction, Chemical oxidation

215 1 Al

Indirect

<0.1

<01

<0.1

Inorganics:

Detoxication (Cr(V1)), Neutralisation
(including nitric and sulphuric acid),
Dissolution (oxidisers), Precipitation (in
hydroxides, in sulphides), lon exchange
resins, Evaporation, Gravel filtration.
Organics:

Separation by oil separation, Evapo-
concentration, Emulsion breaking by
coagulation, Flocculation, Finishing by
sand filtration, Gravel filtration.

471 1 Al

Indirect

<0.1

<01

<01

Inorganics: Detoxification, Neutralisation,
Chemical precipitation.

Organics: Evaporation, Coagulation,
Flocculation, Activated sludge system,
Nitrification/denitrification.

368 369 370 371 1

Direct

ST:
<0.1
LT:
<0.1

ST:
<0.102
LT:
<0.103

ST:
<0.105
LT:
<0.105

Buffer tanks,

Wet oxidation, Neutralisation,
Distillation/Rectification, Decantation,
Activated sludge system,
Biological nutrient removal,
Nitrification/denitrification,
Sedimentation, Dewatering

NB:

ST = Short-term average.
LT = Long-term average.
NI = No information.
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Table 2.50: Environmental performance of water-based liquid waste treatment plants directly
and indirectly discharging to water (cadmium)

Plant code

Direct/
indirect
discharge

Effluent
conc.
Min.

(mg/1)

Effluent
conc.
Average

(mg/l)

Effluent
conc.
Max.

(mg/l)

Main techniques to prevent/reduce
emissions

347

Indirect

0.00

0.00

0.01

Emulsion breaking,
Precipitation,
Filtration

07

Indirect

0.00

0.01

0.02

Activated sludge system - SBR,
Flocculation, Emulsion breaking, Press
filtering

486

Direct

0.00

0.00

0.02

Decantation, Buffer tanks, Filtration,
Ultrafiltration, Reverse osmosis system,
Evaporation, Neutralisation

03

Indirect

0.02

0.03

0.03

Emulsion breaking,
Ultrafiltration,
Neutralisation,

Biological treatment

153C

Indirect

0.00

0.00

0.04

Neutralisation: acid-base neutralisation
within a hybrid physico-chemical process
including destabilisation, centrifugation,
evaporation, solid-liquid separation steps
for waste emulsions treatment, and acid-
base neutralisation of the resulting
clarified water phase.
Biological nutrient removal:
Microbiological conversion of residual
organic content in the water phases
originating from the previous physico-
chemical steps.

154_155C

Direct

0.01

0.02

0.04

Activated sludge system - conventional,
Neutralisation, Decantation, Press
filtering, Chemical precipitation,

Membrane extraction, Flocculation,
Aeration, Buffer tanks, Centrifugation

216

Indirect

0.05

0.05

0.05

Absorption, Buffer tanks, Decantation,
Emulsion breaking, Evaporation,
Filtration, Ultrafiltration, Vacuum

distillation

317

Indirect

0.01

0.04

0.05

Absorption, Aeration, Buffer tanks,
Centrifugation, Chemical oxidation,
Chemical precipitation, Chemical
reduction, Dewatering, Emulsion
breaking, Neutralisation, Press filtering

317_Al

Indirect

0.05

0.05

0.05

Inorganics:

Detoxication (CN, Cr(V1)), Neutralisation
(including nitric a