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Executive Summary

EXECUTIVE SUMMARY

The BAT (Best Available Techniques) Reference Document (BREF), entitled ‘Waste
Treatments Industries’ reflects an information exchange carried out under Article 16(2) of
Council Directive 96/61/EC (IPPC Directive). This executive summary describes the main
findings, a summary of the principal BAT conclusions and the associated emission/consumption
levels. It should be read in conjunction with the preface, which explains this document’s
objectives; how it is intended to be used and legal terms.

This executive summary can be read and understood as a standalone document but, as a
summary, it does not present all the complexities of this full document. It is therefore not
intended as a substitute for this full document as a tool in BAT decision making.

Scope of this document

This document, together with other BREFs in the series, is intended to cover the activities
described in Section 5 of Annex I of the IPPC Directive, namely ‘waste management’. Another
BREF covers waste incineration and some thermal waste treatments such as pyrolysis and
gasification (point 5.2 of Annex I of the Directive). Although point 5.4 of Annex I includes
waste landfills, this document does not cover BAT for landfills.

The Recovery (R) and Disposal (D) (R/D) codes of Annexes Il A and II B of Directive
75/442/EEC which refer to the IPPC Directive changed according to the Commission Decision
96/350/EC. Because this last amendment corresponds to the most recent classification of R/D
operation codes, the following table reflects, in agreement with the view of the IEF and TWG
and following the aim of the IPPC Directive, the type of waste operation codes that are covered
in this document.

- R/D code

Waste treatment activity 96/350/EC
Use of waste principally as a fuel or other means to generate energy R1
Solvent reclamation/regeneration R2
Recycling/reclamation of other inorganic materials (excluding metals and metal RS
compounds covered in other recovery treatments (namely R4)
Regeneration of acids or bases R6
Recovery of components used for pollution abatement R7
Recovery of components from catalysts RS8
Oil re-refining or other uses of oil R9
Exchange of wastes for submission to some recovery operations (numbered R1 to R11) R12
Storage of wastes pending some recovery operations (numbered R1 to R12) (excluding R13

temporary storage, pending collection, on the site where it is produced)

Biological treatment not specified elsewhere in Annex II of 96/350/EC which results in
final compounds or mixtures which are discarded by means of some of the disposal D8
operations (numbered D1 to D12)

Physico-chemical treatment not specified elsewhere in Annex II of 96/350/EC which

results in final compounds or mixtures which are discarded by means of some of the D9
disposal operation (numbered D1 to D12) (e.g. evaporation, drying, calcination, etc.)

Blending or mixing prior to submission to some disposal operations (numbered D1 to DI3
D12)

Repacking prior to submission to some disposal operations (numbered D1 to D13) D14
Storage pending any of the disposal operations (numbered D1 to D14) (excluding D15

temporary storage, pending collection, on the site where it is produced)

Waste treatment activities covered in this document
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Executive Summary

A full ‘life cycle assessment’ 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. IPPC is not intended
to address these analyses but focuses instead on installations. For example, minimisation of the
amount and/or toxicity of the waste produced at source in industrial installations is intrinsic to
IPPC and is covered by each industrial sector BREF (see list on the reverse of the title page 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 given 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.

There are some views that the scope of this document should cover all waste treatment activities
now available in the waste sector. Their view was based on three rationales: first, the technical
characteristics of such additional treatments are very similar if not equal to some of the
treatments covered in this document; secondly they maintain that such issues may benefit the
competitiveness of some waste treatments not covered by IPPC because such installations may
be allowed to operate at less stringent environmental standards than required by BAT; and third
it may be interpreted that because these treatments are not covered, no BAT can be determined
and that they cannot run under BAT conditions.

Scope of this document should not be interpreted as any attempt to interpret IPPC Directive or
any waste legislation.

General information on the waste treatment sector

The waste sector is highly regulated in the EU. For this reason, many legal definitions of terms
commonly used in this sector are available. Waste treatment installations contain operations for
the recovery or disposal of waste. Waste treatment installations are not typically considered to
produce a product like other industrial sectors. Instead, it is typically considered that they
provide services to society to handle their waste materials. However, it is recognised that some
waste treatments may result in some products. As it is shown in the next table, more than 14000
waste treatment installations exist in the EU. It is clear from the table that the physico-chemical
installations represent the majority of WT installations.

Waste treatment Number of known installations

Physico-chemical treatments 9907

Waste transfer 2905

Biological treatments 615

Preparation and use of waste oil as fuel 274

Waste fuel preparation 266

Inorganic waste treatment (excluding metals) 126

Waste solvent treatment 106

Re-refining of waste oil 35

Activated carbon treatment 20

Recovery of pollution abatement 20

Waste catalyst treatment 20

Waste acid/base treatment 13

TOTAL 14307

Note: Figures in this table may be different to actual numbers mainly due to two reasons: On the one
hand, these figures underestimate the number of installations in Europe because some EU countries have
not reported their number of installations. On the other side, these numbers typically include all
capacities so the number of installations falling under IPPC may be lower.

Reported waste treatment installations in the EU
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Executive Summary

Applied techniques, emissions and consumptions in the waste treatment sector

This document provides an updated picture of the technical and environmental situation of the
waste treatment sector covered. It contains a brief technical description of the activities and
processes found in the sector and is complemented by the actual emissions and consumptions
found in the installations. More concretely, the information in this document describes:

e commonly applied techniques such as generic management of installations, reception,
acceptance, traceability, quality assurance, storage and handling, energy systems

e biological treatments such as anaerobic and aerobic digestion and off-site biotreatment of
soil

e physico-chemical treatments applied to waste waters, waste solids and sludges

e recovery of materials from waste such as regeneration of acids and bases, catalysts,
activated carbon, solvents and resins as well as re-refining of waste oils

e preparation solid/liquid waste fuel from non-hazardous and hazardous waste

e cmission abatement treatments to air, waste water and residues generated in the WT
installations).

This document also identifies the key environmental issues for the waste treatment sector. These
are related with air emissions, emission to water, waste and soil contamination. However, due to
the variety of waste treatments and types of waste involved, not all types of emissions are
relevant for all waste treatments. For example, the emissions from the physico-chemical
treatment of waste water are mainly related to waste water and the regeneration of activated
carbon is mainly related to air emissions. These types of specifities are shown in this document
and can guide the reader to recognise the main environmental issues for each type of
installation.

Techniques to consider in the determination of BAT

940 techniques are actually included and considered in the determination of BAT. Some other
techniques may not been included simply because information has not been provided. The
techniques included have been analysed following the same outline. Such an analysis is reported
for each technique with a brief description, the achieved environmental benefits, the cross-
media effects, the operational data, the applicability and economics. In some cases, the driving
force for implementation has been explored and examples of WT installations using such
techniques are reported. The analysis of the techniques ends with the reference literature
supporting the data in Chapter 4. The techniques have been structured in eight sections. The first
one is related to generic techniques and the last three are related to end-of-pipe techniques
applied in the sector. The four middle sections refer to different specific waste treatments.

Due to the high number and variety of techniques considered in the determination of BAT, it is
challenging to provide a short summary. The following table was constructed in order to give a
snapshot of the techniques considered in the determination of BAT within this document. The
table shows for each type of waste treatment identified in this document, the number of different
types of techniques. Four different categories have been identified. The first category relates to
techniques for the improvement of the environmental performance of the waste treatment itself,
or techniques for the prevention of contamination or the management of the waste treatment
facility. The other three categories relate to a) techniques for the abatement of air emissions, b)
techniques for the abatement of water emissions and c) treatment of solid residues generated
during the waste treatment process as well as techniques for the control and prevention of soil
contamination. In many cases, it is difficult to include some techniques in one specific category.
The number of techniques in the next table do not relate with the number of sections within a
section. There are many cases in this document where more than one technique is included in
one section.
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Number of techniques applied to
waste treatment,
Type of waste treatment prevention and air emissions waste solid
management water residues | TOTAL

Common techniques 296 26 16 31 369
Biological treatments 41 58 3 4 106
Physico-chemical treatments 133 17 4 6 160
Recovery of materials 44 44 19 7 114
Preparation of waste fuel 39 16 0 0 55
Air abatement treatments 57 57
Waste water treatments 52 52
Residue management 27 27
TOTAL 553 218 94 75 940

Techniques to consider in the determination of BAT

From the table above it can be easily calculated that more than half of the techniques are related
to the improvement of the environmental performance of waste treatments, prevention or
management techniques. The rest of the techniques are mainly devoted to the abatement of air
emissions representing close to a quarter, and the rest more or less equally distributed between
treatment of waste water and treatment of solid residues. From the other perspective, it can be
calculated that more than a third of the techniques are considered common techniques. For the
four different type of specific treatment identified, physico-chemical treatment is the section
which contains the most techniques.

Best available techniques for the waste treatment sector

This document contains the determined Best Available Techniques (BAT) for the waste
treatment sector. These relate to the most relevant environmental issues and typically relate to
emissions from normal operation. In some situations, BAT conclusions on emissions from
incidents and (major) accidents are also reported.

The BAT identified are summarised in the following table. This table cannot be properly
understood if the full BAT section is not read and then cannot be used as a decision making
tool. The main reason is that each BAT conclusion contains numerous details mainly relating to
when the BAT conclusion is applicable. Some facts can be extracted from the BAT chapter:

e BAT conclusions for the waste treatment sector are set out at two levels. One level deals
with generic BAT conclusions, i.e. they are generally applicable to the whole sector. The
other level contains more specific BAT conclusions, e.g. those for the various types of
specific processes and activities identified in the scope. So, the BAT for any specific type of
waste treatment installation are a combination of the ‘generic’ elements generally applied
and the ‘activity specific’ elements applicable to the particular case. In some cases, other
BREF documents can give guidance and then form part of the list of documents that need to
be considered when analysing a specific installation. As an example, BAT for re-refining
waste oil contains the BAT elements numbered from 1 to 64 plus 95 to 104. On top of that,
it may be considered that other BREF documents related to the issue may give extra
guidance. Another example is that BAT for liquid waste fuels from hazardous waste contain
the BAT elements from 1 to 64, 117 to 121 and 129 to 130

e some of the BATs are based on concrete techniques or technologies

e some BATs have been identified to be related to hazardous waste. Such techniques have
been highlighted following a similar strategy to that used in the European waste list of the
waste framework Directive

e in the determination of BAT in this sector, some associated emission levels following the
use of BAT have been identified. These relate to emissions of volatile organic compounds
and particulate matter to air, and water parameters such as chemical oxygen demand,
biological oxygen demand and heavy metals. Moreover, emissions to air of odour and
ammonia have been identified for mechanical biological treatment and emissions to water
of hydrocarbons and phenols have been identified for waste oil treatment.
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Category

Identified BAT elements on

Environmental management

environmental management systems

provision of full details of the activities carried out on-site
having a good housekeeping procedure in place

having a close relationship with the waste producer/customer
the availability of qualified staff

Improve the knowledge of
the waste input

XN R =

— \O
=

having a concrete knowledge of the waste input
implementing a pre-acceptance procedure
implementing an acceptance procedure
implementing different sampling procedures

. having a reception facility

Waste output

—_—
—_—

. analysing the waste output

Management systems

[ T S e e
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. the traceability in waste treatment

. mixing/blending rules

. segregation and compatibility procedures
. the efficiency of waste treatment

. accident management plan

. incident diary

. noise and vibration management plans

. decommissioning

Utilities and raw material
management

[NORN NS T NS 2 (O]

energy consumption and generation

. energy efficiency
. internal benchmarking
. the use of waste as a raw material

Storage and handling
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. generic storage techniques

. bunding

. pipework labelling

. storage/accumulation of waste

. generic handling techniques

. bulking/mixing techniques of packaged waste
. the segregation guide for storage

. the techniques to handle containerised waste

Other common techniques
not mentioned before

w
N

33.
34.

using extractive vents during crushing, shredding and sieving
operations

encapsulating the crushing and shredding of special waste
washing processes

Air emission treatments

35.
36.
37.
38.
39.
40.
41.

the use of open topped tanks, vessels and pits

enclosing systems with extraction to suitable abatement plants
sized extraction systems for some storage and treatments

the operation and maintainance of the abatement equipment
scrubber systems for major inorganic gaseous releases

leak detection and repair procedures

reducing emissions of volatile organic compounds and particulate
matter to the air
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Category

Identified BAT elements on

Waste water management

42.
43.

44.
45.
46.
47.
48.
49.
50.

51.
52.

53.
54.

55.
56.

water use and the contamination of water

effluent specification being suitable for the on-site effluent treatment
system or discharge criteria

avoiding the effluent by-passing the treatment plant systems
collectioning waste waters

segregrating waste waters

having a full concrete base in all the treatment areas

collecting rainwater

re-using treated waste waters and rainwater

daily checking on the effluent management system and maintainance
of alog

identifing the main hazardous constituents of the treated effluent

the appropriate WW treatment techniques for each type of waste
water

increasing the reliability of control and abatement performance to
waste waters

the main constituents of treated waste water

discharging of the waste water

the emission levels on chemical and biological oxygen demand and
heavy metals associated to the use of BAT

Management of the process
generated residues

57.
58.
59.
60.
61.

residue management planning

using re-usable packaging

re-using drums

having an inventory of the waste on-site
re-using waste

Soil contamination

62.
63.
64.

providing and maintaining the surface of operational areas
the impermeable base and drainage
minimising site and underground equipment

BAT for specific types of waste treatments

Biological treatments

65.
66.
67.
68.

69.
70.

71.

the storage and handling in biological systems

waste types and separation processes

techniques for anaerobic digestion

reducing the air emissions of dust, nitrogen oxides, sulphur oxides,
carbon monoxide, hydrogen sulphide and volatile organic compounds
when using biogas as fuel

the techniques for mechanical biological treatments

reducing the emissions of odour, ammonia, nitrous oxide and mercury
from mechanical biological treatments

reducing the water emissions of total nitrogen, ammonia, nitrate and
nitrite

Physico-chemical
treatments of waste waters

72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.

the techniques in physico-chemical reactors

additional waste water parameters needing to be identified
neutralisation process

the precipitation of the metals

the break-up of emulsions

oxidation/reduction

waste waters containing cyanides

waste waters containing chromium (VI) compounds
waste waters containing nitrites

waste waters containing ammonia

air abatement during filtration and dewatering processes
flocculation and evaporation

cleaning of sieving processes

Physico-chemical treatment
of solid wastes

85.
86.
87.

88.
89.
90.

the insolubilisation of amphoteric metals

the leachability of inorganic compounds

restricting the acceptance of wastes to be treated by
solidification/immobilisation

enclosed systems

abatement systems in charging and unloading

solid wastes to be landfilled

vi
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Category

Identified BAT elements on

Physico-chemical treatment
of contaminated soil

91. the control of excavations

92. determining the suitability of the process to be applied
93. collecting and controlling equipment

94. the efficiency achieved during the processes

Re-refining of waste oils

95. controling of incoming materials

96. checking chlorinated solvents and polychlorinated biphenyls

97. condensation for the gas phase of the flash distillation units

98. abatement during the loading and unloading of vehicles

99. different abatements when chlorinated species are present
100.thermal oxidation

101.vacuum systems

102.using the residues from vacuum distillation or thin film evaporators
103.highly efficient re-refining processes of waste oil

104.waste water emission values for hydrocarbon and phenols

Regeneration of waste
solvents

105.controlling of incoming materials
106.evaporating the residue

Regeneration of waste
catalysts

107.using bag filters
108.using sulphur oxide abatement systems

Regeneration of waste
activated carbons

109.quality control procedures

110.the origin of the waste activated carbons

111.using a kiln for the treatment of industrial carbons

112.using an afterburner for the regeneration of industrial carbons

113.using an afterburner for the regeneration of potable water and food
grade active carbons

114.using a flue-gas treatment train

115.scrubbing systems

116.waste water treatment plants

Preparation of waste to be
used as fuel

117.transferring the knowledge of the waste fuel composition prepared
118.quality assurance systems

119.manufacturing different type of waste fuels

120.waste water treatments

121.safety aspects

Preparation of solid waste
fuels from non-hazardous
waste

122.visually inspecting the incoming wastes

123.using magnetic ferrous and non ferrous metal separators
124.using near-infrared techniques

125.the preparation of the waste fuel at the correct size

Preparation of solid waste
fuels from hazardous waste

126.drying or heating operations
127.mixing and blending operations
128.the abatement of particulates

Preparation of liquid waste
fuels from hazardous waste

129.using heat-exchange units external to the vessel
130.the homogeneity of the liquid fuel

BATS for the waste treatment sector

Emerging techniques

This document also includes the techniques identified by the TWG that have not yet been
commercially applied and are still in the research or development phase. However, because of
the implications they may have in the waste treatment sector, they have been included here to
raise awareness for any future revision of this document.

Concluding remarks

From the beginning of the information exchange process, it has been clear that there are
different conceptions of what waste treatment installations should and should not be in this
document. Moreover, it has been detected that some installations will be only partially affected
by IPPC. Due mainly to these facts, a considerable amount of expert time has been dedicated to
try to solve and understand these issues and, therefore, expert time dedicated to determination of
BAT for the sector was restricted. This issue has probably restricted the amount of conclusions
reached in the information exchange. Additionally, different views on the structure of this
document were also discussed at the two plenary meetings (kick-off meeting and final meeting).
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A high level of consensus was reached on the BAT chapter. However, there are some views on
the coverage of this document claiming that the scope of this document needs to be enlarged to
include other waste treatments not covered in this actual document.

In preparation for future reviews of this document, all TWG members and interested parties
should continue to collect data on the current consumption and emission levels and on the
performance of techniques to be considered in the determination of BAT.

The EC is launching and supporting, through its RTD programmes, a series of projects dealing
with clean technologies, emerging effluent treatment and recycling technologies and
management strategies. Potentially these projects could provide a useful contribution to future
reviews of this document. Readers are therefore invited to inform the EIPPCB of any research
results which are relevant to the scope of this document (see also the preface of this document).
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Preface

PREFACE

1. Status of this document

Unless otherwise stated, references to “the Directive” in this document means the Council
Directive 96/61/EC on integrated pollution prevention and control. As the Directive applies
without prejudice to Community provisions on health and safety at the workplace, so does this
document.

This document is a working draft of the European IPPC Bureau. It is not an official publication
of the European Communities and does not necessarily reflect the position of the European
Commission.

2. Relevant legal obligations of the IPPC Directive and the definition of BAT

In order to help the reader understand the legal context in which this document has been drafted,
some of the most relevant provisions of the IPPC Directive, including the definition of the term
“best available techniques”, are described in this preface. This description is inevitably
incomplete and is given for information only. It has no legal value and does not in any way alter
or prejudice the actual provisions of the Directive.

The purpose of the Directive is to achieve integrated prevention and control of pollution arising
from the activities listed in its Annex I, leading to a high level of protection of the environment
as a whole. The legal basis of the Directive relates to environmental protection. Its
implementation should also take account of other Community objectives such as the
competitiveness of the Community’s industry thereby contributing to sustainable development.

More specifically, it provides for a permitting system for certain categories of industrial
installations requiring both operators and regulators to take an integrated, overall look at the
polluting and consuming potential of the installation. The overall aim of such an integrated
approach must be to improve the management and control of industrial processes so as to ensure
a high level of protection for the environment as a whole. Central to this approach is the general
principle given in Article 3 that operators should take all appropriate preventative measures
against pollution, in particular through the application of best available techniques enabling
them to improve their environmental performance.

The term “best available techniques” is defined in Article 2(11) of the Directive as “the most
effective and advanced stage in the development of activities and their methods of operation
which indicate the practical suitability of particular techniques for providing in principle the
basis for emission limit values designed to prevent and, where that is not practicable, generally
to reduce emissions and the impact on the environment as a whole.” Article 2(11) goes on to
clarify further this definition as follows:

“techniques” includes both the technology used and the way in which the installation is
designed, built, maintained, operated and decommissioned;

“available” techniques are those developed on a scale which allows implementation in the
relevant industrial sector, under economically and technically viable conditions, taking into
consideration the costs and advantages, whether or not the techniques are used or produced
inside the Member State in question, as long as they are reasonably accessible to the operator;

“best” means most effective in achieving a high general level of protection of the environment
as a whole.

Furthermore, Annex IV of the Directive contains a list of “considerations to be taken into
account generally or in specific cases when determining best available techniques ... bearing in
mind the likely costs and benefits of a measure and the principles of precaution and prevention”.
These considerations include the information published by the Commission pursuant to
Article 16(2).

MA/EIPPCB/WT_Final Draft Version May 2005 ix



Preface

Competent authorities responsible for issuing permits are required to take account of the general
principles set out in Article 3 when determining the conditions of the permit. These conditions
must include emission limit values, supplemented or replaced where appropriate by equivalent
parameters or technical measures. According to Article 9(4) of the Directive, these emission
limit values, equivalent parameters and technical measures must, without prejudice to
compliance with environmental quality standards, be based on the best available techniques,
without prescribing the use of any technique or specific technology, but taking into account the
technical characteristics of the installation concerned, its geographical location and the local
environmental conditions. In all circumstances, the conditions of the permit must include
provisions on the minimisation of long-distance or transboundary pollution and must ensure a
high level of protection for the environment as a whole.

Member States have the obligation, according to Article 11 of the Directive, to ensure that
competent authorities follow or are informed of developments in best available techniques.

3. Objective of this Document

Article 16(2) of the Directive requires the Commission to organise “an exchange of information
between Member States and the industries concerned on best available techniques, associated
monitoring and developments in them”, and to publish the results of the exchange.

The purpose of the information exchange is given in recital 25 of the Directive, which states that
“the development and exchange of information at Community level about best available
techniques will help to redress the technological imbalances in the Community, will promote
the worldwide dissemination of limit values and techniques used in the Community and will
help the Member States in the efficient implementation of this Directive.”

The Commission (Environment DG) established an information exchange forum (IEF) to assist
the work under Article 16(2) and a number of technical working groups have been established
under the umbrella of the IEF. Both IEF and the technical working groups include
representation from Member States and industry as required in Article 16(2).

The aim of this series of documents is to reflect accurately the exchange of information which
has taken place as required by Article 16(2) and to provide reference information for the
permitting authority to take into account when determining permit conditions. By providing
relevant information concerning best available techniques, these documents should act as
valuable tools to drive environmental performance.

4. Information Sources

This document represents a summary of information collected from a number of sources,
including in particular the expertise of the groups established to assist the Commission in its
work, and verified by the Commission services. All contributions are gratefully acknowledged.

5. How to understand and use this document

The information provided in this document is intended to be used as an input to the
determination of BAT in specific cases. When determining BAT and setting BAT-based permit
conditions, account should always be taken of the overall goal to achieve a high level of
protection for the environment as a whole.

The rest of this section describes the type of information that is provided in each chapter of this
document.

Chapters 1 and 2 provide general information on the industrial sector concerned and on the
applied processes and techniques used within the sector. Chapter 3 provides data and
information concerning current consumption and emission levels reflecting the situation in
existing installations at the time of writing.
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Chapter 4 describes in more detail the emission reduction and other techniques that are
considered to be most relevant for determining BAT and BAT-based permit conditions. This
information includes the consumption and emission levels considered achievable by using the
technique, some idea of the costs and the cross-media issues associated with the technique, and
the extent to which the technique is applicable to the range of installations requiring IPPC
permits, for example new, existing, large or small installations. Techniques that are generally
seen as obsolete are not included.

Chapter 5 presents the techniques and the consumption and emission levels that are considered
to be compatible with BAT in a general sense. The purpose is thus to provide general
indications regarding the consumption and emission levels that can be considered as an
appropriate reference point to assist in the determination of BAT-based permit conditions or for
the establishment of general binding rules under Article 9(8). It should be stressed, however,
that this document does not propose emission limit values. The determination of appropriate
permit conditions will involve taking account of local, site-specific factors such as the technical
characteristics of the installation concerned, its geographical location and the local
environmental conditions. In the case of existing installations, the economic and technical
viability of upgrading them also needs to be taken into account. Even the single objective of
ensuring a high level of protection for the environment as a whole will often involve making
trade-off judgements between different types of environmental impact, and these judgements
will often be influenced by local considerations.

Although an attempt is made to address some of these issues, it is not possible for them to be
considered fully in this document. The techniques and levels presented in Chapter 5 will
therefore not necessarily be appropriate for all installations. On the other hand, the obligation to
ensure a high level of environmental protection including the minimisation of long-distance or
transboundary pollution implies that permit conditions cannot be set on the basis of purely local
considerations. It is therefore of the utmost importance that the information contained in this
document is fully taken into account by permitting authorities.

Since the best available techniques change over time, this document will be reviewed and
updated as appropriate. All comments and suggestions should be made to the European IPPC
Bureau at the Institute for Prospective Technological Studies at the following address:

Edificio Expo, ¢/ Inca Garcilaso, s/n, E-41092 Seville, Spain
Telephone: +34 95 4488 284

Fax: +34 95 4488 426

e-mail: JRC-IPTS-EIPPCB@cec.cu.int

Internet: http://eippcb.jrc.es
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Scope

SCOPE

This document together with other BREFSs in the series (see list on the reverse of the title page),
are intended to cover the activities described in Section 5 of Annex I of the Directive, namely
Waste Management. One BREF covers waste incineration and some thermal waste treatments
such as pyrolysis and gasification (point 5.2 of Annex I of the Directive). Although point 5.4 of
Annex I includes waste landfills, this document does not cover BAT for landfills. Thus, the
scope of this document focuses on the following points of Annex I of the Directive:

o installations for the disposal or recovery of hazardous waste as defined in the list referred
to in Article 1 (4) of Directive 91/689/EEC, as defined in Annexes Il A and Il B (operations
R1, R5, R6, R8 and R9) to Directive 75/442/EEC with a capacity exceeding 10 tonnes per
day

o installations for the disposal of waste oils as defined in Council Directive 75/439/EEC of
16 June 1975 with a capacity exceeding 10 tonnes per day

o installations for the disposal of non-hazardous waste as defined in Annex Il A to Directive
75/442/EEC under headings D8 and D9, with a capacity exceeding 50 tonnes per day.

The Recovery (R) and Disposal (D) codes of Annexes II A and II B of Directive 75/442/EEC
which refer to IPPC Directive changed according to the Commission Decision 96/350/EC.
Because this last amendment corresponds to the most recent classification of R and D operation
codes, the following table reflects, in agreement with the view of the IEF and TWG and
following the aim of the IPPC Directive, the type of waste operation codes that are covered in
this document.

Waste treatment activity R/D code
96/350/EC
Use of waste principally as a fuel or other means to generate energy R1
Solvent reclamation/regeneration R2
Recycling/reclamation of other inorganic materials (excluding metals and metal R5
compounds covered in R4)
Regeneration of acids or bases R6
Recovery of components used for pollution abatement R7
Recovery of components from catalysts R8
Oil re-refining or other uses of oil R9
Exchange of wastes for submission of any of the operations numbered R1 to R11 R12
Storage of wastes pending any of the operations numbered R1 to R12 (excluding R13

temporary storage, pending collection, on the site where it is produced)

Biological treatment not specified elsewhere in Annex II of 96/350/EC which results in
final compounds or mixtures which are discarded by means of any of the operations DS
numbered D1 to D12

Physico-chemical treatment not specified elsewhere in Annex II of 96/350/EC which

results in final compounds or mixtures which are discarded by means of any of the D9
operations numbered D1 to D12 (e.g. evaporation, drying, calcination, etc.)

Blending or mixing prior to submission to any of the operations numbered D1 to D12 D13
Repacking prior to submission to any of the operations numbered D1 to D13 D14
Storage pending any of the operations numbered D1 to D14 (excluding temporary D15

storage, pending collection, on the site where it is produced)
Waste treatment activities covered in this document

The remainder of this chapter seeks to clarify what activities of the whole waste management
chain are included in this document.

The waste management sector and the Waste Treatment (WT) document

The chain of activities involved in waste management is long and extends outside the scope of
the IPPC Directive. The following figure tries to summarise what activities from the waste
management sector are covered in the series of BREFs.
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" WT BREF ~

Waste Other BREFs
.trate ‘ Activities A

Activities B

Activities C I Product X
I andfin

Was

Activities D

- Dex J

Waste management and Waste Treatment BREF
Note: crossed out areas means not covered in 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. IPPC 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 IPPC and is covered by each Industrial Sector BREF (see list in the
reverse of the front page 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 given 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 each individual BREF, 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, 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 fuels (REF),
refuse derived fuels (RDF) or solid recovered fuel (SRF). It is not the intention here to enter into
a discussion of the definition of any waste term. For example in the latter issue, some
information can be found in CEN proposals. Also some of those materials can be classified as
hazardous according to legislation.

This document includes those treatments that can make a waste re-usable or recoverable.
However this document does not include re-use or recovery options that go directly from one
industrial sector to another without treatment (e.g. re-use of foundries sand or some compatible
catalysts as a raw material in cement kilns, re-use of waste 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.
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The following figure tries to clarify and summarise the issues covered in the above paragraphs.

WASTE WT
BREF | COMBUSTION
QA
/' \ -
WASTE WT \
RE-USE/RECOVERY
BREF | ’ ,)(\
QA *
WASTE WT
BREF | LAND LING
QA

Examples of waste treatments not covered in this document
Note: QA: quality assurance

Waste activities covered in this document
Considering all the issues/arguments stated above, Annex I of the IPPC Directive, the other
BREFs produced or under production and, the legal advice of the European Commission, the
following table lists the waste treatment activities that are covered in this document:

Treatment

Type of waste or
examples of type of
waste

Additional information

Installations dealing
mainly with treatments
that result in outputs for
disposal

The TWG recognised that in many cases there are
installations where it is very difficult to differentiate
between outputs as materials for other uses or for
disposal, e.g. variations due to market reasons, waste
availability or waste composition, which may mean
that depending on conditions at the time the output
might be recycled, disposed of, or in certain
economic conditions, even sold as a product/raw
material for other processes

All types Excavated soil
All types Materials containing Some HCFC incinerators
CFCs
All types Materials contaminated |[Communication from the Commission to the

by POPs (e.g. PCBs and
dioxins)

Council, the European Parliament and the Economic
and Social Commitee (COM(2001) 593). The
communication refers to IPPC and BAT (pp.
7,15,17) but specifically to the waste treatment
BREF (so-called Waste R&D). It says: ‘In the
context of the BAT Reference document on Waste
R&D activities, to be prepared in 2002 to 2004,
special attention will be given to determining BAT
for the treatment of waste materials contaminated by
PCBs and dioxins.” The incineration of such
materials are not covered in this document
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Treatment

Type of waste or
examples of type of
waste

Additional information

All types

Oil/water sludge

All types

Plastics containing
pollutants

All types

Sludge from WWTPs

All types

Spent catalysts

The catalyst treatment sector includes those
treatments that can make a spent catalyst re-usable or
regeneratables. However, this document cannot
include the use options that go directly from one
industrial sector to another without any treatment
being necessary (e.g. re-use of catalysts as raw
material in cement kilns, re-use of waste metals in
non-ferrous metal processing). Those issues are
covered in each industrial sector BREF. This
document will consider and analyse the impact of the
different types of waste to be handled and
transformed so that the waste ends up in a suitable
form to be used in certain processes.

Catalyst regeneration can be carried out on-site or
off-site. This document deals with off-site
installations. Spent catalysts can sometimes be
regenerated in industry in process-integrated plants.
The regeneration of catalysts carried out in industry
in integrated plants as an associated activity is not
going to be covered in this document. For this
reason, this document focuses on standalone
regeneration installations

All types

Waste contaminated with
mercury

Common treatments

Blending and mixing

Repackaging

Storage of waste and raw
materials

Storage BREF
Intermediate waste storage

Waste reception,
sampling, checking and
analysis

Associated activities to waste facilities

Waste transfer and
handling installations

Waste transfer stations
(hazardous or non-

hazardous)

Biological treatments

Aerobic/anaerobic Excavated contaminated |Ex-situ remediation

treatments soil

Aerobic/anaerobic Non source-separated Pretreatment prior to disposal, generating a material
treatment waste (e.g. mixed not suitable to be used as a compostable product

municipal waste)

Biological treatment

Biodegradable aqueous
liquids e.g. food wastes,
methanol and other water
miscible solvents

Bulk liquid wastes tankered into waste water
treatment works

Aecrobic and/or anaerobic treatment depending upon
the configuration of the works

Mechanical and
biological treatments

Pretreatment prior to disposal
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Treatment

Type of waste or
examples of type of
waste

Additional information

Physico-chemical treatments

Acid neutralisation

Hydrochloric, sulphuric,
nitric, hydrofluoric,
phosphoric acids and
acidic salts, such as
aluminium chloride, etc.

Mixing of acids with either waste alkalis or raw
materials, such as lime. Nitric and hydrofluoric acids
are usually dealt with separately

Alkali

treatment/neutralisation

Sodium and potassium
hydroxide, lime,
ammonia solution,
ammonium salts and
amine compounds

Caustic, alkalis and lime neutralised with acids. Air
stripping can treat aqueous ammonia solutions.
Ammonium salts and amines should be maintained at
pH <9 to prevent a gaseous release

Chromic acid treatment

Chromium oxide (CrO;)
is acidic, toxic, water
soluble and an oxidising
agent

Conversion of Cr®" to less hazardous Cr’", by the
addition of a reducing agent, such as sodium
metabisulphite followed by precipitation

Cyanide treatment

Cyanide salts, e.g.
sodium cyanide from
metal surface treatments

Conversion of cyanide to less hazardous cyanate
maintaining pH >10 using on oxidising agent

Dewatering

Sludge created by
sedimentation

Production of a solid filter cake by filtration through
fabric filter cloths/centrifuges or filter presses

Ex-situ treatments

Excavated contaminated
soil

Filtration Effluent from Micro- and ultrafiltration to remove particulates.
dewatering, also used for [Nanofiltration and reverse osmosis can be used to
aqueous materials remove dissolved molecules, but are not currently
contaminated with oil utilised for physico-chemical treatments

Harbour reception Contaminated water

facilities

Oil water separation

Aqueous materials
contaminated with oil

Tilting plates or coalescing separators utilising
differences in specific gravity

Physico-chemical

Asbestos

treatment
Physico-chemical Contaminated wood
treatment
Physico-chemical Contaminated refractory
treatment ceramics
Physico-chemical Liquid, sludge and solid |Physico-chemical treatments are used in practice in a
treatments wastes (e.g. salts and very broad sense including all measures to treat
solutions containing liquid, sludgy and solid wastes.
cyanides, pesticides, Phase separation (particulates removal, de-
biocides and emulsification, separation of unsoluble liquids,
contaminated wood precipitation, sedimentation), mechanical treatments,
preserving agents) evaporation, dewatering, drying, stabilisation and
solidification of waste, neutralisation, detoxification,
calcination, blending, mixing
Precipitation Metals, for example, Zn, |Precipitation using acids and alkalis to adjust the pH

Ni, Cr, Pb, Cu to achieve minimum solubilities
Separation of mercury Waste contaminated with
from waste mercury

Separation, physico-
chemical treatment

Oil/water mixtures and
emulsions

Settlement

Effluent containing
neutralised acids/alkalis,
precipitated metals and
other solid particulates

The particles are allowed to settle out of the effluent.
The particles and the efficiency of settlement can be
assisted by the addition of a flocculant.

Dissolved Air Flotation (DAF) to produce a floating
flocculated solid is used at some installations (mainly
for organic sludges)
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Treatment Type of waste or Additional information
examples of type of
waste
Solidification and Fly and bottom ashes Bottom ashes are mostly covered by other BREFs as
stabilisation before landfilling. part of their processes.

In some cases, for liquid
and semi-solid
hydrocarbons. Mineral
industrial solid waste and
sludges

Mixing of wastes with absorbents or binders, e.g.
bentonite, ash, kiln dust, to reduce the environmental
impact

UV and ozone treatments

Contaminated water

Treatments to recover m

ainly the waste material

Re-concentration

Acid and bases

Plants for the thermal regeneration of HCI and the
reconcentration of spent H,SO,. The rest of the
regeneration processes of sulphuric acid are covered
in the Large Volume Inorganic chemical BREF

Recovery of materials

Waste from pollution
abatement

Recovery of metals

Liquid and solid
photographic waste

Regeneration

Organic solvents

Regeneration

Spent ion exchange
resins

Regeneration and
treatment

Spent activated carbon

Includes the regeneration of activated carbon.
Regeneration of spent activated carbon in the
mercury based chlor-alkali production is covered in
the chlor-alkali BREF

Re-refining

Oils

Treatments to produce mainly a fuel

Preparation of waste to be
used as fuel

Hazardous and non-
hazardous materials

All types of treatments (e.g regrouping, blending,
mixing, separation) for the preparation of waste to be
used in all types of combustion processes
(incineration, large combustion plants, cement kilns,
chemical works, iron and steel, etc.)

Preparation of solid waste
fuel

Non-hazardous waste

e.g. from municipal solid waste, commercial waste

Preparation of solid waste
fuel

Hazardous waste

Preparation of liquid fuel
from liquid waste, e.g. oil
processing or blending

Waste oils

Oils (including vegetable
oils)

Oil contaminated with
water

Organic solvents

All type of treatments which are applied to waste oils
or waste solvents will be covered within this
document (e.g. cleaning of waste oils and further
processing, refining).

Coarse filtering, heating and/or centrifuging and
blending to produce material to be burned

Waste and waste treatment installations covered in this document
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Chapter 1

1 GENERAL INFORMATION

[S, Concawe, 1996], [7, Monier and Labouze, 2001], [13, Marshall, et al., 1999], [14, Ministry for the
Environment, 2000], [36, Viscolube, 2002], [39, Militon, et al., 2000], [40, Militon and Becaud,
1998], [41, UK, 1991], [42, UK, 1995], [53, LaGrega, et al., 1994], [55, UK EA, 2001], [56, Babtie
Group Ltd, 2002], [86, TWG, 2003], [100, UNEP, 2000], [121, Schmidt and Institute for
environmental and waste management, 2002], [122, Eucopro, 2003], [124, Iswa, 2003], [125, Ruiz,
2002], [126, Pretz, et al., 2003], [128, Ribi, 2003], [150, TWG, 2004], [152, TWG, 2004]

1.1 The purpose of waste treatment

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 re-used by other means and may become not
marketable. These materials are typically given to third parties for further treatment.

The reason for treating waste is not always the same and 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:

e to reduce the hazardous nature of the waste

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

e to reduce the amount of waste which has to be finally sent for disposal

e to transform the waste into a useful material.

The waste treatment processes may involve the displacement and transfer of substances between
media. For example, some treatment processes results in a liquid effluent sent to sewer and a
solid waste sent to landfill, and others result in emissions to air mainly due to incineration.
Alternatively, the waste may be rendered suitable for another treatment route, such as in the
combustion of recovered fuel oil. There are also a number of important ancillary activities
associated with treatment, such as waste acceptance and storage, either pending treatment on
site or removal off site.

1.2 Installations for the treatment of waste

This section summaries 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. For this reason many legal definitions of
common terms used in this sector are available (e.g. waste, hazardous waste). Some definitions
are available in the European Waste Framework Directive and amendments to it.

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. Instead, 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 in the case with the classification of waste types, waste treatment (WT) activities are legally
classified by Annex II of the Waste Framework Directive. A copy of this classification is
provided in Section 8.1.1 of the Annex of this document, together with examples of their
application.
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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 do not have have suitable site or do 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. His 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 specializing 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:

e installations focused mainly on recovering material as a saleable product (typically
solvents, oils, acids, or metals). Some use the energy value in the waste

o 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

e installations focused on permanent emplacement of waste on or below the surface of the
land. Such installations are not covered in this document.

The following sections within this section cover more specific information gathered, 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 quite minor.
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1.2.1 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

o 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:

e 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 though still has to be treated. 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

e 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.

Table 1.1 below shows the number of waste transfer installations and capacity in different
European countries.
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Country Number of known installations Known capacity (kt/yr)
Hazardous Non-hazardous Hazardous Non-hazardous

Belgium 10
Denmark 0 0
Germany 125
Greece 6
Spain 68
France 3000
Ireland 12
Italy 0 0
Luxembourg 1
Netherlands 2
Austria 16
Portugal 5 143 3975 m’ Y
Finland 5 0' 58 0
United Kingdom 439 2073
Iceland 0 0
Norway 0 0
TOTAL 689 2216
! No non-hazardous installations, other than facilities where waste is unloaded in order to permit its
preparation for futher treatment.
Note: Numbers within this table may not reflect the real number of installations or capacity. The main
reasons are that the market is so dynamic that numbers change rapidly and/or because no data have been
provided by the TWG at all on certain topics. Cells without numbers mean that no information has been
provided.

Table 1.1:  Waste transfer installations
[39, Militon, et al., 2000], [60, Azkona and Tsotsos, 2000], [61, Weibenbach, 2001], [86, TWG, 2003],
[150, TWG, 2004]

1.2.2 Installations containing a biological treatment of waste

Refer to the Scope chapter of this document to see which biological treatments of waste are
covered. However, note that the data contained in Table 1.2 refer to all biological treatments,
including those not covered in the Scope. The reason for this is that available statistics typically
refer to national data and it is difficult to separate information of only those installations
covered in the Scope of this document.
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Country Number of known installations Known capacity (kt/yr)
Hazardous Non-hazardous Hazardous Non-hazardous

Belgium 5 Y
Denmark 1 0 0
Germany 57 200
Greece 0 Y 0
Spain 3 Y 140
France 0 Y 0
Ireland 1 Y
Italy 74 3 180
Luxembourg 0 Y 0
Netherlands 7 Y
Austria 16" 103 706
Portugal 1 9 88 514
Finland 20 41 98 305
Sweden Y
United Kingdom 0 173
Iceland 0 0 0 0
Norway 0 Y 0
TOTAL 177 442 429 1705
Y: exists but no data are available
! Data corresponds to MBT only
Data in this table correspond to all types of biological treatments and not only to those related with the ones
inside the scope of this document. Therefore, the number of installations covered by this document will be
less than the figures appearing in this table
Note: Numbers within this table may not reflect the real number of installations or capacity. The main
reasons are that the market is so dynamic that numbers change rapidly and/or because no data have been
provided by the TWG at all on certain topics. Cells without numbers mean that no information has been
provided.

Table 1.2:  Installations for the biological treatment of waste
[39, Militon, et al., 2000], [60, Azkona and Tsotsos, 2000], [61, Weibenbach, 2001], [86, TWG, 2003],
[150, TWG, 2004]

In Finland there are 561 waste water treatment installations in which the septic tank sludges are
also treated. There are 41 installations (aerobic 27 and anaerobic 14) for treating non-hazardous
wastes. Besides the non-hazardous waste installations mentioned in Table 1.2, there are also
129 composting facilities, with a total capacity of 542 kt/yr.

In some countries (e.g. UK and Italy), biological treatment is mainly carried out by water
companies, utilising existing capacity on waste water treatment works. It is estimated that there
are potentially around 30 possible installations. The volumes of waste treated are small,
typically less than 1 % of the input of the waste water treatment works, but in some cases this
represents a significant COD load (in one case, 50 % of total COD input to the waste water
treatment works). However, this type of treatment poses questions because there is a possibility
of diluting contaminants as well as contaminating the sewage sludges coming from this kind of
treatment.

1.2.3 Installations for the physico-chemical treatment of waste waters

This sector is represented by a large range of processes which are classed as ‘chemical
treatments’. These range 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), 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, etc.
These could contain almost any industrial material. It is likely that the treatment process will
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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.

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.

Country Number of known installations Known capacity (kt/yr)
Hazardous Non-hazardous Hazardous Non-hazardous
Belgium 8 Y
Denmark 4 Y
Germany 249 9000
Greece 0 0 0 0
Spain 49 901
France 19 Y 301
Ireland 4 Y
Italy 147 Y
Luxembourg 1 0 0
Netherlands 30 0 0
Austria 33 Y 515
Portugal 2 Y 22000 m’
Finland 36 0' 144 0
United Kingdom 32 289
Iceland 0 0 0 0
Norway 4 Y
TOTAL 618 9289 1883
Y': exists but no data are available
! No non-hazardous installations with this operation only
Note: Numbers within this table may not reflect the real number of installations or capacity. The main
reasons are that the market is so dynamic that numbers change rapidly and/or because no data have been
provided by the TWG at all on certain topics. Cells without numbers mean that no information has been
provided.

Table 1.3:  Installations for the physico-chemical treatment of waste
[60, Azkona and Tsotsos, 2000], [61, Weibenbach, 2001], [86, TWG, 2003], [150, TWG, 2004]

The physico-chemical (Ph-c) treatment of waste water typically divides the waste into another
type of waste (typically solid) and an aqueous effluent which is not usually considered waste as
it is part of another legislation.

Ph-c plants are essential to medium and small companies including commercial enterprises.
Waste which must be treated by Ph-c plants will, in future, continue to be produced (in the
course of production); obligatory acceptance of waste by generally accessible Ph-c 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:

e company in-house Ph-c plants. These are specialised for the treatment of the waste
produced by a company

e generally accessible Ph-c plants (service plants). These are suitable for the treatment of
waste produced in certain regions.
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1.2.4 Installations for the treatment of combustion ashes and flue-gas
cleaning residues

During combustion processes, solid waste may be generated. Such solid waste is typically called
‘ashes’. Two types are usually present; one called ‘bottom ash’, typically recovered at the
bottom of the combustion chamber and another called ‘fly ash’ that is smaller and flows with
the combustion fumes. This latter one is usually recovered with flue-gas cleaning equipment.
Such flue-gas cleaning equipment is not only applicable to fly ash but also to extract from the
other pollutants flue-gases. In doing so, different types of waste can be generated. This section
contains those installations that treat such a variety of waste generated during combustion
processes as well as other flue-gas cleaning processes.

Combustion ashes and flue-gas cleaning residues are one of the main waste stream 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). Another method of treating combustion ashes
involves the fusion of ash by plasma at very high temperatures in order to vitrify the structure.
One installation exists in France with a total treatment capacity of 3.5 kt per year.

1.2.5 Installations for the treatment of waste contaminated with PCBs

Incineration, when available, is the most widely available and used technology for PCB
destruction. The complete destruction of PCB by incineration only takes place under well
defined conditions (e.g. high temperature and a higher residence time). Because of the cost of
incineration, however, and its non-availability in many countries, alternative technologies are
sometimes used.

1.2.6 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 III 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 industry. There are licensed sites
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:

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

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

e companies handling transformer oils are likely to collect oils with some small amounts of
PCBs

e 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. Two
type of treatments are applied to waste oils. One refers to its use as fuel and the other one
corresponds to the re-refining of it so that part of it (typically 50 — 60 %) can be re-used as a
base oil for lubricants. Oil processors show a wide range of intrinsic knowledge about their
operations.
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There are a wide variety of processes and licensors currently offering ways to deal with waste
oils. There are four main processes used for the treatment of waste oils: blending, separation-
chemical treatment, distillation and cracking.

In all waste oil treatment processes, the economic and calorific values of the waste oils are
recovered to varying degrees. The two main techniques used are re-refining and direct burning
(mainly in cement factories), each accounting for about 30 % of the total quantity recovered.
The two other methods which, together, account for the remaining third are reprocessing and
reclaiming, the latter principally being used for hydraulic oils.

The level of knowledge about oils is markedly different between sites. Partly due to the fact that
waste oil is an extremely complex and changing material with a huge potential range of
individual components that are not all categorised at present.

Data currently available regarding waste oil (WO) management in Europe are of very poor
quality, particularly concerning regeneration. Figure 1.1 shows a summary of the percentages of
the types of treatments used for the WO in each EU country. According to data from the sector in
1993, the used oils collected where disposed of by direct burning (32 %), by re-refining to base
oils (32 %), by reprocessing to industrial fuel (25 %) and by reclaiming specific industrial
oils 11 %. These percentages however have since changed considerably, as shown in the
following figure.

Total EU 47

Luxembourg 39

Italy 18 |

Greece 28 [ 8

Spain 31 [

Germany 45

Finland 51

Portugal 52

France 57

Netherlands

Austria

Denmark

Belgium

Sweden

United Kingdom

Ireland

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

‘ @ Incineration with energy recovery 0O Re-recycling 0O Disposal B Unaccounted

Figure 1.1: Management of waste oils in the EU in 1999
[7, Monier and Labouze, 2001], [86, TWG, 2003], [150, TWG, 2004]

Re-refining
About 220 kt of re-refined base oil was produced in 2000 according to [7, Monier and Labouze,
2001], which accounts for less than 5 % of the overall base oil demand in Europe.

In recent years, the level of regeneration carried out has noticeable decreased in some EU
countries which were pioneers in its use such as France, Germany, Italy and others such as the
UK. This is tempered by the fact that there are some new projects emerging in several countries:
France, Germany, Italy, Spain.
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The known installed feed capacity for re-refining base oil throughout Europe is just over
500 kt/yr, with installation capacities ranging from 35 to 160 kt/yr. Currently, there are
around 400 re-refining facilities worldwide, with an overall capacity of 1800 kt/yr. Although
most of these plants are located in East Asia (India, China and Pakistan), their individual
capacity is mainly low, c.a. 2 kt/yr each, on average. Most of these plants use acid/clay and
there are few which produce good quality re-refined base oils or which take into account
environmental issues.

Country Number of known installations Known capacity (kt/yr)
Belgium 2 45
Denmark 1 40
Germany 8 770
Greece 1 40
Spain 2 69
France 2 200
Ireland 0 0
Ttaly 7! 273!
Luxembourg 0 0
Malta 2 2.4
Netherlands 0 0
Austria 0 0
Poland 1 80
Portugal 0 0
Finland 5 88
Sweden 0 0
United Kingdom 3° 5°
Yugoslavia 1
TOTAL 35 1612.4
" two installations are currently not working. Capacity of the two installations not working is 25 kt/yr.
2 A TWG member questionned such figures to not be correct
Note: Numbers within this table may not reflect the real number of installations or capacity. The main
reasons are that the market is so dynamic that numbers change rapidly and/or because no data have been
provided by the TWG at all on certain topics. Cells without numbers mean that no information has been
provided.
Table 1.4:  Installations for re-refining waste oil in European countries

[5, Concawe, 1996], [7, Monier and Labouze, 2001], [13, Marshall, et al., 1999], [36, Viscolube,
2002], [86, TWG, 2003], [128, Ribi, 2003], [150, TWG, 2004]

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).
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About 50 % of WOs were used as fuel in the EU in 1999. About 400 kt of WO are burned in
cement kilns at the European level, which represents about 17 % of the total WO and 35 % of
the WO burned, with the rate varying greatly between different countries. It represents the major
exploitation route in France, Greece and Sweden, but only one of several alternative routes in
Austria, Belgium, Italy and the United Kingdom. Some other sectors in the EU using WO as
fuel are:

blast furnaces, as a substitute for coke (e.g. Belgium)

brick kilns (e.g. Spain)

ceramic kilns (e.g. Spain)

large combustion plants (e.g. Spain)

lime kilns (e.g. Spain, Belgium)

cracking plants, to produce new fuels (e.g. in Belgium in accordance with legal standards)
port receiving facilities which convert waste oil into ship’s fuel (e.g. Malta)

waste incinerators (e.g. 2 kt in 2002 in hazardous waste incinerators in Belgium)

space heaters (e.g. service stations, greenhouses, etc.)

asphalt plants.

The two latter applications are no longer used in Flanders (Belgium) because of more stringent
environmental regulations brought into force in January 1999. Table 1.5 indicates the amount of
used oil burned in some EU countries

Burning options Amount of waste oil (kt) Y%
Cement kilns 307 42
Mixed with fuel oil 213 29
Other 120 16
Waste incinerators 52 7
Garage heaters 40 6
Total burned 732 100
Data only correspond to Denmark, Finland, France, Germany, Italy, the Netherlands, Norway, Spain
and the United Kingdom.
Note: Obtaining a complete set of data on volumes of used oil burned in all EU countries in this
study is difficult as details of the burning options are not consistently recorded.

Table 1.5:  Volumes of used oil burned in EU per year
[5, Concawe, 1996]

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. Table 1.6 shows some installations carrying out this activity.

10 Version May 2005 MA/EIPPCB/WT_Final Draft



Chapter 1

Country Number of known installations Known capacity (kt/yr)
Using waste Using Non- Using waste Using Non-
oil in direct reprocessed |hazardous | oil in direct| reprocessed hazardous

burning  |waste oil as fuel oil burning |waste oil as fuel oil
Belgium 1 10
Denmark 4 Y
Germany 12 1 310 100
Greece 0
Spain 4 Y 1
France 60 725
Ireland Y
Italy 2
Luxembourg 0 0 0 0
Malta 0 1 0 4.7
Netherlands Y
Austria 4 0 0 0 0
Portugal Y Y 1
Finland 3 4 1 155 54.5 0.2
Sweden 2 3
United 160 Y
Kingdom
TOTAL 252 19 3 1190 159.2 0.2

Y': exists but no data is available

Note: Columns related to non-hazardous oil correspond to the production of biodiesel from used vegetable oil.

Note: Numbers within this table may not reflect the real number of installations or capacity. The main reasons are that
the market is so dynamic that numbers change rapidly and/or because no data have been provided by the TWG at all on
certain topics. Cells without numbers mean that no information has been provided.

Table 1.6:  Installations where waste oils are used as fuel or where waste oil is reprocessed to
produce a fuel

[7, Monier and Labouze, 2001], [13, Marshall, et al., 1999], [S6, Babtie Group Ltd, 2002], [86,
TWG, 2003], [128, Ribi, 2003], [150, TWG, 2004]

Under EU legislation, it is illegal to dispose of WO in landfills, storm-water or waste water
drains. In some cases, used oil is applied to unsealed roads as a dust suppressant in some rural
areas. About 25 % of the WO in the EU was unaccounted eliminated for in 1999.

1.2.7 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 BREF documents.
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.
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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
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 (SLF), 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 may be 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.

Country Number of known Known capacity

installations (kt/yr)

Belgium 5 >8

Denmark 0

Germany 21

Greece 3

Spain 14 64

France 27 90.7

Ireland 2

Italy 2

Luxembourg 0

Netherlands 8

Austria 2

Portugal 1 10000 m’

Finland 4 11

United Kingdom 8 >12

Iceland 0

Norway 11

TOTAL 108 185.7

Note: Numbers within this table may not reflect the real number of installations or

capacity. The main reasons are that the market is so dynamic that numbers change

rapidly and/or because no data have been provided by the TWG at all on certain

topics. Cells without numbers mean that no information has been provided.

Table 1.7:  Waste solvent installations in European countries
[40, Militon and Becaud, 1998], [60, Azkona and Tsotsos, 2000], [61, Weibenbach, 2001], [86, TWG,
2003], [129, Cruz-Gomez, 2002]

1.2.8 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 re-used 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 dock yards and from unused
asbestos pipes.
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Treatment of waste Treatment of other inorganic | Recovery of waste from
catalysts waste (excluding metals and pollution abatement
metal compounds)
Country Number of | Known Number of Known Number of | Known
known capacity known capacity known capacity
installations (kt/yr) installations (kt/yr) installations | (kt/yr)

Belgium 0 0 13 1

Denmark 0 0 3 1

Germany 1 63 2

Greece 5 0 0 0 0
Spain 0 0 6 195 15 3
France 3 4.9 0 0 0 0
Ireland 4 0 0 0 0
Luxembourg 0 0 0 0 0 0
Malta 3

Netherlands 2 17 1

Austria 3 14 0 0
Portugal 0 0 0 0 0 0
Finland ' 0 0 9 3 0 0
Iceland 0 0 0 0 0 0
Norway 2 1 0 0
TOTAL 20 4.9 129 198 20 3

" The treatment of 1 million lamps containing mercury is not included.

Note: Numbers within this table may not reflect the real number of installations or capacity. The main reasons are
that the market is so dynamic that numbers change rapidly and/or because no data have been provided by the TWG
at all on certain topics. Cells without numbers mean that no information has been provided.

Table 1.8:  Installations for the treatment of waste catalysts, waste from pollution abatement and
other inorganic waste in European countries

[40, Militon and Becaud, 1998], [60, Azkona and Tsotsos, 2000], [61, Weibenbach, 2001], [150,
TWG, 2004]

1.2.9 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
regenerated, they result in large quantities to be treated. It is this application that represents the
most common 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 that more regeneration facilities, once designed purely for ‘in-
house’ materials, now offer a merchant regeneration service.

There are at least 19 sites in Europe regenerating activated carbons from off site. The estimated
numbers are mentioned in the next Table 1.7.
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Country Number of known Known capacity
installations (kt/yr)

Belgium 2
Germany 3
France 1
Italy 5
Netherlands 1
Austria 1
Finland 1
Sweden 1
United Kingdom 4
TOTAL 19 >50
Note: Numbers within this table may not reflect the real number of installations
or capacity. The main reasons are that the market is so dynamic that numbers
change rapidly and/or because no data have been provided by the TWG at all on
certain topics. Cells without numbers mean that no information has been
provided.

Table 1.9:  Activated carbon installations in European countries
[150, TWG, 2004]

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 are sometimes
used. The type of granular activated carbon (GAC) reactivation furnaces in use worldwide in
early 1990 are shown in Table 1.10.

Type of GAC reactivation furnace Number of units
Multiple hearth >100
Fluidised bed <20
Indirect fired rotary kiln >50
Direct fired rotary kiln <30
Vertical tube-type <30
Infrared furnaces (horizontal and vertical) <9

Table 1.10: Type of GAC reactivation furnaces in use worldwide
[42, UK, 1995]

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

1.2.10 Installations for the treatment of waste acids and bases

There are several installations in the EU which regenerate HCl. 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 [62, EIPPCB, 2003], as is any process that produces
SO, as a feedstock by decomposition/calcinations

e aprocess 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

o industrial processes that use sulphuric acid and include a 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. BREF LVIC-solids and others for titanium dioxide production).
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Country Number of known Known capacity
installations (kt/yr)
Belgium 1
Denmark 1
Germany 2
Greece 0
Spain 1 42
France 3 2
Ireland 1
Luxembourg 0
Netherlands 0
Austria 4
Portugal 0
Finland 0
Iceland 0
Norway 0
TOTAL 13 44
Values correspond to regeneration installations covered by this document
and the LVIC-AAF BREF
Note: Numbers within this table may not reflect the real number of
installations or capacity. The main reasons are that the market is so dynamic
that numbers change rapidly and/or because no data have been provided by
the TWG at all on certain topics. Cells without numbers mean that no
information has been provided.

Table 1.11: Installations for the regeneration of waste acids or bases
[40, Militon and Becaud, 1998], [60, Azkona and Tsotsos, 2000], [61, Weibenbach, 2001], [86, TWG,
2003]

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.

1.2.11 Installations for the treatment of contaminated wood

In some cases, contaminated wood is directly incinerated. In other cases, contaminated wood is
thermally treated by carbonisation/pyrolysis. All these treatments are covered by the WI BREF.
However, in some cases treatments are used focused on the extraction of heavy metals from the
solid residue generated by carbonisation of contaminated wood — these processes are covered in
this document. One installation is in operation in France.

1.2.12 Installations for the treatment of contaminated refractory ceramics

Two installations are in operation in France with a total treatment capacity of 50 kt per year.

MA/EIPPCB/WT_Final Draft Version May 2005 15



Chapter 1

1.2.13 Installations for the preparation of waste to be used as fuel

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

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

e waste sector regulations, such as the ‘packaging waste’ Directive, ‘end-of-life vehicles’
Directive, ‘waste from electrical and electronics’, ‘waste incineration’ Directive, ‘waste
catalogue’, ‘dangerous substances’ Directive and ‘dangerous preparation’ Directive may
also influence the option

o 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)

e under the requirement of the Kyoto protocol, greenhouse gas emissions have to be reduced
worldwide. Co-incineration of waste fractions as a replacement for conventional fuels may
be one option to reduce greenhouse gas emissions

e as liberalisation of the energy market intensifies economic pressure on the energy
producers/consumers. The co-combustion of waste opens a new scope of business for them,
which makes operation of combustion plants more attractive economically

e to reduce the cost of fuel used in the combustion processes.

The term ‘waste fuel’ is used in this document for all types of waste materials that are prepared
to be used as fuel in any combustion process. Waste fuels can be gaseous, liquid or solids. 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 are the combustion plants for the
production of heat and/or power, marine engines, 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 in which the type of waste(s) may be acceptable and how the waste fuel is
prepared.

The purpose of those installations is to guarantee the following aspects:

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

The basic principles of waste fuel production are the following:

o 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, where the combustion process where the waste fuel is used produces a
product (e.g. cement)

e cnergy 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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Country Number of known installations Known capacity (kt/yr)
Hazardous Non-hazardous Hazardous Non-hazardous
Belgium 12 Y
Denmark 4 13
Germany 16 34
Greece 0 0
Spain 33 5 204
France 54 Y 542 1400
Ireland 2 Y
Italy 27 2080
Luxembourg 0 Y
Netherlands 1 Y
Austria 8 10
Portugal 0 Y 165
Finland 7 37 106 800
Sweden Y Y
United Kingdom Y Y
Iceland 1 Y
Norway 2 Y
TOTAL 140 126 852 4445
Y': exists but no data are available
Note: Numbers within this table may not reflect the real number of installations or capacity. The main
reasons are that the market is so dynamic that numbers change rapidly and/or because no data have been
provided by the TWG at all on certain topics. Cells without numbers mean that no information has been
provided.

Table 1.12: Installations for the preparation of waste to be used as fuel
[39, Militon, et al., 2000], [40, Militon and Becaud, 1998], [60, Azkona and Tsotsos, 2000], [61,
Weibenbach, 2001], [86, TWG, 2003], [150, TWG, 2004]

Preparation of municipal solid waste to be used as fuel
The current best estimate of the quantity of solid recovered fuels produced and consumed in
Europe is about 1.4 Mt/yr, as set out below.
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Country Producers Production Consumption - Export/Import+ | CK
kt/yr toe/yr kt/yr kt/yr toe/yr kt/yr %

Belgium 7 <100 <50000 <100 | <50000 | n.a. n.a. (100)

Denmark 1 0 0 0 0

Germany 19 500 250000 500 | 250000 n.a. n.a. 85
(650) | (325000) (650) | (325000)

Greece 0 0 0 0

Spain n.a. n.a. n.a. n.a.

France 3 0 0 0 0

Ireland <200 | <100000 <200 | <100000 | n.a. n.a.
(250) | (125000) (250) | (125000)

Italy 25 0 0 0 0

Luxembourg 23 0 0 0 0

Netherlands 250 100000 15 6000 -145 60000 | 20
(350)

Austria 26° 160 50000 100 50000 7

Portugal 8 0 0 0 0

Finland 10 170 58000 170 58000 n.a. n.a. 0

Sweden 4 ! ! +500 °

United 60 30000 60 30000 n.a. n.a.

Kingdom (100) (50000) (100) | (50000)

Iceland 0 0 0 0

Norway 29 : :

TOTAL 155 1380

toe/yr = tonnes oil equivalent per year (It is assumed that solid recovered fuel has a calorific value of 21 MJ/kg,
although it is lower in Finland and the Netherlands, and oil has a calorific value of 42 MJ/kg)

CK = % of consumption that occurs in cement kilns

The figures in this table are only indicative as they do not correspond to the same harmonised definition used

throughout the European Union

! There is no overall statistic for Sweden or Norway because this fuel is used in ordinary heat/power plants and in
waste incinerators without a demand for detailed specifications. Data for Sweden (2001) are: waste incineration
plants for district heating 856000 t/yr and power plants for district heating 455000 t/yr.

2 No exact figures exist, but approximate figures give 500 kt of waste imported in 1999. 90 % consisted of wood,

paper, plastic and rubber.

> A TWG member thinks that this value is too high but has not provided any alternative value.

Table 1.13: Summary of European solid recovered fuels market in 2000 in Europe
[21, Langenkamp and Nieman, 2001], [126, Pretz, et al., 2003], [150, TWG, 2004]

Industry’s best estimate of solid recovered fuel production in 2005 is about 11 Mt/yr.
(Table 1.14)
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Country Production Consumption - Export/Import + A 2000
kt/yr toe/yr kt/yr | toe/yr | kt/yr toe/yr %
Belgium 100 50000 100 50000 n.a. n.a. 0
Denmark 0 0
Germany 3000 | 1500000 4000 | 200000 | +1000 | +500000
0
Greece 500 250000 500 | 250000 n.a. n.a.
Spain 1000 500000 1000 | 500000 n.a. n.a.
France 1000 500000 0 0| -1000 | -500000
Ireland 500 250000 500 | 250000 n.a. n.a.
Italy 1000 500000 1000 | 500000 n.a. n.a.
Luxembourg 50 25000 50 | 25000 n.a. n.a.
Netherlands 1000 400000 600 | 240000 -400 | -160000
Austria 500 250000 500 | 250000 n.a. n.a. 400
Portugal 500 250000 500 | 250000 n.a. n.a.
Finland 350 120000 350 | 120000 n.a. n.a. 100
Sweden 500 250000 1000 | 450000 +500 | +200000
0
United 600 300000 600 | 300000 n.a. n.a.
Kingdom
Switzerland 0 0 0 0
Iceland 0 0
Norway 150 75000 150 | 75000 n.a. n.a.
Total 10750 | 5220000
Notes:  toe/yr = tonnes oil equivalent per year (It is assumed that solid recovered fuel has a calorific
value of 21 MJ/kg, although it is lower in Finland and the Netherlands, and oil has a calorific
value of 42 MJ/kg)
A 2000 = Difference from year 2000
It is assumed that no solid recovered fuel (SRF) is exported outside the European Union.
The figures in this table are only indicative as they do not correspond to the same harmonised definition
used t by the European Commission.
Note: Numbers within this table may not reflect the real number of installations or capacity. The main
reasons are that the market is so dynamic that numbers change rapidly and/or because no data have been
provided by the TWG at all on certain topics. Cells without numbers mean that no information has been
provided.

Table 1.14: Forecast/potential for the European solid recovered fuels market in 2005
[126, Pretz, et al., 2003]

The consumption of hard coal and lignite for power production in the EU was 145 Mtoe/yr in
1999 (European Commission 1999 Annual Energy Review). Using this figure, it can be
calculated that the total production of solid recovered fuel as forecast in Table 1.14 for 2005
(i.e. more than 5 Mtoe/yr) represents a substitution rate of 3.5 %.

Preparation of waste fuel from hazardous waste

The use of hazardous waste as fuel started in the mid seventies when the petroleum crisis
drastically increased the cost of the fuel oil and also when, in different countries, new
regulations were issued concerning waste disposal. As a large amount of energy rich waste
(mainly solvents) was available, the co-processing of waste in cement kilns was an obvious
answer to the situation on both environmental and economical terms. Later, in order to increase
the energy saving, more and more sophisticated pretreatment processes have been developed,
first to produce liquid waste fuel and more recently, i.e. in the nineties to produce solid waste
fuel.

Estimated data were provided by some EU companies and are shown below in Table 1.15.
These data are based on the market situation in EU-15.
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Preparation of waste fuel from Number of 2001 Production

hazardous wastes installations (kt/yr)
Liquid waste fuel from organic liquid 107 650
Liquid waste fuel from fluidification 7 108
Liquid waste fuel from emulsions 3 48
Liquid waste fuel 117 806
Solid waste fuel 26 465
Total 143 1271

Note: The data correspond to estimations established in December 2002

Liquid waste fuel (excluding oils). Data have been established for regrouping and
pretreatment plants from France, Belgium, the Netherlands, Germany, Italy, Switzerland,
Spain, Portugal, Ireland, United Kingdom, Sweden, Norway, Czech Republic and Slovakia.
The size and capacity of a liquid waste fuel pretreatment plant varies widely, from 5000 to
100000 tonnes/year. For regrouping facilities, the typical size of a plant ranges from 1000 to
20000 tonnes/year.

Solid waste fuel. Data have been established for pretreatment plant production in 2001 from
France, Belgium, the Netherlands, Germany, Italy, Switzerland, Spain, Portugal, Poland,
Norway and Slovakia. The average size capacity of a solid waste fuel pretreatment plant is
18000 tonnes/year, with capacities ranging from 2000 to 70000 tonnes/year.

Table 1.15: Production and site numbers of preparation of waste fuel mainly from hazardous
waste in EU-15
[122, Eucopro, 2003], [150, TWG, 2004]

1.3 Economic and institutional aspects 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.

Cost and price 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, where these 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, this 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 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
supraregional, national or even international basis mainly depending on the specialisation of
certain treatment operations.
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Impact of new waste legislation on the waste treatment sector

Waste production is avoided in accordance with Council Directive 75/442/EEC of 15 July 1975
on waste; where waste is produced, it is recovered or, where it is technically and economically
impossible, it is disposed of while avoiding or reducing any impact on the environment. It is
worth mentioning that the IPPC Directive would have a direct impact on the waste treatment
industry as well as on producers of waste.

Regulatory conditions are being put in place, some of them at EU level (e.g. 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. This will require the development of dedicated plants and, probably, equipment for
the treatment of specific wastes.

Whilst restrictions on landfilling, which will be introduced by the Landfill Directive, will
require more treatment of waste either prior to or instead of landfill, this may lead to the
continuing development of sites utilising stabilisation and fixation techniques. However, these
techniques are still quite basic and subject to a number of serious problems.

Waste oil treatment is also likely to increase and change, especially as the implementation of the
Landfill Directive bans the landfilling of oil/water streams from 2002 to 2007.

Regulatory compliance could be thought of as a separate function reacting to external forces, yet
in reality this is essentially the driving force for the entire facility. The market for waste
facilities is heavily influenced by dynamic regulatory programmes that continue to undergo
significant change. The operation of a facility is thus geared around managing waste in a
manner that meets, if not exceeds, environmental regulations. This is no easy matter due to the
large amount of regulation the industry is subject to.

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

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

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

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

Physico-chemical (Ph-c) 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 Ph-c 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 a significant reduction in Ph-c plant emissions. The reconfiguration
can affect all the functional areas of a Ph-c plant, including plant technology, process materials,
laboratory equipment, and even the general and specialist knowledge of the staff.
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Preparation of municipal solid waste (MSW) to be used as fuel

The history of use MSW as fuel goes back to the oil crisis of 30 years ago. Then RDF (refuse
derived fuel) was promoted as a substitute low cost fuel, although the fuel was never fully
accepted by the market. However, in the past 10 years 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 content of 50 - 60 % on biogenics, 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. At present the
main end-users are the cement and lime industries. However, the market potential for the future
is the power generating sector.

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.
Contrary to enforced changes 30 years ago due to the oil crisis, the producers of the waste fuels
took the initiative for a quality system that should guarantee the properties of the solid waste
fuel produced out of MSW and therefore make it a more reliable product. Quality systems exist
in several Member States now. CEN was given a mandate by the Commission to develop
standards for so-called ‘solid recoverd fuel’ (SRF) based on non hazardous wastes these are
currently underway.

The main outlets of SRF are currently in the cement and lime industries. The use in coal fired
power stations is an emerging sector. Steel mills use SRF as a carbon substitute. In Nordic

countries, SRF is mainly used for the production of heat in industries and district heating.

The breakdown of the fuel consumption used to produce cement is given in Table 1.16.

Fuel %
Petroleum coke 39
Hard coal 36
Fuel oil 7
Lignite 6
Gas 2
Waste 10

Table 1.16: Fuel consumption by the European cement industry
[126, Pretz, et al., 2003]

The specific energy consumption for cement is 3 -4 MJ/kg clinker. Assuming 0.75 kg
clinker/kg cement, a substitution rate of fuel of 30 — 50 % and a LHV of SRF of 19 MJ/kg, this
means there is a potential use of 6 —11 Mt SRF/yr. Assuming an energy consumption of
4 MJ/kg lime, at the same substitution rate as for cement kilns, this means a potential of 1 — 2
Mt SRF/yr could be used for an annual production of 20 Mt of lime.

The estimated use of SRF in hard coal and lignite for power production in the EU is 14 — 29 Mt
SRF/yr (supposing a substitutation rate at a minimum of 5 — 10 % on heat bases). The total
potential market for SRF may be 21 — 42 Mt/yr, which is a substantial amount of the SRF that
could be produced from MSW and other combustible wastes. There are large differences
between countries. Germany still has a lot of lignite and coal fired power plants. France, has a
policy geared towards using nuclear power plants, and therefore only has few coal fired power
plants. In the ‘CEN report on Solid Recovered Fuels’ [21, Langenkamp and Nieman, 2001] a
potential of SRF use is indicated as between 33 and 50 Mt/yr. The conclusion is that the SRF
production is increasing and can become an essential link in the waste management system.
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1.4 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.

The intention of this section is to give a short overview of the main environmental issues in the
sector. A more precise picture of the environmental issues of the sector is developed in
Chapter 3.

Air emissions

Most waste installations have emissions to air of carbon dioxide, ammonia and particulate
matter. Certain organic substances can be commonly identified at almost every site and it is
worth noting that most sites create some kind of particulate emission simply through handling
products. Issues such as odour and volatile organic compounds are also relevant. Other
contaminants that might be found at some sites are hydrogen chloride, ammonia, amines,
hydrogen sulphide. Other components that may occur are PAHs and dioxins mainly because
they are imported with the waste to be treated. These are a problem from both a health and an
environmental point of view. They are formed during the incomplete combustion of organic
matter (e.g. incineration, co-incineration, combustion of some fuels) and via reformatting during
cooling down of the off-gas. PAHs are relatively difficult to break down. Table 1.17 shows the
main air emissions from waste treatment operations.

Main air emissions Waste treatment operation
Acids (HCI) Incineration
Physico-chemical treatments
Ammonia Biological treatments
Physico-chemical treatments
Carbon oxides Energy systems

Thermal treatments
Biological treatments

Microbiological pollution Biological treatments
Biofilters
Nitrogen oxides Energy systems
(N,O, NO, NO,) Thermal treatments
Biological treatments
Sulphur oxides Energy systems
Thermal treatments
Particulates Energy systems
(including metals) Storage and handling of solids
Thermal treatments
Volatile organic compounds (VOC) Biological treatments

Waste oil treatments

Waste solvent treatments
Hydrocarbons/water separation systems
Storage and handling of organic substances
Note: Refer to Chapter 3 for specific emissions to different waste treatment operations.

Table 1.17: Main air pollutants emitted by waste treatments and their main sources
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Water emissions

Most waste installations declare an emission of total nitrogen, total organic carbon, total
phosphorus and chloride to water. Table 1.18 gives a summary of the main water emissions
from waste treatment operations.

Main water emissions Waste treatment operations
Chlorinated compounds (e.g. AOX) Waste solvents treatments
Metals (e.g. As, Cd, Cu, Hg, Ni, Sn, | Biological treatments
Zn) Common storage and handling of waste

Physico-chemical  treatments of  metal
extraction, finishing waste, fine chemicals and
organic manufacture.
Waste oil treatments

Organic chemicals Waste oil treatments

(e.g. BOD, COD, TOC, hydrocarbons, | Waste solvent treatments

phenols, BTEX) Energy systems

Total nitrogen Physico-chemical treatments
Biological treatments

Total phosphorus Physico-chemical treatments

Biological treatments
Note: Refer to Chapter 3 for specific emissions to different waste treatment operations.

Table 1.18: Main water pollutants (parameters) emitted by waste treatments and their main
sources

Waste 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 re-used 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, unprecautionary 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, the
waste treatment industry 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 undergroundwater monitoring, in order to prevent
and control soil and groundwater contamination.
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2 APPLIED PROCESSES AND TECHNIQUES

This section describes those treatments and processes within the waste treatments sector which
are included within the Scope of this document. This chapter is for those interested in gaining a
general understanding of the processes and activities found in the industrial sector, and for those
interested in the interrelationships between the industrial processes and the topics described in
later chapters of this document, i.e. consumptions, emissions and best available techniques.

Therefore, the aim of this chapter is not to replicate published engineering information already
available in general literature. This means that some techniques widely used in the WT sector
will not be described in this chapter because they are simple unit operations widely explained
elsewhere. For those techniques, summary tables will be presented which will highlight as far as
possible the purpose, the principle and the users.

Structure of this chapter

The processes and activities found in the WT sector are divided into six sections in this
document. Such structure/classification should not be interpreted as any attempt to interpret
IPPC Directive or any EC waste legislation. These are:

e common techniques. This covers those stages found in the waste sector that are generally
applied and that are not specific to any individual type of waste treatment (e.g. reception,
blending, sorting, storage, energy system, management). The unit operations associated
with these treatments are also covered. Figure 2.2 shows a flow diagram for a typical waste
treatment installation. The brown boxes correspond to the parts that will be covered in this
first section

e biological treatments and some mechanical-biological treatments (e.g. aerobic/anaerobic
digestions). The unit operations associated to these treatments are also covered

e physico-chemical treatments. This covers treatments such as precipitation, decanting and
centrifuging, solvent recovery and any thermal treatments not included in the WI BREF.
The unit operations associated to these treatments are also covered

e treatments applied to waste in order to enable the recycling/regeneration of materials (e.g.
catalysts, solvents, waste oils, etc.). The unit operations associated to those treatments are
also covered

e treatments applied to turn a waste into a material that can be used as a fuel in different
industrial sectors. The unit operations associated to these treatments are also covered

e end-of-pipe techniques used in waste treatment installations for the abatement of emissions.

Figure 2.1 and Figure 2.2 illustrate the classification mentioned above. This classification is also
repeated in each of the following chapters to maintain coherence and to make it easier for the
reader to cross-reference information.
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Common techniques (including mechanical treatments)

Biological or physico-chemical treatments

Waste Treatment Discard

Re-use

Re-recycling / regeneration of waste

Product/waste to
Waste Treatment be re-used

Discard

Preparation of waste to be used as fuel
Waste Treatment v :>Energy

Discard or re-use

Abatement techniques

Figure 2.1: Structure of the chapters

Note: This figure only tries to give a snapshot of how information is structured in this document.
Exceptions to any of these categories might be present and sometimes it is difficult to classify a
treatment under certain block.

Within the block ‘preparation of waste to be used as fuel’, the combustion process is not included
under the scope of this document. For further information, please refer to Scope section.

Such structure should not be interpreted as any attempt to give guidance if a waste treatment is
Recovery or Disposal under the EC waste legislation.

[150, TWG, 2004]
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--------------------- Abatement techniques (Section 2.6) ------

Figure 2.2: Typical operations in waste treatments and how these have been distributed in this
and subsequent chapters
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Many 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 technique, to help the reader
to easily assess the information within this document.

Name of the type of information Type of information included

Purpose A brief explanation of what this type of WT is used for

Principle of operation The type of process carried out and a brief explanation of it

Feed and output streams The type of waste that can be treated by the treatment, as well as
details of any products of the operation

Process description A brief description of the process. Where appropriate, figures and
diagrams will be used

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

Table 2.1:  Information contained in the description of each technique included in Chapter 2
[150, TWG, 2004]

Waste treatment installations

While the waste is in storage, a treatment schedule is developed that identifies the waste to be
treated, its storage location, any necessary preparations, the treatment method, and the rate at
which the waste is to be fed. At the start of the waste treatment, the waste is typically fed by
bulk materials handling systems, such as pipelines or conveyors, to the equipment used to
perform the prescribed treatment steps. Treatment operations may be carried out on a batch or
continuous basis.

Different types of approaches are common for waste treatment installations. They can broadly
be classified into three groups:

e waste installations included in the same place where the waste is produced. These typically
serve a rather small number of wastes types and can provide only a restricted number of
treatments

e specific dedicated waste installations, which may provide one or several operations but
which typically treat only a small number of waste types or which produce a relatively small
amount of output

e integrated waste treatment installations. Some waste treatment installations are not
standalone installations only containing a single type of treatment. Some of them are
designed to provide a wide variety of services, and they are designed to treat a great variety
of waste types. As mentioned in Section 1.1, waste treatment installations are designed to
produce required waste treatment services. For example, sometimes they are designed to
provide a certain type of treatment to deal with a large amount and variety of different waste
types (e.g. aqueous wastes, municipal solid wastes). Figure 2.3 is one example of such a
complex installation.
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Figure 2.3: Example of an integrated waste treatment installation
[53, LaGrega, et al., 1994]

Table 2.2 matches the operations carried out at WT installations with the components of
the fully integrated facility. It is important to note that all components operate under an
umbrella of a number of special measures. These special precautionary measures include
security, inspections, maintenance, training, incident prevention, emergency planning,
safety, monitoring, and auditing.

Operations subsystems

Facility components Pre-shipment Waste Waste storage Waste Solid
waste analysis | receiving and treatment outputs
preparation management

Analytical laboratory X
Truck waiting area
Gatehouse
Weighbridge

Drum unloading and
storage

Tank farm

Bulk waste and waste
preparation
Biological treatment
Physico/chemical
treatment
Stabilisation plant
Regeneration
Preparation of waste
to be used as fuel
Incinerator*

Landfill cells*

* Not covered in this document

P A A A

alle
e

o ORI AR

| | A A

Table 2.2:  Examples of operations subsystems and their components
[53, LaGrega, et al., 1994], [150, TWG, 2004], [152, TWG, 2004]

What processes are applied to each type of waste?
In order to select which type of treatment may be given to a certain waste, decision trees have
been developed.
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2.1 Common techniques applied in the sector

[40, Militon and Becaud, 1998], [50, Scori, 2002], [51, Inertec, et al., 2002], [S53, LaGrega, et al.,
1994], [56, Babtie Group Ltd, 2002], [86, TWG, 2003], [100, UNEP, 2000], [116, Irish EPA, 2003],
[119, Watco, 2002], [121, Schmidt and Institute for environmental and waste management, 2002],
[122, Eucopro, 2003], [126, Pretz, et al., 2003], [150, TWG, 2004], [156, VROM, 2004] [157, UBA,
2004].

This section discusses the pretreatments/activities or post-treatments/activities (see the
introduction to Chapter 2 and Figure 2.2) commonly used in the WT sector and included under
the scope of this document. It also includes some treatment activities that are commonly used in
the whole sector. For example, it includes techniques used for repackaging, crushing, sieving,
drying, blending, sorting, homogenisation, scrapping, fluidification, washing, baling, regrouping
and storage, transportation, reception and traceability control, as well as management techniques
used in waste treatment installations. Only those techniques important from an environmental
point of view are described in detail. Other techniques considered to be generic techniques or
very specialised techniques have not been described but have been listed in the two last sections
of this Section 2.1. Those techniques applied for the abatement of emissions (e.g. air filters,
biofilters, waste water treatments) are briefly mentioned in Section 2.6 and are widely analysed
in the last three sections of Chapter 4.

2.1.1 Reception, acceptance, traceability and quality assurance

For most WT plants, the following order is relevant: a) acceptance b) storage c) treatment d)
storage of residues and emissions. Each of the previous steps requires knowledge and control of
the waste as well as specific acceptance and processing management. Knowledge of wastes,
before they are accepted and treated, is a key factor for the management of a WT plant. The aim
of this section is to present the different types of controls and analyses which can be carried out
during the waste treatment process, from the pre-acceptance and arrival of the waste at the site,
to the final dispatch of the waste.

Pre-acceptance and acceptance procedures

Many WT sites (e.g. hazardous waste treatment facilities) require information and/or samples to
be provided prior to the transport of waste to the site, to enable them to ensure that the waste is
within the requirements of the site licence and will not adversely affect their treatment process.
Pre-acceptance includes taking a sample, filling out an identification form, carrying out the
analysis and then assessing whether the waste can be accepted into the installation. If it can be
pre-accepted, the waste is transported into the installation, where a second analysis is carried out
to once again help make the decision of whether to accept or reject the waste. Then the
acceptance procedure contains two stages: First, the pre-acceptance phase; and second the
acceptance phase.
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Pre-acceptance
Pre-acceptance procedures of wastes follow three main steps:

a. information is provided from the waste producer. For example, a specific formula about the
waste identification (main characteristics, health and safety considerations, how they are
produced, etc.)

b. preliminary and complete analyses are carried out in order to characterise the waste

c. on the basis of all the information, the operator makes the final decision on whether to
accept the wastes into the installation or not (bearing in mind the specifications included in
its permit and other process requirements). There are always rules to accept wastes as
complying with the description. Some of these rules are developed at national level and
others are developed at installation level. For example, this can be certain percentages of
differentiation or parameters restricted by the permit. In certain cases, a risk assessment may
be carried out. The waste processor can evaluate the risk of contravention of certain rules in
this way (e.g. national rules). An example of classification of the risk in the pre-acceptance
phase may be:

e waste is classified as ‘high’ risk if the waste or the client are new
e waste is classified as ‘low’ risk if:
* itis a known waste from a known client and
= the waste is predictable in properties and composition and
= there are low risks of contamination or dilution of the waste with other wastes
or material.

In certain cases, part of this procedure (e.g the analysis) may have to be adapted, e.g if
dangerous conditions for sampling occur at the time or when there is a very small quantity of
waste.

The purpose of the full characterisation before shipment is to satisfy the following requirements,
to:

e determine if the waste is acceptable for receipt at the facility in terms of:
= the facility’s permit
= the capability of the facility to treat or dispose of the waste

e identify the inherent hazards of the waste so that appropriate precautions can be taken
during its handling and storage at the facility to prevent incidents

e determine the physical characteristics and chemical constituents of the waste to allow
selection of effective waste processing and disposal methods

e select the verification parameters to be tested upon arrival at the facility. These parameters
can ensure that each shipment of waste is the same type as the fully characterised waste

e select any treatability parameters to be tested that could vary, so as to influence how waste
processing would be programmed

o develop an estimate of the cost of treatment or disposal of the waste.

Acceptance
Upon receipt, a unique code is assigned to the waste containers, or batch, to ensure that the

waste is traceable at all times. Individual containers or specific storage locations are marked
accordingly. Some waste oil recovery companies tend to check the incoming feedstock by
interviewing the truck driver and subjecting top and bottom samples from the truck to visual and
olfactory inspection. A classification of the risk in the acceptance phase may be:

e wastes with high risk classification are typically always analysed at delivery

e wastes with a low risk classification are occasionally tested on conformity with the data
from the pre-acceptance phase. The process of acceptance is typically guided by receivers
with a role independent from process operators or waste acquirers. The whole procedure
classifying the risks of non conformity with data from the pre-acceptance phase and the
description of roles and responsibilities of the various persons involved in waste acceptance
is typically part of the waste analysis plan.
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Upon accepting the waste, the facility signs a declaration and sends a copy to the waste
producer (originator). At that point, the facility may share liability, in some cases, with the
producer and the transporter. In other cases, the waste producer maintains the responsibility of
the waste treatment until the last treatment is performed. Thus, it is critical that the pre-shipment
waste analysis has already been completed and the shipment scheduled. Without prior
scheduling of the incoming shipment or if the shipment is improperly documented, the
gatehouse will refuse entry to the truck.

Sampling and analysis

A proportion of the waste is screened at the site. The level of screening is a function of the
amount of processing to be carried out, and the size of the container. For example, materials to
be treated in an adjacent plant will be tested to check compatibility, as will drums of material for
bulking and onward transfer. Screening systems vary from site to site according to the type of
waste and its subsequent treatment. For example, screening may involve an initial check of the
pH level, odour and flashpoint as the materials are unloaded, followed by a more detailed
screening against the stated contents on the packing lists for materials that will be decanted at
the site.

The way sampling and any analysis is carried out may vary depending on the purpose of the
checks, for example pre-acceptance, acceptance, reception, process analysis, traceability,
dispatch analysis, reception at the final user site or external analysis. CEN TC 292 work
provides information on sampling and sample preparation. Some more information is also
available in Section 3.7.

Laboratory

Upon collection of the sample, the laboratory typically analyses a portion for the verification
parameters and retain the remainder for subsequent testing of treatability parameters. Upon
verification of the waste shipment, the truck is directed to an unloading area where it is emptied
and then reweighed before it leaves the facility. The essential tasks of the laboratory are:

acceptance and identification
establishing the treatment programme
process control

final inspection.

A waste analysis plan is a critical part of a facility. The plan specifies the parameters for which
each waste will be analysed, the sampling and analytical methods to be used, and the frequency
of analysis. Before a facility treats, stores, or disposes of a waste, it must profile the waste,
including a detailed chemical and physical analysis of a representative sample of the waste.
Commerecial facilities require this full characterisation prior to shipment by the waste producer.
Representative sampling of a waste shipment is conducted upon arrival at the facility to verify
that the composition of the shipped waste matches the information given on the fully
characterised waste sheets.

Plant laboratories assume central importance, for example in physico-chemical treatments of
waste waters. Both process simulations to establish treatment programmes and analytical work
is undertaken to determine the sequence of processes in the sense of process controls as well as
emissions (waste water, exhaust air); the treatment programme contains exact instructions
regarding how the waste is to be treated, which chemicals are to be used — according to type and
quantity/dosage — and which controls and documents are drawn up. One example of these
interrelationships is diagrammatically represented in Figure 2.4.
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Waste acceptance
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Figure 2.4: Simplified flow chart of an example of checking/inspection in a physico-chemical
treatment plant of waste waters
[121, Schmidt and Institute for environmental and waste management, 2002]

Reception

Typically, wastes are physically inspected when they arrive at the site, to check the integrity of
the containers and to visually verify the waste type. Most sites have a regular daily inspection of
containers’ integrity at the site.

Waste shipments typically arrive by truck at a facility’s gatehouse. Scheduled and properly
documented shipments are directed to the receiving station where any packaging is checked, the
loaded truck is weighed, and representative samples are collected to test the verification
parameters. The waste may arrive as bulk liquids in a tank truck, containerised liquids or
sludges in drums, bulk shipments of contaminated soil in dump trucks, or by a number of other
methods. Collecting a representative sample can pose a difficult task considering that a waste
may be in multiple phases and states or have pockets of high contamination. The receiving
station must use previously established procedures for each situation to ensure the collection of
a representative sample.

The mere ‘emptying’ of a truck can pose a difficult challenge if the waste has stratified, a
container has leaked, or if a solidification reaction has occurred. For such abnormal
situations, facilities typically plan procedures and are prepared with special equipment to
resolve such problems. Finally, the truck may need to be cleaned to remove any trace
residues.
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[80, Petts and Eduljee, 1994]

Quality assurance systems

Example of waste reception and acceptance at a facility handling bulk liquids and

One part of the waste management in the installation is the logistical organisation, for example,
of solid waste fuel processing. By choosing and using specific waste materials, solid waste fuel
producers set a kind of quality assurance themselves. Quality assurance systems already exist
and further regulations are in the development phase.

In the past, solid waste fuel was mainly produced from process related wastes as mono-batches
which were easier to handle because of their constant qualities. Nowadays, high calorific
fractions of municipal solid wastes and of other mixed wastes are in the picture as a source for
the production of solid waste fuel. The aim of a quality assurance system is to attain and ensure
constant qualities to increase acceptance by end users and permitting authorities. The
requirements mainly concern product quality.

2.1.2 Management techniques

This section covers operational management and emission management in the installation.
Some special precautionary measures need to be applied regarding:

security

inspection and maintenance
incident prevention
emergency planning
employee training

safety

monitoring

audits.
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Accidents

Accident risk is inherent when dealing with waste and in particular hazardous waste. Wastes are
heterogeneous in nature and are often intrinsically aggressive to plant and equipment. Any
failure in the management of the waste, from the process of characterisation and checking of
wastes to the operational control reactions and the mixing of wastes, will significantly increase
the risk from unwanted or runaway reactions.

2.1.3 Energy systems

Energy management issues are discussed in this section. Installations for the generation of
steam and/or power are not covered here because they are covered by other BREF documents
(e.g. large combustion plants, waste incineration).

Heat and power are needed to run an installation. Some common site equipment using fossil
fuels include fork-lift trucks, small boilers, shredders and grinders. These take a mixture of
standard vehicle diesel fuels, and a range of fuel oils. Some of this equipment can be electrically
or even pneumatically powered. Some sites have on site boilers for steam production.

The main uses of energy on a waste treatment facility are:

o heating, lighting and power in facility buildings
power for treatment processes and facility equipment, such as pumps, air compressors,
centrifugues, etc.

e fuel to power vehicles.

Good design and management of energy systems are important aspects of minimising the
environmental impact of a waste treatment facility.

2.1.4 Storage and handling
The objectives of storage are to:

e store the waste safely before its introduction as feed into the treatment

e provide adequate accumulation time. For example, during periods when treatment and
disposal process systems are out of service, or when there is to be a time separation 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.

e uncouple the treatment and dispatch of waste

e allow effective use of classifying procedures to be made during storage/accumulation
periods

e facilitate continuous treatment processes. Continuous treatment processes are not capable of
reacting to sudden and significant changes in 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. Storage/reservoirs must
therefore be set up before the actual treatment in Ph-¢ plants under continuous operation

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

o allow the staged input of various wastes with reagents to the subsequent unit treatment
processes

e collect a reasonable amount of waste prior to sending for certain treatments (e.g. transfer
stations).
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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 packer 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 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

part of tanker loads can be stored to await further material to make up a full load.

Decanting the waste reduces the tonnage of packaging materials associated with the onward
transfer; and 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, that may need a controlled and checked stream of material for their
process.

One role of waste solvent facilities is to regroup and recondition of small volumes (drums, etc.)
to prepare then as fuels or to regenerate a solvent that can be re-used. The goal of a solvent
regroupment/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 may be
processed at an adjacent site within the same complex, or it may need to be transferred to other
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 all involve different
techniques. Solids are transported by: conveyor belts, fork lift trucks, trucks, pneumatic
conveyors, load shovels, cranes, walking floor, etc. Liquids and semi-liquids are transported by:
pumps, pipes, conveyor belts, screws, elevators, etc., and gases by: compressors and pipes.

Due to consistent efforts to avoid waste arising and the separate collection of any waste arising,
the handling of small quantities up to approx. 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).

Package acceptance
Physico-chemical treatment plants accept waste, by tanker, truck, pipeline or ship, and generally
store the waste prior to treatment, either in small containers or tanks.

Washing and cleaning of vehicles and receptacles/containers

After delivery and emptying, the vehicles/constructions and receptacles/containers could be
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.
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Because of the many different kinds of drums/containers/constructions, the cleaning — apart
from the exceptions — 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 re-use 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
chlorine-organic adsorbable materials in the waste water of a Ph-c plant (AOX value) is 1 mg/l,
and this concentration can be affected by left over concentration in the refilling (e.g. by residues
with corresponding AOX ingredients). Typically, a separate treatment of cleaning waters is
carried out in order to assure 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
maximum capacity of the facility is 10 containers per hour. The working movements of the
handling devices are carried out hydraulically. The cleaning devices are supplied with water by
two high pressure pumps with a capacity of 132 kW each. The wash-water is run in a closed
loop over the existing water treatment system.

Reclamation of containments

The majority of incoming containers (glass, metal or plastic) are shredded or crushed prior to
recycling or disposal. Some drums and IBCs are sorted for re-use within the transfer operations
and others are washed (or vented) prior to re-use or sale.

Drum emptying may be a simple bulking operation, and a sensible screening operation to check
the contents of drums prior to landfill, as happens in some countries. The latter mentioned
practice is actually forbidden by the Landfill Directive.

Ways of storage and facilities

Tank farms can be an integral part of a transfer and bulking operation, or can operate as stand
alone activities. Bulk storage is likely to becoming more common as more wastes require
treatment under the Landfill Directive. As this occurs there is likely to be difficulties in
matching the wastes arising to the finite capacity of treatment plants, and consequently more
interim storage units will be needed. Attention is drawn to the Storage BREF, the Seveso 11
Directive and to national regulations.

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, as for example closed building (e.g. with an appropriate filtering system and exhaust gas
treatment to lower odour and air emissions) and handled with a crane, travelling crane or
conveyor belt or silos (e.g. cylindrical or parallelepiped silos with a screw or a walking floor to
extract the solid waste).

Upon unloading, the wastes are moved into storage, which may consist of tanks or
impoundments for bulk liquids, hoppers for solids and sledges, or pads and warehouses
for containers.

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

Storage areas are often the most visible aspects of the installation. The key issues for operators
to address in relation to waste storage on the installation includes the following:

location of storage areas

storage area infrastructure

condition of tanks, drums, vessels and other containers

stock control

segregated storage

containment used to protect the environment and workers health.
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Containers used to store shredded drums or intermediate bulk containers (IBC) are also covered
in this document.

An important safety consideration in storage and handling is fire prevention and protection.

Laboratory smalls essentially consist of substances in containers of 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 litre or other sizes
depending on the further treatment) in either designated enclosed buildings with positive
ventilation and flameproof lighting, or within open-sided roofed areas.

Tanks are also used to store wastes. This may be part of a medium scale bulking operation to
ensure that part tanker loads are bulked to give a full load for onward transfer to the next
process; or a large scale tank farm operation. The former tends to have limited controls, similar
to the storage of fuels on the site. Tanks are typically in the open, on hard-standing 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 disabled, the waste may instead undergo continuous
agitation to maintain a state of homogeneity.

The storage, treatment and after-treatment functions are not separated but rather take place in
the same container. A batch treatment process is used.

Storage capacity

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

Emptying of containers

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 conveying band by a handling device, transported to the pre-
selected 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 (8 in total) 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 pre-selected by a control system.

Computer-controlled high rack storage area for hazardous wastes

The high rack storage area serves as a secure storage and control area of wastes which have
been delivered in closed containers. Non-packaged wastes cannot be put in storage. The storage
area has 1680 storage positions in 2 store vessels and is geared to 250 to-bin and from-bin
transfers. For these transfers the high rack area disposes of chain conveyors and bucket
elevators. For fire prevention the reception area has fixed fire extinguishers that are coupled
with acoustic alarm signal systems. Additionally, portable fire extinguishers are installed. From
the high rack storage area, the wastes are transferred to the individual facilities where they are
disposed of, recovered or pretreated for disposal or recovery.
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Handling of materials from a Ph-c plant

The handling of material requires its correct packaging and load safety. Small quantities are
packed in packaging units that are easy to handle, e.g. bottles or boxes. Large quantities in
containers of, e.g. 100 to 12000 litres content volume. Prior to treatment, the units/containers
have to be emptied. For this purpose appropriate devices are necessary, €.g.:

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

In order to limit the variety of technical devices and, in order to ensure handling, the packaging
units/containers are safe and efficient. The units/containers are combined with the systems. The
emptying process requires:

experienced staff

knowledge about material/wastes

safety equipment/devices

measures/facilities for emission control

suitable and easily manageable intercepting tanks
regulation of the destination of the emptied units/containers.

Likewise, the upper bodies of the transport vehicles have to be 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. Without regard to the
kind of their subsequent utilisation these enclosures have to be completely emptied and cleaned.
As experience shows, 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. It is advantageous for the process flow if the solid material can be transported in a
lower container (folding plates, slides etc.).

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

e the units/containers are disposed of as waste and the adhesive residues of the transported
waste do not make a difference
e if 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 consistency. 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 vapour) and/or adding of solvents and/or tensides.

2.1.5 Blending and mixing

Wastes, once produced, should in principle be kept separate from other wastes. The reasons for
this are that the re-use/recovery of homogenous streams are generally easier than that for
composite streams. Under certain conditions, however, different waste streams can be processed
just as well, or sometimes even better if they are composite. In this section, it is explored the
different rules that may be applied on whether or not mixing/blending may be allowed and
under what conditions this should be carried out.
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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).

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 strengths. This is particularly true at most commercial treatment facilities. Mixing can
control such variations to a range that will not upset the performance of the subsequent unit
treatment processes. However, this issue should not be confused with dilution and this is the
reason why these treatments are many times prohibited (e.g. hazardous waste and landfill
Directives) over a wide range of concentrations. 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.

As is prescribed in the Hazardous Waste Directive 91/689/EEC, mixing and blending operations
are not permitted unless this is explicitly established in the licence of a collector or processor.
An exemption from the permit requirement may be applied by the competent authority if
establishments or undertakings carry out waste recovery and if competent authorities have
established general rules for each type of mixing and blending laying down the types and
quantities of waste and the conditions under which the mixing and blending may be applied and
if Art 4 of the Waste Framework Directive is taken into account by establishing these general
rules for the concerning establishments and undertakings. In this exemption case, registration of
the establishments and undertakings is mandatory in order to ensure that the establishments and
undertaking comply with the stated general rules. The following basic principles apply for
granting such a licence:

e the mixing of wastes must be prevented from leading to a risk to human health and adverse
effects on the environment

e mixing must be prevented from leading to any of the wastes to be mixed being treated or
processed to a lower quality level than is desirable

e the mixing of wastes must be prevented from leading to environmental damage by the
diffuse dispersal of environmentally hazardous substances.

The following elaboration of the basic principles for the mixing of waste applies to both
hazardous and non-hazardous waste. Hazardous wastes must be kept separate from one another.
Mixing can only be permitted if it will not result in risks to humans and the environment, and if
there will be no problems with safety due to the mixing for all types of operations (for example
safety risks for workers, neighbours of the plant etc.). Article 2, paragraph 3 of the Hazardous
Waste Directive states that such an operation can only take place if a licence has been granted.
Conditions may be attached to a licence, making it possible for the hazardous wastes referred to
in the licence to be mixed with other (hazardous) wastes, preparations and other products
referred to in the licence. Where the primary function of mixing wastes is to achieve dilution of
a specific species in order to comply with less stringent regulations, this is prohibited. Within
the boundaries of the licence for mixing and blending, the waste treatment manager is
responsible for writing and applying operational guidelines on mixing and blending. Firstly, the
basic principles for granting a licence are elaborated. Secondly, principles and considerations
are given for writing operational guidelines for mixing and blending given these boundaries of a
permit.

Principle of operation
Mix two or several wastes in order to typically generate a single output.

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

The basic principles referred to above in the purpose section (risk prevention, substandard
processing and prevention of diffuse dispersal), have, as their main objective, protection of
human health and of the environment against harmful influences and promotion of the recovery
of wastes within these boundary conditions. For the sake of a high level of protection and
effective supervision, these general basic principles need to be translated, in licensing
procedures, into operational criteria on the basis of which it can be clearly determined if the
mixing/blending of wastes can be allowed. The following elaboration of the basic principles is
prescriptive:

e the mixing of substances that react strongly with each other (heat, fire, gas formation) or
explosive substances (explosion) must be prevented. Mixing must be prevented from giving
rise to risks to human health and the environment, both during the mixing operation itself,
and during the subsequent treatment process. For licensing purposes, this means that the
acceptance and processing policy of licence-holders is drawn up in such a way 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

e the mixing of wastes must be prevented from leading to a lower level of processing waste
than the best possible level of waste management or from leading to the application of non-
environmentally sound waste management. This means, for example, that if a recovery
operation is the minimum standard of processing a waste stream mixing of such wastes with
other wastes in order to bring the mixture to any disposal route shall not be 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 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 POP content below the defined low POP content is not
allowed because this is not environmentally sound

e the mixing of wastes must be prevented from leading to the undesired diffuse dispersal of
environmentally hazardous substances. The effects of diffuse dispersal are determined by
the type and concentrations of environmentally hazardous substances in combination with
the processing route to be chosen, the emissions occurring and the quality and purpose of
the residual substances released. In combination, it must be assessed 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 must also take into consideration the cyclical character of future re-use.

For solid wastes, the waste may be mixed with a crane, a closed mixer or a closed mixer with a
turn-cup and an axis with knives. Blending operations generally involves large volumes, i.e. the
discharge of tankers into tanks.

Users

Blending and mixing is typically applied only when quality and analytical values of the waste
inputs are under or equal to the values of acceptance in the planned output treatment plant.
These operations take place in all waste treatment activities (biological treatment, fuel
preparation, contaminated soils, waste oils, etc.), and sometimes are quite specific to each WT
activity. Some of these issues are also covered in the individual sections for each WT activity.

40 Version May 2005 MA/EIPPCB/WT_Final Draft



Chapter 2

2.1.6 Decommissioning

Purpose

The purpose of decommissioning is to return the facility, on surrender of the waste licence, to a
condition suitable for the selected afteuse. The importance of a proper closure is such that
development of a closure plan is a necessity, since it will provide and document a plan for the
final closure of a site prior to the startup of operation. This also fits in with a life cycle
assessment of a planned site.

Principle of operation

For the decommissioning, the operator typically needs to demonstrate that, following
decommissioning, the condition of the site will not cause, or be likely to cause, environmental
pollution.

A closure plan needs to provide a clear and orderly set of actions and methods to be followed
upon cessation of all operations at a facility. The steps need to be designed to ensure that the
closed facility (a) poses a minimal risk to human health and the environment, and (b) requires
minimal post-closure maintenance.

Feed and output streams
Not applicable.

Process description
The extent of the decommissioning/restoration will be dependent on the types of materials
accepted, the design of the facility and the selected afteruse.

The cessation of waste acceptance at a facility typically initiates a review of the waste licence.
This review allows the licence to be surrendered or amended to reflect the change in activities
on site.

A closure plan requires assurance that funds are available to close the facility even if the facility
owner starts bankruptcy proceedings. This assurance can be in the form of a bond, corporate
guarantee, or some other financial instrument. The monetary amount is determined based on a
cost estimate prepared as part of the closure plan. For example, the cost estimate may be equal
to the maximum costs of closing all the waste management units ever activated at the facility.

Closure of a storage or treatment facility requires removal of all the remaining waste to another
facility. All equipment and structures that had been in contact with waste must also be
decontaminated. This may entail removal of concrete pads used to hold waste containers, as
well as contaminated soil where leaks have occurred.

Users
Applicable to the whole WT sector.
2.1.7 Treatment of smalls

Purpose
The aim is to identify different types of wastes for their correct treatment.

Principle of operation
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.
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Process description
The system is divided into three spatially separated parts:

e 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)

e packing treatment for emptying fluid containers with a volume of 0.1 to 200 1. The small
volumes are combined for the purpose of creating large batches (solvents or acids). These
are disposed in the downstream high temperature incineration or recovered in the in-house
physico-chemical treatment plant. A downstream facility crushes the emptied containers

e treatment of plant protection products, reactive and odour intensive substances in an special
cabin.

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

2.1.8 Size reduction

Purpose
Adapt the waste solid granulometry for further treatments or to extract wastes which are
difficult to pump or decant. Reduces the particle size.

Principle of operation
Techniques used in the installations are shredding, sieving, fractionating, conditioning and
confectioning. Slow motion shredders, hammers and dedicated shredders are used.

Feed and output streams
Bins and aerosol cans are fed into the system. The gases are treated in a cleaning facility and the
liquid and solid components are disposed of or sent for recovery.

Process description
Some examples are described below:

Bin shredder

The treatment facility consists of a shredder for the comminution of empty, half empty and full
bins with sizes ranging from 11 to 1000 litres. The feed system works with an electronic wheel
loader. The shredder itself is placed in a pressure surge-proof channel of 12 m 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. The released exhaust gases are treated
in a regenerative post-combustion facility. Other protection devices are a double-layered
vacuum controlled polyethylene high density foil on the bottom and an automatic nitrogen and
water flooding in the closed channel.

Aerosol can shredder

The treatment facility consists of a shredder for aerosol can crushing, two condensation units
and one collecting tank. The collecting tank has a filling device for condensed and warmed
(outside temperature) gases. This tank has also a nitrogen supply device for cooling the
condenser and for the inertisation facility. Other parts of the facility are a collection tank for
liquid waste solvents and a bin for scrap metal. The shredder crushes the aerosol cans
batch-wise. The shredder works in a nitrogen environment (inert) and is gas-proof. The gases
and other active agents that may still be contained in the aerosol cans are released within the
shredder. These released gases (mostly propellants) are run over the condensation unit and
condensed. The condensate is stored in a gas collection tank. In the next step the gases are filled
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into compressed gas cylinders and transported to an incineration facility for hazardous waste.
The uncondensed gases are transported to a regenerative exhaust air cleaning facility, where
they are combusted. The solid residues from crushing (scrap metal) are separated from the
liquid substances. The liquid and the solid components are separately discharged over different
locks. The solid components, e.g. metal fraction, are forwarded to recovery or disposal. The
liquid compounds, e.g. paint and hairspray, are temporarily stored in a tank and then decanted
into 800 litre bins. The 800 litre bins are transported to a combustion plant for hazardous wastes
where the liquid waste is used for auxiliary firing (thermal recycling).

Users

Bin and aerosol can treatment facilities. Preparation of waste to be used as fuel. Applied to
different types of waste as plastic or metal drums, oil filters, municipal solid waste, solid bulk
waste, waste wood, aerosol and glass.

2.1.9 Other common techniques

This section contains generic techniques used in the waste treatment sector. They are mainly
mechanical treatments. They are typically used as pretreatments but some are also used as
post-treatments (e.g. sieves). They are shown in Table 2.3, which also states the purpose of the
treatments and where they are used.

Technique Purpose Users

Cleaning Remove contamination that would otherwise PCB capacitators and
prohibit waste materials being recovered transformers

Re-packaging Due to the disaggregated nature of some types of | Used for municipal solid waste

(e.g. baling) waste, it is sometimes necessary to compact to be used as a fuel and for
them to make them easier to use in the following | plastic, paper and metal bales
process. The size and form of the bale is
Pressure machinery is used to pack the waste typically optimised for its
into a certain physical form transport and re-use

Screening

Sedimentation Solid components within the fluid wastes are Preparation of liquid waste fuel

separated and the wastes are pretreated for
further processing

Sieving Used to separate big particles. Vibrating sieves, | Preparation of waste to be used
static sieves and rotary sieves are used as fuel

Sorting and

scrapping

Washing One purpose for washing may be to enable the Most treatment plants
re-use of drums into the installation or for incorporate a road tanker
selling to other installations for re-use. washing-out facility to enable the
Drum washing operations often include no real removal of residues from vehicle
treatment other than washing and settlement. tanker barrels.
A number of reprocessors wash the oil filters May also be applied to storage
and provide a semi-cleaned metal fraction for tanks and drums.
recycling Ph-c treatment plants

Table 2.3: Common techniques applied in waste treatment
[86, TWG, 2003], [122, Eucopro, 2003], [150, TWG, 2004], [156, VROM, 2004], [157, UBA, 2004]
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2.1.10 Examples of waste treatment installations where only the common
techniques are applied

Some waste treatment activities are very specific and particularly related to the type of waste
that is processed. Some examples are listed below.

Cleaning transformers containing PCBs
Technologies, for cleaning transformers can be divided into three main categories:

e draining of the PCB oil from the transformer, followed by decontamination of this oil, and
reinjection of the cleaned product into the transformer for re-use

e cxtraction of the PCB oil, by solvent washing of the transformer, followed by dismantling
and further decontamination of the components to allow recycling of the metal components

e after suitable pretreatment, PCB oils may be treated with hydrogen at elevated temperatures.
Here, the transformers are not recovered as such.

One example of the second case is the following: Carcases of used transformers are cleaned by
means of trichloroethylene (TCE) wash. Here, the carcase is filled with the solvent and allowed
to stand for an extended period before the solvent is replaced with fresh TCE. This operation is
repeated (typically three times) until the carcase passes the requisite ‘swab test’. During the
cleaning operation, the transformer carcase is left open to the atmosphere or loosely covered
with a steel plate. As a consequence, the activity results in evaporative losses of TCE to the air.

Typically this activity is carried out at specialist sites, which clean the PCB contaminated
transformers and bulk the PCB contaminated oils. Their wastes: oils, drums, cleaning waters
and cleaning solvent sludge are all sent for off-site incineration.

Cleaned transformer carcases and windings are sent for reclamation after thorough cleaning
with TCE.

Cleaning of capacitors containing PCBs

Capacitors are similar to transformers in that they are made up of an active core, held in a
metallic casing. However, the active core is not copper windings, but instead consists of
interwoven rolls of fine aluminium foil, separated by thin films of paper and/or plastic. The
techniques used for cleaning these capacitors are:

o the casing of the capacitor is removed and decontaminated by solvent washing; this is a
straightforward decontamination process since the casing is non-porous. The core is
incinerated

e the possibility of going one step further and treating of the core after its removal from the
casing. This decontamination step usually involves a shredding of the core, and treatment
with a solvent. This allows the level of residual PCBs to be reduced

e the technology which allows the largest amount of recycling is similar to the above, but this
also treats the mixed aluminium/plastic/paper residue to separate out these components, by
solvent washing. The aluminium metal can then be re-used; the only component to be
disposed of is the mixed paper/plastic shreds.

Aerosol crushers

The aerosol destructor may take manufacturing rejects or materials from collection banks. The
potential contents are usually known. These can include propellant gases (this could be LPG,
butane, propane, dimethyl ether or HCFC) and the active ingredients. A proportion of the
aerosols are empty whilst others may still retain certain propellant gases, although this number
is not quantified. Other rejects may have failed their pressure tests and will probably loose
propellant on the way to the destructor unit. Any propellant still in the aerosol cylinders
constitutes a risk of accident during the treatment.

At least one installation in France deals with aerosol treatment.
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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
industry glass. Sites typically do not take coated glass from electronic equipment.

Fluorescent tubes/lamp processing

Separate mercury from lamp tubes. Currently, this is a tiny activity in some countries, but
existing operations are now experiencing an increasing demand for their services. At this time,
most use a crushing process. However, another process recently developed is a process without
crushing with a 99 % recovery of the mercury.

Treatment of wastes containing CFCs

In the EU, it is mandatory to collect CFCs for disposal. It is usual that the lubricating oil
collected from the draining of refrigerants is also treated to remove residual CFC prior to being
recovered. CFCs can later be incinerated. Few incineration plants in the EU have HF recovery.
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2.2 Biological treatments of waste

[31, Greenpeace, 2001], [32, DETR and DTI, 2001], [33, ETSU, 1998], [51, Inertec, et al., 2002] [53,
LaGrega, et al., 1994], [54, Vrancken, et al., 2001], [55, UK EA, 2001], [56, Babtie Group Ltd,
2002], [59, Hogg, et al., 2002], [80, Petts and Eduljee, 1994], [81, VDI and Dechema, 2002], [86,
TWG, 2003], [114, Hogg, 2001], [117, DG Env, 2001], [132, UBA, 2003], [138, Lanfranchi, 2003],
[150, TWG, 2004].

Biological treatment uses living micro-organisms to decompose organic wastes into either
water, CO, and simple inorganics or into simpler organics such as aldehydes and acids. There
are several biological treatments used for the treatment of wastes, however, not all are included
in the Scope of this document. Table 2.4, together with information included in the Scope
section, tries to clarify which treatments are included in this document.

Included in this
document?

Biological

treatment Brief description

Included as a waste
water treatment (see
Section 2.6)

Decomposes organic wastes in water by
exposing waste to biological growth. Water is
recycled and aerated to facilitate biological
action and a sludge is generated. Two commonly
applied systems: suspended growth systems and
attached growth systems

Activated sludge

Included as a waste water
treatment (see Section
2.6

Aecrated lagoons Large lagoons containing high concentrations of
micro-organisms. The lagoon is aerated to
encourage bacterial growth and decomposition of

waste

Composting

‘Engineered’ mounds of waste are built to
encourage the biological breakdown of organic
solids, producing a humic substance valuable as a
soil conditioner

Not included in this
document

Aerobic digestion

Reduction of the organic content of waste.
Applied to solid waste, non-continuous waste
waters, bioremediation and to sludge and soil
contaminated with oil

Mechanical biological
treatment (see Section
2.2.2 and Section 2.2.3)
Only ex-situ
bioremediation covered
in this document

Anaerobic digestion

Decomposes organic matter in closed vessels in
the absence of air. Uses two forms of bacteria:
acid-forming and methane- forming. Applied to
solid-liquid wastes, highly contaminated waste
waters (e.g. chlorinated compounds),
bioremediation and in the production of biogas to
be used as a fuel

See Section 2.2.1 and
Section 2.2.3

Only covered the ex-situ
bioremediation

Table 2.4:

Biological waste treatments

2.2.1 Anaerobic digestion

Purpose

Anaerobic digestion is used in industry to handle very high COD wastes and as a treatment
process for sewage sludge after an aerobic treatment of the waste waters. The production of
biogas from controlled anaerobic digestion is one of the principal advantages of the process.

Principle of operation

Anaerobic digestion involves the bacterial decomposition of organic material in the (relative)
absence of oxygen. One of the main limits on the anaerobic digestion process is its inability to
degrade lignin (a major component of wood). This is in contrast with the process of aerobic
biodegradation.
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Feed and output streams

Anaerobic processes may be used to directly treat liquid wastes, the biological sludge generated
by an earlier aerobic stage, organic solids and sludges. The inclusion of other feedstocks, such
as sewage sludge, alters the resulting digestate. However, it is important to note that the mixing
of household waste with these feedstocks can improve both the environmental and economic
aspects of the process and has already been adopted in a number of plants (particularly,
co-digestion with slurries and manure at small scale farm-based plants).

In the process, carbon from incoming organics is mostly converted to methane and carbon
dioxide, and then released as biogas, which is capable of being combusted to generate energy or
be used as a fuel to abate VOC emissions for example. The proportion of methane to carbon
dioxide will vary with the waste stream and the temperature of the system. The system needs to
have a balanced feed to maximise methane production. Installations usually target carbon rich
wastes, that will make use of the available nitrogen (and probably the extra required through
bioaugmentation).

The anaerobic digestion process leads to a production of methane, with a theoretical methane
production of 348 Nm®/tonne of COD. In general, anaerobic digestion produces 100 — 200 Nm’
of COD per tonne of biological municipal waste processed. Biogas generation is very sensitive
to the feedstock, one plant found volumes ranging from 80 to 120 Nm’ per tonne depending on
the waste input. Biogas can be used to produce electricity (for internal consumption and/or for
export) it can be burned in boilers to produce hot water and steam for industrial purposes, and it
can also be used as an alternative fuel in light and heavy duty vehicles. Biogas has a typical
composition of 55 —70 % methane, 30 — 45 % carbon dioxide and 200 — 4000 ppm hydrogen
sulphide.

The semi-solid residue, referred to as a digestate, is further treated normally through aerobic
digestion. Some countries allow direct application of the digestate onto farmlands in certain
circumstances (e.g. Sweden, Denmark). The risk of digestate application onto soil, mainly due
to the heavy metals is typically controlled by national legislation in the different EU countries.
As well as the main product from the process, i.e. a solid digestate, small quantities of surplus
liquor are also available which can be dewatered to provide liquid fertiliser or sent to a waste
water treatment plant (often following some separation of the solids).

Process description

The primary process variables are the methods of contacting the waste with the biomass
(microbes), the moisture content of the waste (e.g. liquid, slurry or solid), and the method and
degree of aeration. Anaerobic digestion generally involves the following stages:

Mechanical pretreatment

In order to improve the digestion process, materials, such as plastics, metals and oversized
components are removed from the waste to be treated. Separation can be carried out under wet
or dry conditions. Following this, a further process of size reduction is used to create a more
homogenous material, which aids fermentation and facilitates processing. The size reduction
could be brought about by screw-cutting, milling, drumming, pulping or shredding machines.

Digestion

There are a number of different techniques used to effect digestion. They are usually
distinguished on the basis of the operating temperature (thermophilic plants operate at around
55 °C (50 — 65 °C), and mesophilic ones at around 35 °C (20 — 45 °C)) and the percentage of
dry matter in the feedstock (e.g. dry systems with 30 —40 % dry matter, wet systems with
10 - 25 % dry matter). Generally speaking, the higher the temperature, the faster the process, but
the thermophilic process may be harder to control and will need more biogas for heating to keep
them at the required temperature. Some common technologies currently available are listed in
Table 2.5.
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Technique Description Input
Wet single- Solid waste is slurried with the process water to The process can be used for
step provide a diluted feedstock for feeding into a MSW on its own, but the wet
mixing tank digester process lends itself to co-
digestion with diluted feedstocks,
such as animal manure and
organic industrial wastes
Wet multi- Solid waste is slurried and fermented by hydrolytic | The system lends itself to the
step and fermentative bacteria to release volatile fatty digestion of MSW and to the wet
acids which are then converted to biogas in a high organic waste from food
rate industrial waste water anaerobic digester processors
Dry The digestion vessel is continuously fed with a
continuous material with 20 — 40 % dry matter through batch
loading. In both mixed and plug flow variants, the
heat balance is favourable for thermophilic
digestion
Dry batch A batch is inoculated with digestate from another
reactor and left to digest naturally. Leachate is
recirculated to maintain moisture content and to
redistribute methane bacteria throughout the vessel
Sequencing Essentially a variant of the dry batch process, in
batch which leachate is exchanged between established
and new batches to facilitate start up, inoculation
and removal of the volatile materials from the active
reactor. After digestion becomes established, the
digester is uncoupled from the established batch and
coupled to a new batch in another vessel
Heap
bioreactor
Table 2.5:  Anaerobic digestion technologies

[53, LaGrega, et al., 1994], [55, UK EA, 2001], [56, Babtie Group Ltd, 2002], [59, Hogg, et al., 2002]

Users

Anaerobic digesters are currently used for municipal waste (specifically biowaste separated at
source) but have been tested for hazardous waste disposal as well. In some anaerobic digesters
at sewage treatment works, spare capacity is being used for a range of industrial non-hazardous
organic wastes. The anaerobic digestion of MSW has been commercially available for
approximately 10 years and is utilised in Germany, the Netherlands and Denmark. There are
developments in Spain, Portugal and Belgium, and it is used to a limited extent in other
countries such as Sweden, the UK and France.

2.2.2 Mechanical biological treatments

Purpose

Mechanical biological treatment (MBT) is usually designed to recover materials for one or more
purposes and to stabilise the organic fraction of the residual waste. The practical advantages of
MBT plants are, above all, the reduction of:

e the volumes of waste
e the organic matter content of the waste, which are sent to final disposal (landfill or
incineration).
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Another purpose of MBT is material splitting for further processing (e.g. preparation of solid
waste fuels). Biological digestion is intended to reduce the weight, and to render inert any
biologically active organic materials (typically called ‘stabilised residue’).Typical values for the
combined loss of water and biodegradable materials may be in the range of between
20 and 35 %, mainly depending on time the treatment occurs. Further reductions of the waste
volume going to landfill may be achieved due to mechanical separation of the output and can
then be finally even higher at 60 %.

Principle of operation

MBT plants significantly reduce humidity by extracting, reducing and stabilising the organic
content in the waste. These treatments involve a mechanical separation of the waste, biological
treatment (anaerobic and/or aerobic digestion) of the organic fraction, and a further mechanical
separation if required.

MBT has to lead to a reduction of the contents of biodegradable organic substances, volume,
water content, gas formation potential and respiration activity of the waste, as well as having a
significant improvement in leaching and settlement behaviour.

Feed and output streams

In principle, many types of waste materials can be accepted at a MBT plant. The materials
broken down and digested in the biological stage include paper and board, green/kitchen
organics, and the organic content contained within nappies, packaging, textiles, some types of
sewage sludge, etc. Generally, only mixed, unsorted waste enters the plant. However, some EC
legislation and alterations in the treatment processes exclude or restrict some types of waste.
Some examples are hazardous waste, waste for which a special treatment is obligatory because
of EC legislation (e.g. Regulation (EC) No 1774/2002 of the European Parliament and of the
Council of 3 October 2002 laying down health rules concerning animal by-products not
intended for human consumption), waste for which a biological treatment is not appropriate and
waste causing inhibition of the biological activity.

The output from MBT plants is greatly reduced in weight and stabilised (emission releases from
the product compared with the non treated material could be reduced approximately 90 — 98 %
under landfill conditions). Such figures are very variable and strongly depend on how reduction
of emissions are calculated (e.g. gas generation and respiration activity) and typically can have
significant variations in quality. In some countries, the waste OUT may be used as landfill cover
if contamination is low enough (low grade compost, grey compost or stabilised biodegradable
waste), or it may be landfilled. The quality of the waste OUT produced is generally not
acceptable for widespread use because of the contaminants within related to both the inert
content (glass, plastic, etc.) and also to the heavy metals content arising from other wastes
entering the stream (batteries, etc). Other outputs are combustable fractions and recyclable
materials (e.g. metals, plastic)

Process description

MBT plants are very flexible and they can be built on a modular basis. The mechanical
treatment phase involves segregating and conditioning the wastes. The processes that may be
involved are:

e open waste bags (where necessary) (e.g. shredders)

e extraction of undesirable components that might obstruct the subsequent processing (e.g.
metal separators)

e optimising the particle size for subsequent processing (e.g. by sieves, or shredders)

e segregation of biodegradable materials in the underflows of primary screening, so that they
can be sent to the biological treatment process (e.g. by sieves)

e segregation of materials with a high calorific value, such as textiles, paper and plastics, in
the overflows of primary screening, so that they can be sent for use in the production of
fuel. Also, segregation of those materials suitable for further material recovery (e.g. by air
separation)

e homogenise materials destined for biological treatment.
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Apart from these elements, the plant may include equipment for recovery of metals and for
extraction of mineral fractions. The permutations regarding the design of an MBT plant are
many and varied. Some plants are designed to separate and biologically treat the residual waste
from MSW prior to landfill. A scheme of a MBT process is shown in Figure 2.6.

High calorific fraction

(either with or without

Over-sized densimetric separation)

fraction for RDF, incineration,

pyrolysis, gasification, etc.
- sometimes landfilled

Magnetic and eddy
current separation of
ferrous and
non-ferrous metals

Under-sized
fraction Biodegradable
. . . . fraction for
Municipal Mechanical / Biological Rhlds
solid waste b treatment / treatment stabilisation through
treatment process
(then e.g. to landfill)

Rejects to landfill

Figure 2.6: Schematic representation of mechanical/biological treatment inputs and outputs
Note: Brown arrows represent residual materials

Green arrows represent processed outputs

Mechanical treatment may be carried out before or after the biological treatment
[17, Eunomia Research & Consulting, 2002], [150, TWG, 2004]

Two types of systems exist: encapsulated and housed. Encapsulated systems (container, tunnel)
are usually operated only under pressure with circulating air. Control is exercised through the
parameters of temperature and oxygen content in the circulating air. The heat has to be led off
from the system by cooling the circulating air. The condensate that is created may be used for
watering the heaps or has to be disposed of as waste water.

Housed systems (wandering heap process) are operated both with pressure and with suction, in
some plants both aeration methods are used alternatively. Circulating air systems are only
possible to a limited extent in housed systems. In the suction operation, at least repeated re-use
of the heap exhaust air is feasible. The heat generated can only be led off through water
evaporation and exhaust air. In addition to specific aeration control, the periodic turnover of the
biologically degraded material is of decisive importance for the progress of biological treatment.
It serves the purpose of:

mixing the material and making new surfaces accessible for the micro-organisms
activating the biological degradation

minimising the biological degradation times

watering the heap evenly and compensating evaporation losses

compensating for the volume loss of the biological degradation

leading off heat from the heap.
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So the biological process is optimised and the existing biological treatment capacities are cost-
effectively utilised. In MBT plants with quasi-dynamical biological treatments according to the
moving heaps process or the tunnel process, turnover usually occurs in weekly intervals. Some
biological processes require two turnover cycles per week during the first three weeks. After
this period, the material is turned over every five to seven days.

Users

Mechanical biological treatment is a tool for pretreating wastes prior to landfilling or for
preparing solid waste (typically municipal solid waste) to be used as fuels. Although the
popularity of mixed waste composting is declining, it is currently still carried out in Greece,
Spain, and Portugal, whilst in Italy, Germany and Austria, it is being progressively or totally
‘converted’ to MBT of residual waste. These types of treatments are also emerging in the
Netherlands and Belgium. There is currently a lot of interest in this technology in the UK with
some plants currently being constructed and the UK Government sponsoring trials of such new
technologies.

These plants tend to have large capacities because they treat large volumes of mixed waste. An
average capacity of 50 — 100 kt/yr is quite normal, but they can be as large as 700 kt/yr, as is
one in Milan in Italy and can be as small as 7 kt/yr. At least four examples exist in Europe with
the purpose of achieving complete recovery of MSW in the form of recycling materials and
energy recovery.

2.2.3 Biological treatments applied to contaminated soil

Purpose
To reduce the contamination of soil.

Principle of operation
Aerobic and anaerobic degradation of pollutants in the excavated soil.

Feed and output streams

The types of contamination to be treated are biodegradable pollutants, fuels (gasoline, kerosene,
gasoil, heating oils, heavy fuels), mineral oil, waste oils and heavy organic oils. The main
products of this type of treatment are decontaminated excavated soils.

Process description

The lack of oxygen is the most limiting factor of pollutant biodegradation in soil and lots of
different processes have been developed to optimise soil oxygenation. The various biological
treatments differ with the aeration techniques used. Two types of processes exist. /n-situ and ex-
situ.

In-situ biodegradation
In situ biodegradation is the term for biological treatment processes that are performed in the
original place where the contaminated soil is. Such processes are not covered in this document.

Ex-situ biodegradation

Ex-situ biodegradation is the general term for treatment processes in which the contaminated
soil or sludge is excavated and remediated through biological processes. Ex-situ bioremediation
technology most often involves slurry-phase bioremediation where an aqueous slurry is created
by combining contaminated soil or sludge with water and then the contaminants are
biodegraded in a self-contained reactor or in a lined lagoon. Ex-situ biodegradation also
encompasses solid-phase bioremediation, such as landfarming, composting, and biopiles. In
these processes, the contaminated soil is excavated, and oxygen, nutrients, water, or micro-
organisms are added to enhance the natural biodegradation of the contaminants.
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Slurry-phase bioremediation

There are two main objectives behind using slurry-phase bioremediation: (1) to destroy the
organic contaminants in the soil or sludge, and, equally important, (2) to reduce the volume of
contaminated material. Slurry biodegradation has been shown to be effective in treating highly
contaminated soils that have fuel or other organic contaminant concentrations ranging from
2500 to 250000 mg/kg. The slurry process has also shown some potential for treating a wide
range of contaminants, including pesticides, creosote, pentachlorophenol, PCBs, and other
halogenated organics.

Waste preparation is required before applying slurry biodegradation. The preparation may
include excavation and handling of the waste material, as well as screening to remove debris
and large objects. Particle size reduction, water addition, and pH and temperature adjustment
may also be required to meet feed specifications.

Once biodegradation of the contaminants is completed, the treated slurry is sent to a
separation/dewatering system. A clarifier for gravity separation can be used to remove the water
from the soil.

Solid phase bioremediation

Solid-phase bioremediation involves the excavation and preparation of contaminated soil to
enhance the bioremediation of contaminants in the soil. The techniques typically used for
preparation of the soil to be bioremediated are sifting/riddling, homogeneisation, nutrient
improvement and compost addition. The bioremediation is carried out in biopiles (soil turning
or air injection).

Aerobic digestion involves the storage of biodegradable waste with a bulking agent to increase
the porosity of the soil material. Bioremediation is similar to composting in that the
contaminated soil is piled in large mounds. However, for these processes air is usually provided
by pulling a vacuum through the pile.

Users
Contaminated soils.
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2.3 Physico-chemical treatments of waste

[30, Eklund, et al., 1997], [51, Inertec, et al., 2002], [S3, LaGrega, et al., 1994], [S5, UK EA, 2001],
[56, Babtie Group Ltd, 2002], [86, TWG, 2003], [89, Germany, 2003], [100, UNEP, 2000], [101,
Greenpeace, 1998], [121, Schmidt and Institute for environmental and waste management, 2002],
[123, Perseo, 2003], [124, Iswa, 2003], [136, Straetmans, 2003], [146, Galambos and McCann, 2003],
[150, TWG, 2004], [152, TWG, 2004], [156, VROM, 2004], [157, UBA, 2004].

This section details the physico-chemical (Ph-c) treatments of waste. Treatments such as
precipitation, decanting and centrifuging, and thermal treatments not included in WI BREF are
included here. Due to the fact that many of these treatments are common unit operations, the
description of some operations will only be mentioned briefly in this section. For those
techniques considered less common and that need extra explanations, an independent section
within this section has been created. Techniques for the abatement of emissions are covered in
Section 2.6. Common activities carried out in these plants (e.g. storage, handling) are covered in
Section 2.1.

The structure of this section relates to the physical conditions of the type of waste. Treatments
carried out on liquids and solids differ a lot and it has been suggested that considering these
separately may give a good structure to such a long section. At the end of the section, some
special physico-chemical treatments carried out on special wastes (e.g. destruction of POPs)
have also been included.

Some of the techniques for the treatment of waste may make use, for example, of the acidic
solution from the first scrubber in a wet air pollution control system when air pollution control
waste treatment is being considered. Some techniques involve a return of the treated residues to
the combustion chamber for sintering with bottom ash. These techniques are not included in this
document because they are integrated measures of the combustion technologies. These issues
can be found in other BREF documents.

2.3.1 Physico-chemical treatments of waste waters

Purpose

Ph-c plants are planned in such a manner that the maximum amount of recyclable materials can
be separated so that a minimum amount of auxiliary materials is used. The purposes of physico-
chemical treatment plants are to:

e cnable delivery of environmental protection goals, in particular, water quality management.
In Ph-c plants, materials which may be hazardous to water are either treated, withheld
and/or converted to a non-hazardous form

e cnable the correct disposal of large quantities of, in general, aqueous liquid waste and waste
requiring special controls

e separate the oil or the organic fraction to be used as fuel.

The procedures serve the specific application of physico-chemical reactions for material
conversion (e.g. neutralisation, oxidation, reduction) and for material separation (e.g. filtration,
sedimentation, distillation, ion exchange).

Principle of operation

During the physico-chemical treatment of contaminated waste water, water is separated and
processed for discharge to sewerage systems or water bodies. This processed water becomes
subject to various water legislation as soon as it is discharged.
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Feed and output streams

The waste treated in Ph-c plants is aqueous liquid. Ph-¢ plants generally treat waste liquids or
sludges with a relatively high water content (>80 w/w-%). Regardless of their origin and their
relationship to their material characteristics, the wastes commonly treated by these plants are:

emulsions/cooling lubricants

acids (e.g. picking acids from surface treatments. Some information on STM BREF)
alkaline solutions

concentrates/saline solutions containing metals

wash-water

waste water containing a gasoline/oil separator

solvent mixtures

sludges

aqueous liquid wastes with high concentrations of biodegradable materials

aqueous marine waste.

An indication of the type of wastes accepted at sites in the UK is given in Table 2.6.

Waste stream Percentage of sites accepting
each type of waste (%)
Neutral aqueous inorganics 69
Acids 62
Oils 62
Alkalis 54
Neutral aqueous organics 54
Contaminated containers 23
Cyanides 23
Organic sludges 8
Water reactive chemicals 8

Table 2.6: Waste types accepted at physico-chemical treatment plants in the UK
[56, Babtie Group Ltd, 2002]

Process description

Ph-c plants are configured on a case-by-case basis depending on requirements and/or
application. Each Ph-c plant has a specific individual technological and operational concept; this
is geared to the waste to be treated. For this reason, there is no ‘standard’ physico-chemical
treatment plant. Although all plants have inspection and process laboratories and tend to have a
neutralisation function, the range of pretreatment processes, sludge handling methods and the
combination of input waste streams makes each a unique operation. The modes of operation of
Ph-c plants are:

e continuous operation: particularly suitable for large throughputs, waste of relatively
constant composition and for automated operation

e Dbatch operation: particularly well suited to the very variable characteristics/reaction of the
waste to be treated.

Table 2.7 shows some differences between different Ph-c plants.
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Treatment of

. emulsions liquid and liquid and
emulsions
and and waste | aqueous waste | aqueous waste
emulsions . with contents with some containing
oil/water . .
mixtures to be organic organic solvents
detoxicated solvents and tensides
Sieving
Sedimentation
Ultrafiltration
Evaporation
Heating up
Stripping
Acid splitting
Organic splitting
Oxidation/reduction

Membrane filtration

Flocculation/precipitation

Sedimentation

Draining

Sulphuric precipitation

Filtration

Ion exchanger

Neutralisation

Note: Dark grey: required process, light grey: Optional process

Table 2.7:  Analysis of some representative types of physico-chemical treatment plants
Based on [121, Schmidt and Institute for environmental and waste management, 2002]

The unit operations typically used are sieving, storage/accumulation, neutralisation,
sedimentation, precipitation/flocculation, ion exchange, oxidation/reduction, sorption
(adsorption/absorption), evaporation/distillation, membrane filtration, stripping, extraction,
filtration/draining, acid splitting of emulsions and the organic splitting of emulsions.

Frequently several unit operations will have to be used to correctly treat a specific waste. The
unit operations procedure combination (type of procedure, sequence of their application,
controls) is specified by the Ph-c plant laboratory, on the basis of the composition of the waste
and its reaction behaviour.

The following equipment is typically available for reactors in order to control reactions:

storage vessels for separate storage, depending on the type of treatment
reaction containers with adjustable agitators and temperature indicators
sedimentation containers

metering equipment

receiver and storage tanks for chemicals

storage tanks and reservoirs for the waste to be treated

dosing equipment

material resistant to acids and alkalis

control of pH value for the chemicals

containers for settling and mixing ancillary agents

measurement and automatic controls

ventilation and filtering of the reaction tanks with facilities for cleaning the exhaust air.
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Users
From 25 to 30 % of all hazardous waste in Germany is disposed of by Ph-c plants. Some
examples of the operations carried out via a Ph-c plant are:

treatment of emulsions

treatment of emulsions and waste with contents to be detoxified

treatment of liquids, aqueous wastes with some organic solvents

treatment of emulsions and oil/water mixtures

treatment of liquids, aqueous wastes containing organic solvents and tensides

detoxification (oxidation/reduction) of waste containing nitrites, Cr(VI), cyanide (as
pretreatment).

The wastes processed are usually from various industrial and commercial production processes,
and from maintenance, repair and cleaning activities. Some specific industrial sectors served are
the printing and photographic industries. These are an example of those sites, which provide a
service to a particular industrial sector, taking away a wide range of wastes and transferring
those that cannot be treated or recycled in-house.

Figure 2.7 shows the treatment of aqueous marine waste.

Waste
water Chemical . If possible
containing > separation — Chemical ———————— recovery/re-use
chemicals
Waste Oil Pretreatment Flocculation/f Biological
water separation (emulsion lotation treatment Effiuent
containing | splitting, > S uen
oil e precipitation ol
and
neutralisation)
Oil
A
Sludge Dewatered
Sludge > processing > sludge — Incineration
Re-use as
> Qil —> fuel

Figure 2.7: Treatment of aqueous marine waste
[156, VROM, 2004]

2.3.2 Unit operations used in Ph-c treatments of waste waters

Waste can be treated using any of a large number of commercially proven unit operations. The
treatment methods fall into four categories:

phase separation (e.g. sedimentation, steam stripping)
component separation (e.g. ion exchange, electrodialysis)
chemical transformation (e.g. chemical oxidation, incineration)
biological transformation (e.g. fixed film aerobic treatment).
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Table 2.8 summarises units operations used in physico-chemical treatments. Some more
information on this issue can be found in the Common waste water and waste gas treatment

BREF (CWW).

Unit operation

Purpose

Principle of operation

Separation operations

Acid break-up of
emulsions

The term ‘acid break-up’ is
understood to be the treatment of
emulsions. The aim of the treatment
is the separation of the emulsion into
waste water, oil/grease and
undissolved metals as hydroxide
sludge

Centrifugation

Dewatering metal salt sludges from
precipitation techniques

Separates solids and liquids by
rapidly rotating the mixture in a
vessel. Solids either settle at the
bottom (sedimentation - type) or
adhere to the inside wall of the vessel
(filtration - type) through which the
liquid passes

Evaporation and
distillation

Evaporation and distillation are similar
processes with different objectives.
During evaporation the useful material
in a mixture is evaporated through
thermal effects and captured as vapour
and generally condensed. Distillation is
a separation process, which is used for
the separation of mixtures, which
obtains better separation ratios than
evaporation

The aim of evaporation/distillation is to
separate the oil into a good usable form.
In the Ph-c plants, evaporation is used
as a partition stage in order to separate
vaporisable materials from the waste
water. Depending on the ingredients of
the waste water, evaporation can also be
used as conditioning for a further
preparation stage, such as membrane
filtration. Evaporator technology is of
great importance whenever organic
solvents are to be separated from the
waste to be treated

Extraction

Extraction is used for the specific
separation of components from a
mixture of substances. The mixture
of substances is thoroughly mixed
with a selective solvent. During
mixing, the component from the
mixture of substances migrate into
the extracting agent. With the
subsequent separation of the
extracting agent from the substance
mixture, finally the components of
the mixture are also separated

Filtration/
dewatering

This is the most common operation
applied, e.g. in drinking water
treatment, industrial waste water
treatment

Involves passing a mixture of liquid
and solids (or gas and solids) through
a filter medium to trap the solids.
Different kinds of filters exist, such
as gravel filters, sand filters and
mechanical filters (e.g. waste water
screen presses, chamber filter
presses, membrane filter presses)

Filtration/sieving

The sieving of the waste to be treated is
essential for the protection and safety of
functional units, such as pumps, sluice
gates, valves

Sieving is a classifying/separating
procedure with which the filtered
material — liquid/solid mixture (slurry) —
is separated into two mixtures, one with
an average particle size smaller than the
input, and another larger than the input
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Unit operation

Purpose

Principle of operation

Filtration (by
membranes)

Separation of substances/solids from
liquid mixtures. Ultrafiltration can be
used for break-up of emulsions

In membrane procedures the liquids to
be treated are fed under controlled
pressure and current conditions past a
semi-permeable membrane. The
separative power of the membrane is
essentially based on the filtering effect
and thus outputs are neither altered
biologically nor chemically.

Flotation

Used by refining, meat packing,
paint, paper milling and baking
industries

Introduction of tiny air bubbles into a
solution containing suspended
particles. Particles attach to air
bubbles and float

Ion exchange
processes

Ion exchange is a process for the
cleaning of liquid waste of dissolved
electrically charged particles (ions) by
means of ion exchanger materials. Can
also be used in water-softening, as Ca
and Mg ions are removed from the
liquid stream. Some of substances
suitable for ion exchangers are liquid
waste from the electroplating industry,
chromium electrolytes/chromating
baths, phosphoric acid pickling,
hydrochloric acid pickling and
sulphuric acid anodising baths. Groups
of material unsuitable for ion
exchangers are: organic compounds as
these can irreversibly block the resins in
the exchanger or whose removal may be
incomplete; strong oxidising agents, as
these may damage the anion exchanger
resins; metal cyanide complexes, as
strong base anion exchangers damage
the resins; aromatic and halogenised
hydrocarbons, as they cause the
exchanger resins to swell at times and
thus can lead to interruptions in the
exchanger availability.

Ion exchange resins have the ability to
exchange their settled groups of ions
(cations or anion) with ions contained in
the water

Oil separation
processes

Gravity settlement without heat to
produce an oil rich layer, that is
skimmed off and sent to oil recyclers
for further processing, and an aqueous
phase plus sludge that is processed
through the main plant. At some plants,
this is a major part of the day-to-day
activities. At others it is an occasional
batch process and only operated when
needed to provide a full service to major
customers but where the company does
not actively seek oil/water streams for
treatment. Some sites add acid to the oil
to assist in the separation process
(emulsion breaking)

Gravity separation of soluble oils and
oil/water mixtures

Organic splitting
of emulsions

For the destabilisation of the
emulsifying agent, polyelectrolytes
and/or similar products are used.
These allow good splitting of the
emulsion comparable to acid splitting
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Unit operation

Purpose

Principle of operation

Reverse osmosis

Used to produce drinking water from
brackish groundwater and seawater.
Also for recovery of electroplating
chemicals from plating rinse-water
and sulphate from paper industry
waste water. Used in leachate
treatment

Uses a mechanical force, e.g. high
pressure (17 — 100 atm) to drive
solvent (usually water) through a
membrane. This generate two
fractions one that concentrate the
dissolved components and another
where the solvent is purified

Screening Waste water containing solids, etc. Removes large particles from waste
water. There are three types of
screens, rotating drums, vibrating
and stationary

Sedimentation Sedimentation is used in Ph-c plants | The forces of gravity cause the

specifically for the thickening of thicker phase of a suspension to
sludges, and the separation of heavy | separate. To this extent, the nature of
particles and suspended matter from the force determines the type of

the waste water and concentrate sedimentation: gravity sedimentation
sludge or centrifugal sedimentation

Sorption If the waste water shows increased Sorption is the uptake of a substance

(absorption and and/or inadmissibly high values of (gas, vapour, liquid) by another

adsorption) TOC, AOX or PCB, the organic material, as a result of the contact of

materials generally separated using
adsorption

both materials.

Absorption is designated as the
penetration of a gas into a solid or
liquid phase (absorbents) by diffusion.
Adsorption is described as the
accumulation of gases or solute
materials at the surface of a solid or
liquid material (adsorbents) by
molecular forces. Adsorption is a
physical process, and to this extent the
chemical characteristics of the adsorbed
material are unaltered

Stripping (by air
or steam)

Stripping is used in order to be able to
use the following procedures better and
more effectively; or as a final stage to
reduce the concentration of certain
hydrocarbons (AOX). By stripping,
volatile materials, for example
hydrogen sulphide (H,S), ammonia
(NHj3), low boiling hydrocarbons and
chlorine hydrocarbons (AOX) can be
separated from aqueous solutions

Stripping is the driving out of easily
vaporisable materials from liquid
mixtures. Air or water vapour is used
for stripping, with a simultaneous
increase of the phase-boundary
surfaces. Stripping is thus a separation
process in which the separated material
is in the exhaust air (stripping with air)
or in the distillate (stripping with water
vapour)

Chemical processes *

Electrolysis The recovery of metals from Use of electrical power to reduce
solutions (e.g. silver from metals from solution
photographic waste)

Neutralisation To neutralise the waste water or to Neutralisation is the adjustment of the

recuperate some components from it by
precipitation at a specific pH(s).
Depending on equipment configuration,
neutralisation and sedimentation can be
carried out in the same container

pH values to a neutral level, for
instance, pH ~ 7. Neutralisation is
achieved by adding acids or alkalis to
the material to be neutralised and/or by
the mixing of acids and alkalis
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Unit operation Purpose Principle of operation
Oxidation/ Redox reactions in connection with the | Oxidation and reduction are processes
reduction Ph-c treatment of waste activity involve | which are generally coupled. Oxidation

the detoxicating of nitrite and cyanide is the release of electrons, and reduction
(oxidation) and chromium (VI) is the uptake of electrons.

compounds (reduction). Other possible
treatments are the destruction of
sulphides or peroxides. Wastes are
made less toxic, simpler and less
volatile by subtracting or adding
electrons between reactants

Precipitation/ The separation of dissolved or Precipitation is the conversion of a
flocculation suspended materials (e.g. metals) by the | solute substance to an undissolved
addition of chemicals substance, in general by the addition of

chemicals. Flocculation is the
agglomeration of more or less fine
particles (as well as solute substances)
into larger flocs; these are separated by
sedimentation or filtration

Wet air oxidation Sewage sludge Solids solubilised and oxidised under
high pressure

* Some of these treatments induce separations (e.g precipitation)

Table 2.8:  Unit operations used in physico-chemical treatments
[80, Petts and Eduljee, 1994], [121, Schmidt and Institute for environmental and waste
management, 2002], [150, TWG, 2004]

2.3.3 Physico-chemical treatments of waste solids and waste sludges

The main goal in the physico-chemical treatments of waste solids and waste sludges is to
minimise the long-term release by leaching out the primarily heavy metals and low
biodegradable compounds. The available treatment options act to prolong the leaching time
period by releasing, for example, heavy metals at lower and more environmentally acceptable
concentrations for an extended period of time.

In principle, all treatment options can be applied to waste solids and waste sludges. However,
the characteristics of the treated material and the effectiveness of a treatment technology can
vary greatly depending on the specific properties of the original waste IN and on the type of
cleaning system applied. The treatment options has been sub-grouped according to the
following types:

extraction and separation

thermal treatment

mechanical separation

conditioning

immobilisation (this treatment covers solidification and stabilisation)
dewatering

drying

thermal desorption

vapour extraction from excavated soil

solvent extraction from solid waste (e.g. excavated soil)
excavation and removal of excavated soil

soil washing.
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2.3.3.1 Extraction and separation

Purpose
To extract heavy metals and salts from solid wastes, using acid.

Principle of operation
Solubilises compounds and removes them with water.

Feed and output streams
Treatment options using extraction and separation processes can, in principle, cover all types of
processes extracting specific components from the wastes.

Users
Several techniques have been proposed both in Europe and in Japan for air pollution control
residues.

2.3.3.2 Thermal treatments

Purpose
Thermal treatment of FGT waste from combustion processes is used extensively in a few
countries, mainly to reduce the volume and to improve their leaching properties.

Principle of operation

High temperature treatments use heat in order to melt waste and initiate vitrification and
ceramisation processes. Thermal treatments can be grouped into three categories: vitrification,
smelting and sintering. The differences between these processes chiefly relate to the
characteristics and properties of the final material:

e vitrification is a process where wastes are mixed with glass precursor materials and then
combined at high temperatures into a single-phase amorphous, glassy output. Typical
vitrification temperatures are 1300 to 1500 °C. The retention mechanisms are chemical
bonding of inorganic species in the waste with glass-forming materials, such as silica, and
encapsulation of the constituents by a layer of glassy material

e melting is similar to vitrifying, but this process does not include the addition of glass
materials and results in a multiple-phased product. Often several molten metal phases are
generated. It is possible to separate specific metal phases from the melted output and recycle
these metals, possibly after refinement. Temperatures are similar to those used in vitrifying

e sintering involves heating the waste to a level where a bonding of the particles occurs and
chemical phases in the wastes reconfigure. This leads to a denser output with less porosity
and a higher strength than the original waste. Typical temperatures are around 900 °C.
Temperatures for sintering bottom ash from MSW incinerators can be up to 1200 °C.

Feed and output streams
Most commonly, FGT wastes are treated thermally in combination with bottom ashes.

Process description

Regardless of the process, the thermal treatment of FGT waste in most cases results in a more
homogeneous, denser product with improved leaching properties. Vitrifying also adds the
benefits of the physical encapsulation of contaminants in the glass matrix.

The thermal treatment of FGT waste requires substantial off gas treatment, thus creating a new
solid residue to be treated. Also the high salts concentrations in FGT waste can cause corrosion
problems in off-gas treatment systems.

Users
Sintering is not used as a dedicated treatment option for FGT waste, however some combined
treatment methods may involve sintering.
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2.3.3.3 Mechanical separation

Purpose

The aim of the treatment is to generate a material which is inert, does not negatively affect water
bodies, and has the potential for safe recovery, e.g. as a soil substitute or in road construction.
Such treatment reduces the mass of waste for disposal. Furthermore, the clean separated and
collected ferrous and non-ferrous metal fractions can be re-used. In addition, the reduction in the
amount of heavy metals, e.g. arsenic (salt) being emitted in the environment, is also a major
benefit.

Principle of operation

In the case of bottom ash treatment, the bottom ash is separated into at least three fractions:
mineral compounds, unburned material and scrap metal. A reduction of heavy metals and
soluble compounds is required and is important for re-use of the material after treatment. The
water soluble components are the most water-relevant ingredients of bottom ash.

Feed and output streams

One of the main products of waste incineration is the bottom ash generated through the burning
process. An input of one tonne of household waste generates approximately 250 - 350 kg of
bottom ash. The bottom ash is generally composed of components such as chloride, arsenic,
lead, cadmium, copper, mineral materials and scrap metals.

Process description

Main treatments
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I

Removal of metals
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[

Removal of other
materials

l

Homogenising

Pre-crushing

Figure 2.8: Example of some mechanical separations used for the treatment of bottom ashes
[89, Germany, 2003], [150, TWG, 2004]

Users
Bottom ash and FGT waste.
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2.3.3.4 Conditioning

Purpose
The aim is the treatment of the solid and paste like wastes for recovery/disposal in incineration
plants or for landfilling.

Principle of operation

The substances that can only be incinerated or landfilled are conditioned by means of
aggregates. Depending on the final disposal plant (e.g. incineration or landfill); diatomite,
sawdust or other appropriate aggregates are added to the waste.

Process description

Wastes with certain resource contents may be passed on to the downstream plant for the
recovery of recyclable substances. If necessary, the wastes may be run over a one step crushing,
e.g. in order to crush the metal packaging such as paint cans, and transfer them via a conveyor
system to the facility for recovery of recyclable material.

Wastes that are delivered in large capacity containers are pretreated in a second crushing
facility. For dusty wastes, a third fully encapsulated two-shaft shredder is available. In the free-
falling mixer, the pretreated wastes may be mixed with aggregates to produce a batch of
maximum 10 m’. The free-falling mixer consists mainly of an open cylindrical-conical
container with a volume of 20 m’. This container is filled via the last conveyor of the charging
system. Rotation of the container produces a homogeneous mixture and the abrasive forces in
the mixing drum cause a quasi-dry cleaning of metal and plastic components in the waste. The
free-falling mixer is emptied into the loading facility which conveys the conditioned waste
either to truck loading or to further treatment towards the facility for the recovery of recyclable
substances.

Users
Preparation of waste to be used as fuel.

2.3.3.5 Immobilisation

Purpose

The aim of immobilisation is to minimise the rate of contaminant migration to the environment
and/or to reduce the level of toxicity of contaminants, in order to alter or improve the
characteristics of the waste so that it can be disposed of. The objective encompasses both a
reduction in the waste toxicity and mobility as well as an improvement in the engineering
properties of the stabilised material.

Principle of operation

Immobilisation relies on the properties of the reagent to produce an immobilised waste product,
even where the waste product does not have a solid form. These processes retain substance(s)
adsorbed to, or trapped within, a solid matrix. Some of these processes are reversible (i.e. the
immobilised substances can be released), due to both poor process control and to subsequent
mixing with other waste types. Two types of processes have been developed. These are
commonly referred to as: stabilisation and solidification.

Stabilisation

This is a process by which contaminants (e.g. heavy metals) are fully or partially bound by the
addition of supporting media, binders, or other modifiers. Stabilisation is accomplished by
mixing the waste with a reagent (depending on the type of waste and reaction planned, this can
be, for example, clay particles; humic organic substances, such as peat; activated carbon;
oxidisers; reductors; precipitating reagents) to minimise the rate of contamination migration
from the waste, thereby reducing the toxicity of the waste and improving the handling properties
of the waste at the landfill. To achieve this, a process should include a physico-chemical
interaction between the reagent and waste, rather than just a dilution.
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These stabilisation methods make use of both the precipitation of metals in new minerals as well
as the binding of metals to minerals by sorption. The process includes some sort of
solubilisation of the heavy metals in the material and a subsequent precipitation in or sorption to
new minerals.

The physical mechanisms used in stabilisation are: macro-encapsulation, micro-encapsulation,
absorption, adsorption, precipitation and detoxification. There is an extensive range of sorbents
and binders available for such purposes. Some of the most commonly used are: cement,
pozzolans (alumino-silicious material that reacts with lime and water), lime, soluble silicates,
organically modified clays or lime, thermosetting organic polymers, thermoplastic materials and
vitrification (in-situ or in-plant).

In many cases, both types of reagents (chemical reagents as mentioned three paragraphs above)
and sorbents and binders (as mentioned in the above paragraph) are used simultaneously.

Solidification

Uses additives to change the physical properties of the waste (as measured by its engineering
properties such as strength, compressibility, and/or permeability). The term ‘solidification’ (and
encapsulation or fixation) relate to the mixing of wastes with a reagent (pulverised fuel ash;
cement, lime; blast furnace slag; cement kiln dust; organic binders such as bitumen/asphalt or
paraffin; and polyethylene) to produce a solid waste form (with low porosity and low
permeability matrix) for landfill disposal. Substances are either adsorbed to the reagent or
trapped within the waste form. The output should possess a high resistance to chemical and
biological degradation processes that could lead to the release of contaminants.

The addition of cement, for example, generally decreases the hydraulic conductivity and
porosity of the material, and in addition increases tortuosity, durability, strength and volume.
However, it usually increases the pH and alkaline capacity of the mixture, therefore improving
the leaching behaviour of the product (e.g amphotheric metals, some organic compounds). In
some cases, depending on the binder, solidification may result in chemical changes of the
material matrix.

In summary, the fixation and insolubilisation of the pollutants is realised by means of four
mechanisms: precipitation, complexation, encapsulation and adsorption.

Feed and output streams
This technology is applied for many inorganic wastes (typically hazardous waste) present in
industry such as:

e pasty waste and slurries containing inorganic components (heavy metals, etc.) and small
amounts of non-soluble organics (policyclic aromatics, fuel waste, etc.) For example,
complex liquid and solid waste contaminated with heavy metals (Cu, Pb, Cd, Hg, Cr, etc.)

e solid and dry waste with inorganic components (in this case hydration water must be
added). For example, contaminated soil and filter cakes; refuse with very few non-soluble
hydrocarbons; bottom ashes and slag; FGT waste

e solidification is sometimes used for mixing various viscous liquids, such as glues and
pastes, with sawdust to produce a solid crumb suitable for landfill. Such practice is not
allowed, on landfill sites, in some countries, such as France, Germany and the Benelux
Union. In some cases, such components are mixed with cement and lime or other suitable
binder material.
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Wastes that are legally not accepted by the Landfill Directive to be treated by immobilisation on
installations located on landfill sites, are liquid wastes, waste containing toxic components,
volatile compounds, foul smelling components or explosives. Key issues for immobilisation
include: the suitability of the waste, the process control, the emissions generated and the output
specification. Under the Landfill Directive (EC/33/2003) and its annexes, the output
specification needs to be aligned with the acceptance criteria for the receiving landfill, which
are developed by the European Technical Adaptation Committee and which will cover
leachability, physical stability and reaction with other wastes. Their transcription into national
legislation is due by the end of 2005.

The resulting output of solidification can either be landfilled or allowed to solidify in a holding
area prior to landfill. The final stabilised/solidified waste is usually landfilled directly or
sometimes cast into blocks (e.g. at a size of 1 m®) before landfilling.

Process description
The process typically comprises storage of the reagents, a reaction vessel and in some cases the
addition of water. Figure 2.9 shows a representation of a typical immobilisation process.
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Figure 2.9: Representation of an immobilisation process
[S5, UK EA, 2001]

Several of the stabilisation methods have an initial washing step, where a major part of soluble
salts and to some extent metals are extracted before chemical binding of the remaining metals.
These methods are finalised by dewatering the stabilised product, which will then be ready for
landfilling.

Two solidification processes are widely used: a) cement solidification (the most prevalent
solidification technique), based on mixing waste with cement, and b) special hydraulic binder
processes, which are chemical processes, aimed at developing bonds between the binder and the
waste. Another technique, also in large-scale use, includes, e.g. the curing of fly ash waste with
aqueous neutral or acidic liquors to give a granular output prior to landfill.
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Users
Immobilisation treatments (both stabilisation and solidification) are applied to:

e remediation of hazardous waste sites

e treatments of waste from other treatment processes (e.g. ash from thermal treatments,
residues from end-of-pipe techniques)

e treatment of contaminated land where large quantities of soil containing contaminants are
encountered.

In several EU countries stabilisation/solidification is not an issue at all due to their national
legislation. In these cases, a lot of wastes do not need any such treatments to respect the
parameters of the annexes of the EU Landfill Directive or national legislation.

Radioactive wastes have been encapsulated using cement/pulverised fuel ash and bottom ash
(slag) for more than 30 years. However, radioactive materials are explicitely excluded from the
IPPC Directive.

2.3.3.6 Dewatering

Purpose

Sludge dewatering increases the dry solids content of sludge producing a ‘solid” waste. It is a
grey area as to when a liquid sludge becomes a solid waste; however, any sludge typically over
10 % dry solids becomes difficult and expensive to pump.

Principle of operation

Dewatering at ratios typically higher than 10 % will first require some form of chemical
conditioning to assist in the separation of the bound and entrained water from within the sludge.
There is a wide range of high molecular weight polymeric flocculants that are particularly
effective at improving dewatering performance.

Feed and output streams

Dewatering produces a sludge ‘cake’, which may be between 20 — 50 % dry solids, and an
aqueous waste stream. Overall disposal costs would be expected to be reduced in cases where
the aqueous waste stream requires no, or minimal, additional processing to remove
contaminants.

Process description
A number of sludge dewatering processes exist and selection depends upon the nature and
frequency of the solids produced, and the sludge cake required, e.g.

o filter (or plate) presses, which are batch processes and can be manually intensive. A filter
press can produce up to 40 % dry solids cake

e the belt press, which is a continuous process with the filter cloth continually running
through rollers that forcefully dewater the sludge. A belt press can produce up to 35 % dry
solids cake

e centrifuges, also continuous processes that can produce a cake of up to 40 % dry solids for
certain sludges. Because of the shear forces, it can break up the solid particulates

o filter drums.

Users

The majority of sites use filter presses on the sludge from the treatment plant and then send the
aqueous fraction through clarification or DAF units prior to sewer discharge. Excess solids are
returned to the treatment tanks.
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2.3.3.7 High temperature drying

Purpose
The aims of the process are the following:

e removal of the water content from the wastes; making recycling economically viable

e concentration of the waste components (e.g. metal compounds); the heating value is
considerably raised

e climination of the problems with handling paste-like substances, as drying the waste
transforms it into granulate material

e use of the waste heat in other processes, e.g. distillation

e the dissipated plume gives the necessary moisture to the biofilter.

Principle of operation

The input substances that are to be dried are provided by the gathering chain conveyor and put
into the revolving tube drum in single portions. The residence time of the input substances in the
drier and thus the dryness of the granulated product can be regulated by hydraulic adjustment of
the tube angle. The energy required for the drying process is drawn from the waste heat of the
incinerator. The air needed for cooling the flue-gases is cooled down to 150 °C in air-air heat
exchangers.

Up to 30000 m’/h drying air (maximum 100°C) flow through the revolving tube
countercurrently to the moist input. The heat is used for the evaporation of the water. The plume
is extracted by suction via a dust filter and directly transferred to the biofilter. Hereby, a slight
negative pressure is created in the dryer who prevents effectively the leakage of dust into the
environment. The granulated dry product is discharged automatically by the rotation of the
drum and filled into big bags or other containers.

Feed and output streams
Sludges are dried and transformed into granulated material.

Process description
Drying consists of the following processes:

warm air supply controlled by temperature and differential pressure

hydraulically adjustable revolving tube drum

gathering chain conveyor for charging

dust filter with 300 m” filter area

plume dissipation towards biofilter by means of induced draft fan

measurement technique (e.g. dust, temperature, pressure, volume flow and moisture)
process control system.

2.3.3.8 Thermal distillative drying plants

Purpose
To process materials which cannot be accepted by hazardous waste incineration plants or
hazardous waste landfill sites without complex prior conditioning.

Principle of operation

The input material is first crushed in the plant under inert conditions and bunkered. The released
propellants are transferred to the high temperature incineration plant or to the biofilter.
Afterwards, treatment is carried out in order to distillate the fluids from the input material.
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Feed and output streams

Solid/paste like hazardous wastes which contain considerable amounts of free or bound fluids
are treated. Both the solid and the fluid products that leave this facility may be recycled,
thermally used, incinerated or landfilled.

Process description
The process consists of two parts: materials handling and crushing; and thermal distillation.

e Material handling and crushing:
= lift-tilt installation for containers
* inertable crusher
= gathering conveyor
»  CO;, fire extinguisher and inerting facility
» discharge of solids with load container and carrying chain conveyor.

e Thermal distillation:
» reactor and vacuum slider
* plume filter and circulation fan
* plume superheater
= condensers, product coolers, product containers and phase separation
®  vacuum pump station
= vapour, inert gas and cooling water distribution
= exhaustive security measures
= control system with two work places and one computer for data collection.

The containers are transported from the high rack storage area to the facility and individually
emptied into the feeding hopper of the crusher. After crushing, the input material is stored under
a CO, atmosphere on an inerted gathering conveyor. This is carried out until the quantity
necessary for processing is reached in the mixing reactor (maximum 3 m®) and the reactor is
prepared for take-up of the next load. The waste solvent vapours released at the crusher are
specifically drawn off in order to prevent the production of explosive mixtures in the hall. The
drawn off air is fed to the biofilter as well as the exhaust air from the vacuum pumps.

If the mixing reactor has been re-inerted after emptying of the previous load, it can be charged
by the gathering conveyor. After charging, the mixing reactor and the pipe system are
pressurised by the vacuum pumps to 400 mbar. Then, the circulation fan is powered up. The
nitrogen from inerting and the created plumes can then be run over the superheater where they
are heated up to 450 °C. Afterwards, they flow into the reactor where they heat up and dry the
input material. The heating period may, if necessary, be supported by fresh vapour from a
boiler. Vacuum control keeps the maximum pressure in the facility approximately at 100 mbar,
below that of the ambient air.

At the end of the drying process; i.e. when the maximum temperature of 180 to 200 °C is
reached in the reactor, in the plume filter or in the circulation fan; the facility is evacuated to a
pressure of <100 mbar. This is carried out in order to evaporate the remaining solvent residues
and to cool the dried material. To keep the emissions of the dried material low at discharge,
cooling water is added directly to the dried material. Here, it immediately evaporates under
vacuum and thus cools the dry product down to the discharge temperature of 50 to 60 °C. The
condensate is recovered by the in-house distillation facility directly after phase separation or
after treatment. Solvent fractions that cannot be recycled may be thermally utilised or
incinerated in the in-house high temperature incineration facility.
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2.3.3.9 Thermal desorption

Purpose
To separate relatively volatile compounds from solid waste.

Principle of operation

In the thermal desorption process, volatile and semi-volatile contaminants are removed from
soils, sediments, slurries, and filter cakes. Typical operating temperatures are between
175 -370 °C, but temperatures from 90 to 650 °C may be employed. Thermal desorption
promotes physical separation of the components rather than combustion.

Feed and output streams

Soils contaminated with non-biodegradable organic compounds, soil contaminated with
petroleum fuels, soil contaminated with hazardous wastes and tar containing asphalt or similar
waste are the types of waste processed by this treatment. The contamination is transferred to a
further treatment.

Thermal desorbers effectively treat soils, sludges, and filter cakes and remove volatile and semi-
volatile organic compounds. Some higher boiling point substances such as PCBs and dioxins
may also be removed (if present). Inorganic compounds are not easily removed with this type of
process, although some relatively volatile metals such as mercury may be volatilised. The
temperatures reached in thermal desorbers generally do not oxidise metals.

Process description

After contaminated soil is excavated, the waste material is screened to remove objects greater
than 4 to 8 cm in diameter. Direct or indirect heat exchange vaporises the organic compounds,
producing an off-gas that is typically treated before being vented to the air. In general, any one
of four desorber designs are used: rotary dryer, asphalt plant aggregate dryer, thermal screw,
and the conveyor furnace. The treatment systems include both mobile and stationary process
units designed specifically for treating soil, and asphalt aggregate dryers that can be adapted to
treat soils. Mobile systems are most often used, due to reduced soil transportation costs and to
allow for backfilling of the treated soil. However, stationary systems are also available and it
may be feasible to provide regional services. The desorbed gases may be incinerated.

Users
Treatment of contaminated soils and tar containing asphalt and similar waste.

2.3.3.10 Vapour extraction

Purpose
Vapour extraction can be used as a method for treating solid waste, e.g. excavated contaminated
soil, with volatile hydrocarbons.

Principle of operation

In general terms, vapour extraction removes volatile organic constituents from contaminated
waste by creating a sufficient subsurface airflow to strip contaminants from the vadose
(unsaturated) zone by volatilisation. As the contaminant vapours are removed, they may be
vented directly to the air or controlled in a number of ways.

Feed and output streams

Vapour extraction has been widely used to treat excavated soil contaminated with gasoline or
chlorinated solvents (e.g. TCE). It is also sometimes used to minimise the migration of vapours
into structures or residential areas during some other in-situ remediation not covered in this
document.
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Spills or leaks of fuels typically involve liquids containing dozens of different constituents. For
removal by this treatment to be effective, the contaminants must generally have vapour
pressures greater than 1.0 mm Hg at - 7 °C. Complete removal of contaminants may not be
possible with this technique alone.

Process description

The success of the treatment for a given application depends on numerous factors with the twoe
key criteria being: the nature of the contamination and the nature of the waste (e.g. soil). The
tendency of the organic contaminants to partition into water or to be adsorbed onto soil particles
also affects its effectiveness, and hence the compound's water solubility, Henry’s Law constant,
and the sorption coefficient to the solid waste are of interest. The temperature affects each of
these variables and hence, the rate of vapour diffusion and transport. Increasing the temperature
is one option commonly considered for enhancing the treatment performance. Solid waste can
be heated in one of three ways: 1) introduction of heated air or steam, 2) input of
electromagnetic energy through the waste, or 3) heat release through a chemical reaction. The
use of heated air or steam appears to be the most widely used approach.

Typical systems include extraction, monitoring, air inlet, vacuum pumps, vapour treatment
devices, vapour/liquid separators, and liquid-phase treatment devices.

Users

Vapour extraction has been used successfully for several years as a combined two-phase
treatment of both groundwater and contaminated soil, and is increasingly being employed.
Although this treatment may be used for a variety of soil types, its effectiveness depends on the
ability of air to flow through the soil.

2.3.3.11 Solvent extraction

Purpose

‘Solvent extraction’ is much more effective for treating organic compounds than inorganic
compounds and metals. It can be used in conjunction with other processes to reduce remediation
costs.

Principle of operation
Solvent extraction differs from soil washing in that it employs organic solvents (e.g. propane,
butane, carbon dioxide, aliphatic amines (e.g. triethylamine)) rather than aqueous solutions to
extract contaminants from the soil. Like soil washing, it is a separation process that does not
destroy the contaminants. It works as the contaminants will have a greater solubility in the
solvent than in the soil.

Feed and output streams

Sediments, sludge, and soils contaminated with volatile organic compounds (VOCs), petroleum
wastes, PCBs, and halogenated solvents can be effectively treated with solvent extraction. The
removal of inorganic compounds such as acids, bases, salts, and heavy metals is limited, but
these types of compounds usually do not hinder the remediation process. Metals may undergo a
chemical change to a less toxic or leachable form, however their presence in the waste streams
may still restrict disposal and recycle options.

Whilst these separation processes may be more effective in treating soils contaminated with
petroleum fuels, they are generally employed to treat soils containing metals or heavy organic
compounds.

The concentrated contaminants can be analysed and subsequently designated for further
treatment, recycling, or re-use before disposal. While solvent extraction may improve the
condition of the solids, often they may still need dewatering, treatment for residual organic
compounds, additional separation, stabilisation, or some other treatment. The water from the
dewatering process, the solids, and the water from the extractor will need to be analysed to aid
in the choice of the most appropriate treatment and disposal.
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Process description

The remediation process begins with excavating the contaminated soil and feeding it through a
screen to remove large objects. In some cases, solvent or water is added to the waste in order to
aid pumping it to the extraction unit. In the extractor, solvent is added and mixed with the waste
to promote the dissolving of the contaminants into the solvent. Laboratory testing can determine
which solvent adequately separates the contaminants from the soil. Generally, the solvent will
have a higher vapour pressure than the contaminants (i.e. a lower boiling point) so that with an
appropriate pressure or temperature change, the solvent may be separated from the
contaminants, compressed, and recycled to the extractor.

Users
Treatment of contaminated soil.

2.3.3.12 Excavation and removal of contaminated soil

Purpose

Excavation activities may be carried out in isolation but are also typically carried out as part are
of the on-site treatment processes such as incineration, thermal desorption, ex-situ biotreatment,
and certain physico-chemical treatments.

Principle of operation
If removal of the contaminated soil is the selected remedy, the excavated soil is typically
transported off site for subsequent disposal in a landfill.

Feed and output streams
Contaminated soils and decontaminated soil.

Process description
Typical civil engineering machinery is used.

Users
The excavation and removal of soils contaminated with fuels is a common practice.

2.3.3.13 Soil washing

Purpose
Soil washing is carried out to separate the decontaminated fractions and pollutants.

Principle of operation

Soil washing is an ex-situ process in which contaminated soil is excavated and fed through a
water-based washing process. It operates on the principle that contaminants are associated with
certain size fractions of soil particles and that these contaminants can be dissolved or suspended
in an aqueous solution or removed by separating out clay and silt particles from the bulk soil.
Additives such as surfactants or chelating agents are sometimes used to improve the separation
efficiency (the treatment using additives may be referred to as chemical extraction). The
aqueous solution containing the contaminants is treated by conventional waste water treatment
methods.

The process is a water-based process and removes contaminants from soils in one of two ways:

a. by dissolving or suspending them in the wash solution (which is treated later by
conventional waste water treatment methods)

b. by concentrating them into a smaller volume of soil through particle size separation, gravity
separation, and attrition-scrubbing (similar to the techniques used in the mineral processing
industry).
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The concept of reducing soil contamination through the use of particle size separation is based
on the finding that most organic and inorganic contaminants tend to bind, either chemically or
physically, to clay, silt, and organic soil particles. The silt and clay are attached to sand and
gravel particles by physical processes, primarily compaction and adhesion. Washing processes
that separate the fine (i.e. clay and silt) particles from the coarser (i.e. sand and gravel) soil
particles effectively separate and concentrate the contaminants into a smaller volume of soil that
can be easier further treated or disposed of.

Feed and output streams

Soil washing is effective for a wide range of organic and inorganic contaminants, including
petroleum and fuel residues. Removal efficiencies range from 90 — 99 % for volatile organic
compounds (VOCs) and from 40 — 90 % for semi-volatile compounds. Compounds with low
water solubilities such as metals, pesticides or PCBs sometimes require acids or chelating
agents to assist in the removal. Some pilot scale projects on radionuclides pollution treatment
have been reported. The washing process is also applicable for contaminated sand and gravel
from construction and demolition waste.

While these separation processes may be more effective in treating soils contaminated with
petroleum fuels, generally they are employed to treat soils containing metals or heavy organic
compounds.

Soil washing may can be effective for the remediation of soils with a small amount of clay and
silt particles, but large amounts of clay and silt particles mitigate the effectiveness of soil
washing.

Process description

The excavation and removal of debris and large objects precedes the soil washing process.
Sometimes water is added to the soil to form a slurry that can be pumped. After the soil is
prepared for soil washing, it is mixed with wash-water, and extraction agents are sometimes
added.

After separation from the wash-water, the soil is rinsed with clean water and may be returned to
the site. The suspended soil particles are removed by gravity from the wash-water as sludge.
Sometimes flocculation is used to aid in sludge removal. This sludge is more highly
contaminated than the original soil and undergoes further treatment or secure disposal. The
spent wash-water from which the sludge is removed is treated and recycled. Residual solids
from the recycling process may require further treatment.

Figure 2.10 presents a general flow scheme of a soil washing plant.
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Figure 2.10: General flow scheme of a soil washing plant
[123, Perseo, 2003]

Typically, soil washing segregates a soil into a small volume of highly contaminated silt and
clay and a larger volume of cleaned coarser soil.

Physical separation methods are mechanical methods for separating mixtures of solids to obtain
a concentrated form of some constituents. Physical separations include screening, attrition
scrubbing, or using hydrogravimetric separators as such hydrocyclones, jigs, spiral classifiers.
In addition, in the majority of cases, the processes use water based chemical agents, which
provide both dispersion and extraction. Chemicals (dispersants, collectors, frothers, etc.) may be
added in some cases to enhance the quality of the separation.

Users

The soil washing technique is very well established in the Netherlands, Germany and Belgium,
due to the sandy structure of the local soils. In 2003, eight plants in the Netherlands, six in
Germany and six in Belgium were in operation. The technology is starting to become more
developed in Switzerland and in northern Italy. Most plants have a capacity of 30 - 60 tonnes an
hour. Furthermore, numerous on-site remediation projects have been performed with mobile
plants, presenting usually smaller capacities (from 10 to 30 tonnes per hour).
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2.3.3.14 Treatment of asbestos

Waste contaminated with asbestos are actually landfilled in the EU, however new techniques are
appearing in order to treat them prior to landfill disposal.

2.3.3.15 Bottom ash treatment

Purpose
Improves the slag/bottom ash quality and therefore can help to improve its opportunities to be
used as construction material.

Good bottom ash treatment facilities can produce a good quality material mainly scrap metal
and mineral fractions. The residues from the treatment constitute 1 —5 %. The residues are
going back to the incineration. In addition, it is reduced the amount of heavy metals and e.g.
arsenic (salt) that is emitted to the environment. Thus, the bottom ash treatment reduces the
mass of waste to be landfilled.

Principle of operation
Bottom ash treatment plants exist in two types: wet and dry process.

Feed and output streams
Bottom ash from incinerators and other combustion processes.

Process description

The following points describe some general measures which can be taken to help to improve the
quality of slag for re-use after it has been generated (i.e. after the incineration and after the
drying process). These include (no order is suggested with this list):

e separating the bottom ash from all other burning products, such as filter and boiler dust,
with the intention to reduce the leaching possibilities of the waste (e.g reducing leaching of
heavy metals)

e avoiding mixing bottom ash from different sources

e removal of some of the organic material that it has not been entirely incinerated.
Afterwards, incinerating this organic material removed. It is typically applicable when the
waste OUT is used as a building material

e dewatering the bottom ash (it is commonly dried by storing it for a period of 2 - 4 weeks);
this process requires a solid base (such as a concrete surface) and a collecting system for the
effluent

e utilising a preliminary washing process to reduce the easily water soluble fraction of the
bottom ash

e separating the scrap metal fraction from the bottom ash

e classifying and excluding the fine fraction from the bottom ash (the fine faction is the most
problematic fraction for the environment as it leaches out easily). Excluding the small
fraction from the bottom ash leads to more landfilling, since there are no real alternatives
for such fraction

e ageing the bottom ash. This improves the consistency and reduces adverse leaching effects.
A ventilation system and an installed water circulation system can allow a better bottom ash
quality

e analysing the eluate and the solids to assess the recovery possibilities of the material.

The ageing processes require a solid base and a collecting system for effluents. The common
aging time is up to 3 months. The end of the ageing process is noticeable by specific
temperature changes. The sieving, separation and wet preparation of the bottom ash are
important steps to achieve a good result.
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Two different types of bottom ash analysis are possible. The first method analyses the available
mobile compounds (eluate analysis (i.e. leachate)) of the bottom ash fraction. The second
method analyses the complete compounds of the bottom ash (solid analyses). It is common to
use both methods in parallel to define the environmental effects of the bottom ash. However, the
eluate analysis is more important with assessing the possibility of material recovery.

Users

These techniques are seen by some Authorities as an important step to decrease the use of
landfill. The amount of bottom ash from burning processes will rise, as probably the
incineration of waste in Europe will become more common. Not only is the reduction of waste
to disposal an environmental benefit, but it is also considered the re-use of the metal scrap
fraction.

The wet process shows advantages concerning chloride-salts and final copper leaching, but is
not compulsory in order to reach a bottom ash quality that allows re-use as a construction
material in e.g. NL and DE.

2.3.4 Unit operations used in the physico-chemical processing of waste
solids and sludges

This section contains common physico-chemical techniques used in the waste treatment sector.
They are mainly common unit operations. They have been tabulated in Table 2.9, which gives
the purpose and principle of the treatments and their main users.

Technique Purpose and principle of operation Users
Adsorption See Table 2.8
Centrifuging |See Table 2.8 Applied to liquid waste. Centrifuging is
typically used together with recovery of the
organic phase
Decanting The principle of operation is the density Applied to liquid waste (e.g. separation of two
difference of the different components to inmiscible liquids, recovery of liquid layers
separate after separation of suspended solids or
biological/chemical flocs)
Drying Thermal drying as evaporation Applied to contaminated soils, sludges
Extraction See Table 2.8
Filtration See Table 2.8
Flotation See Table 2.8 Flotation is used on liquid waste when gravity

settlement is not appropriate. It occurs when:

o the density difference between the
suspended particles and water is too low

o there is a space constraint at the site

o the waste contains oil or grease that needs
to be removed before treatment

e recovery of the sludge is required

Metal recovery

Oil separation
processes

See Table 2.8

Gravity separation of soluble oils and
oil/water mixtures
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Technique

Purpose and principle of operation

Users

Oxidation

See Table 2.8

The chemical oxidation of wastes is a well-
established technology that is capable of
destroying a wide range of organic molecules,
including chlorinated organic carbons, VOCs,
mercaptans, phenols, and inorganics such as
cyanide. The most common oxidising agents
used for hazardous waste treatments are
ozone, hydrogen peroxide, and chlorine.
Ultraviolet (UV) light is usually added along
with ozone and/or hydrogen peroxide to
accelerate the oxidation of chlorinated VOCs.
It is a very common pretreatment operation at
many plants, but has a variety of technologies

Scrubbing

Air scrubbing

Sedimentation
(settlement)

See Table 2.8

Applied to liquid waste. Sludges liberated
from a settlement stage are typically around
1 % dry solids content

Stripping

See Table 2.8

Air stripping is one of the most commonly
used processes for separation of waste water
contaminated with VOCs, such as solvents. It
can be used to remove the halogenated or non-
halogenated hydrocarbons from dilute aqueous
solution. Solutions high in ammonia can also
undergo such pretreatment to reduce the
concentration of ammonia.

Steam stripping is utilised for the removal of
volatile and sometimes semi-volatile
compounds from waste water.

Supercritical
treatments

Extraction and/or oxidation of pollutants from
contaminated water or sediments. Supercritical
fluids (e.g. carbon dioxide, water, ammonia,
cyclohexane) are materials at elevated
temperature and pressure that have properties
between those of a gas and a liquid. In
extraction, the organics in soils, sediment or
water are dissolved in the fluid at elevated
temperatures and pressure conditions and are
then released from the extraction at lower
temperatures and pressures. In supercritical
water oxidation, air and contaminated water
are brought together above the critical point of
water and the complete oxidation of organic
compounds occurs rapidly

Treatment of POPs

Water reactive
chemicals
pretreatment

These are scrubbed in a caustic solution and
both treated liquors and scrubber liquors are
treated in the main plant

The pretreatment of materials such as thionyl
chloride, acetyl chloride, silicon tetrachloride
with water to liberate acid gases

* The thermal treatments covered are those not included in the WI BREF

Table 2.9:

Common unit operations used in physico-chemical treatments

[53, LaGrega, et al., 1994], [55, UK EA, 2001], [56, Babtie Group Ltd, 2002], [150, TWG, 2004]

2.3.5 Physico-chemical treatments of other wastes

Physico-chemical treatment of wastes containing POPs

Three ways have been identified for the destruction and irreversible transformation of the POP
content in wastes [154, UNEP, 2004]. One is the incineration on land (not covered in this
document but in the waste incineration BREF that also covers plasma techniques), another is the
use of waste as fuel (e.g. co-incineration in cement kilns not covered in this document) and last
one is the physico-chemical treatment of waste. This section concentrates on those
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physico-chemical treatments related to these very specific types of waste (e.g. waste containing
PCBs, dioxins, furans) and they are summarised below in Table 2.10.

Technique Principle of Feed and output streams Process description
operation
Dechlori- Reaction of Waste IN: PCB oils The dispersion is carried out at a
nation with | metallic alkali temperature above that of the melting
metallic with chlorine Waste OUT: organic compounds (0il | point of the sodium, i.e. 98 °C. Being
alkali atoms contained | which may be re-used) and salt liquid, the metal surface can be renewed
in the continuously. In this way a reasonable
chlorinated reaction rate can be achieved, thus
compounds decreasing the cost of the
decontamination process.
The process must avoid the formation of
polymer (which occurs in one or two of
the technologies identified) or must take
the formation of this solid into account
and introduce a separation step to yield
the pure re-usable oil
Hydroge- Hydrogen reacts | Waste IN: transformer fluids; bulk Typical process used in mineral oil
nation of with chlorinated | PCB solids, including electrical refineries and carried out at temperatures
POPs organic capacitors; and high strength DDT of 850°C and higher. This technique
compounds or waste pesticide mixtures converts approximately 40 % of the
non-chlorinated methane produced to hydrogen, via the
organic Waste OUT: primarily methane and water shift reaction, and the remaining
contaminants, hydrogen chloride for PCBs and part to hydrogen in the catalytic steam
such as (PAHs), | methane and minor amounts of light reformer. In this way, the process can
at high hydrocarbons for PAHs operate without an external supply of
temperatures hydrogen. For highly concentrated
wastes, the process produces an excess of
methane. It uses draw combustion air
from off-site or ambient air on-site after
first filtering it through active carbon, for
the combustion process
Solvated Free electrons in | Waste IN: halogenated organic This technique uses an alkali or alkaline
electron a solvated compounds, including PCBs, dioxins, | earth metal dissolved in a solvent such as
process electron solution | pesticides, chlorofluorocarbons ammonia, or certain amines or ethers to
convert (CFCs) and chemical warfare agents. | produce a solution containing free
contaminants to electrons and metal cations. Destruction
relatively Waste OUT: decontaminated soils are | efficiencies vary from 86 to 100 %.
harmless said to be suitable for returning to the | Chlorine and other halogens are
substances and site, and as an additional benefit selectively stripped from organic halides
salts enriched in nitrogen from the trace by free electrons and captured by the
amounts of residual ammonia metal cations to form salts (e.g. CaCl,).
For example, a PCB molecule can be
converted to biphenyl in a rapid reaction
at ambient temperatures.
Supercriti- | A high Waste IN: wastes containing organic Supercritical conditions
cal water temperature and | compounds and toxic wastes
oxidation pressure
technique that Waste OUT: carbon dioxide;
uses the hydrogen to water; the chlorine atoms
properties of derived from chlorinated organic
supercritical compounds to chloride ions; nitro-

water in the
destruction of
POPs

compounds to nitrates; sulphur to
sulphates; and phosphorus to
phosphate

Note: Some other treatments outside the scope of this document are available for the treatment of wastes
contaminated with POPs. These identified are co-incineration in cement kilns, hazardous waste incineration and
plasma treatments

Table 2.10: Some specific treatments for waste containing PCBs and/or POPs
[100, UNEP, 2000], [154, UNEP, 2004]

Physico-chemical treatments of CFCs
The aim is to treat the waste to transform the CFC in hydrochloric acid and hydrofluoric acid.
An example of such plant is shown in Figure 2.11.
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Figure 2.11: Treatment of CFCs to generate hydrochloric acid and hydrofluoric acid
[150, TWG, 2004]

Physico-chemical treatment of waste containing mercury

Purpose
The aim is to treat the waste to separate the mercury.

Principle of operation

In the process of vacuum distillation, waste containing mercury is evaporated under vacuum
conditions at approximately 300 to 650 °C. The liquid components (e.g. mercury, water and oil)
are distilled from the waste and condensed. In the condensation, a separation is established
between the mercury and the distillate. The metallic mercury is drained and possibly refined.
The mercury is recycled as a secondary raw material.

Feed and output streams

Sludge containing mercury from the oil and gas production industry, batteries, catalysts,
activated carbon filters, thermometers, waste from the dental sector, fluorescent tubes, blasting
grit and soil.

The destination of the residue from the vacuum vessel depends on the waste treated. It can be
used as a secondary raw material (e.g. for batteries) or landfilled (e.g. in the case of sludge
containing mercury).

Process description
The process is shown in Figure 2.12.
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Further
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Figure 2.12: Vacuum distillation of waste containing mercury
[156, VROM, 2004]

Users

Used in Sweden, Netherlands and Belgium.
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2.4 Treatments applied mainly to recover the materials from
waste

This section includes those treatments and processes mainly designed to recover the materials or
portions of materials contained in waste. Typically these processes are very dependent on the
type of waste treated and the materials that are wanted or that need to be produced. The
materials produced from these treatments are materials that can be re-used for the same purpose
(e.g. lubricant oils) or recovery for other non-energy purposes (e.g. recovery of metals from
catalysts). When the material is treated to be used subsequently as fuel, this is included in the
Section 2.5.

‘Regeneration’ is the term used in this document to describe these treatments except in the case
of regeneration of waste oils where the term ‘re-refining’ is used. This is not an attempt to make
any kind of definition. This should be taken only as a convention to aid reading this document.

2.4.1 The re-refining of waste oils

[5, Concawe, 1996], [7, Monier and Labouze, 2001], [11, Jacobs and Dijkmans, 2001], [13, Marshall,
et al., 1999], [56, Babtie Group Ltd, 2002], [86, TWG, 2003], [96, Straetmans, 2003], [150, TWG,
2004], [152, TWG, 2004]

There are two main options for the treatment of waste oils. One is the treatment of the waste oil
to produce a material that will be used mainly as fuel or for other uses (e.g. absorbant, mould
release oil, flotation oil). These include treatments as cleaning of waste oil, thermal cracking
and gasification for example and are covered in Section 2.5.2.4. The other way, is to treat the
waste oil to reconvert it to a material that can be used as a base oil to produce lubricants. This
latter way is referred to as ‘re-refining’ in this document. This section details the different
treatments that are actually applied to waste oils for clean-up and re-refining. As it is the case in
the whole document, this classification has been adopted for this document and it is not
intended to provide any attempt to define any of the ‘R’ codes from EC waste legislation.

A lot of treatment processes exist (or are currently under development) today in Europe. The
most significant ones are listed below in Figure 2.13. This figure also gives an overview on how
these treatments have been included in this document.
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WO Type Process Products
: . —p Hydraulic or cutting oil
RE-USE Laundering -electricity companies
-shipping industry
-major engineering companies
Reclamation __|— Mould release oil or base oil
for the production of
chain saw oil
Waste oil
re-refining
Pretreatment
Lubricant base oil
RE-REFINING (quality depends
on the treatment)
THERMAL i i i
CRACKING SrporflinegSSOII conversion Distillate gasoil products
P -gasoil (also called heating
oil, diesel oil, furnace oil...)
Great Northern »>—p-de-metallised heavy fuel oil
processing Inc. process -marine gasoil (MGO)
-re-refined light base oil
Synthetic gas
GASIFICATION » -hydrogen
-methanol
Chemical processes
(with no finishing steps)
-acid/clay
SEVERE -solvent extraction .
~ . De-metallised heavy fuel
PROCESSING “propane extraction oil (or heavy distillate) Waste oil
-marine diesel oil (MDO) as fuel
-fuel for heating plants . .
R gp (in Section 2.5.2)
Thermal processes
-Texaco process
| Trailblazer
-Emprotec process
‘Vaxon’
MILD A Replacement fuel
PROCESSING _ oil (RFC)®
then burning * -road stone plants
-cement kilns 4)
-large marine engines
-pulverised coal power
stations ©®

Figure 2.13: Waste oil treatments and division approach used in this document
[7, Monier and Labouze, 2001], [86, TWG, 2003], [150, TWG, 2004]
Note: (1) Especially hydraulic or cutting oil
(2) Engine oils without chlorine + hydraulic oils without chlorine +
hydraulic mineral oils + mineral diathermic oils (according to the API classification)
(3) Treated oil still containing the heavy metals, halogen and sulphur contained in the original
waste oil (WQO)
(4) Substitutes other secondary liquid fuel (SLF) or heavy fuel or coal or petroleum coke
(5) As a furnace start up fuel

To re-use a waste oil to make a lubricant requires cleaning or re-refining in order to make it into a
product suitable to be re-used as a base oil to produce a lubricant. These processes involve the
removal of impurities, defects and any leftover products from its old use. Generally, this type of
process removes all impurities and additives and only base oil then remains. Subsequently,
lubricant producers add substances to attain the specifications of a virgin product.

The main processes used in oil recovery plants are shown in Figure 2.14. This is an
amalgamation of unit operations. Not all operations are applied in every plant. In practice, most
plants only use a few of the processes shown, and usually there are two or more parallel streams
from each process.
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Figure 2.14: Generic flow diagram of waste oil treatment plant
Note: The diagram indicates common treatment elements. Some of these are alternatives and do
not all occur in a single installation. Brown lines correspond to waste or sludges and blue lines to

waste water.
Based on [56, Babtie Group Ltd, 2002]

Re-refining treatments may differ depending on the technology used for one or several of the
following operations: pretreatment, cleaning, fractionation and finishing. Each of these processes
are briefly described in the following sections.

2.4.1.1 Pretreatment of waste oil

Purpose

To dewater (removal of water), de-fuel (removal of light ends and fuel traces such as naphtha,
etc.) and remove sediments. This pretreatment process is not compared with the other oil
treatment systems because it does not yield an end-product, nor does it achieve the final aim of
treatment.
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Principle of operation

Water and sediments are removed from the waste oil by a simple physical/mechanical treatment.
Settling is used in some cases to remove water and sludge from waste oil and in the effluent
treatment systems for removing oil and solids from the effluent. Generally, settling takes place
using the gravity effect in settling tanks, clarifiers or plate separators, but centrifuges or
distillation can also be used.

Feed and output streams
The typical feed is collected waste oil. The product is cleaned waste oil. After this treatment the
cleaned oil can be used in one of the options described below (Sections 2.4.1.2 to 2.4.1.4).

Process description
The main techniques used are settling, sedimentation, filtering and centrifuging.

Settling
A tank is filled and left until it settles, the upper oil strata is skimmed off and similarly the water

layer is drawn off. Depending on how dirty the feedstock is, the sludge might be left at the
bottom of the tank to accumulate over several settlement cycles before it is removed. The
settling process is often aided by heating, to reduce the viscosity. In many cases, an interface
layer of an oil/water emulsion remains. This can be encouraged to separate by the addition of
heat and chemicals. Further settling processes applied to the ‘water’ layer can separate the
oil/water phase even better.

Sedimentation

Filtering/straining
Particulates are removed by strainers, filters or sieves.

Centrifuging

Distillation
Water may be removed by this technique.

Users
Used in many of the waste oil re-refining technologies (see Table 2.12)

2.41.2 Cleaning of waste oil

Purpose
Cleaning includes deasphalting and the removal of asphaltic residues: heavy metals, polymers,
additives, other degradation compounds.

Principle of operation
Distillation and the addition of acids are the most typical ways to achieve the above results.

Feed and output streams

Process description

Acid cleaning: additives, polymers, oxidation and degradation products are removed by contact
with sulphuric acid or precipitated as sulphates (e.g. metals). Clay cleaning is also considered,
where the clarified oil is mixed with clay by absorption to remove any polar and undesirable
compounds still present.

Users
Used in many of the waste oil re-refining technologies (see Table 2.12).
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2.4.1.3 Fractionation of waste oil

Purpose
This involves a separation of the base oils using their different boiling temperatures, to produce
two or three cuts (distillation fractions).

Principle of operation
This physical separation process utilises the boiling point differences of components.

Feed and output streams
Typically pretreated waste oil.

Process description
Vacuum distillation units can range in complexity from a simple splitting column to a full
fractional distillation column, as used in mineral oil refineries.

Users
Used in many waste oil re-refining technologies (see Table 2.12).

2.4.1.4 Finishing of waste oil

Purpose

Final cleaning of the different cuts (distillation fractions) is carried out to achieve specific
product specifications (e.g. improve colour, smell, thermal and oxidation stability, viscosity,
etc.). Finishing may also include the removal of PAHs in the case of a severe (high temperature
and high pressure) hydrofinishing or solvent extraction (low temperature and low pressure).

Principle of operation and feed and output streams

Technique Principle of operation Feed and output streams

Alkali treatment | KOH or NaOH is used Colour properties are enhanced.

Bleaching earth | This is a tertiary treatment, to remove the | The new goals, set up by the implementation
black colour from the oil (caused by the | of upcoming specifications for passenger car

carbon breakdown from the additives), motor oils, cannot be achieved. In particular,
so it can visually be compared with the colour of the produced oils is darker than
virgin base oil. required.

Clay polishing This is a process similar to the acid/clay Generally, clay polishing does not produce

process but acid is not used. Bentonite is the high quality base oils of solvent extraction
the clay typically used. The clay is then or hydrotreatment.
separated from the oil using a filter press.

Hydrotreatment | Chlorine and sulphur are removed from The quality of the distillates is very high and

the waste oil fraction at a high the petroleum fractions are immediately
temperature under a hydrogen marketable.
atmosphere and in contact with a Hydrogen is needed for the process.

catalyst, being converted into HCI and Hydrogen sulphide is formed, which can
H,S. Phosphorus, lead and zinc are also later be reduced to sulphur.

removed in this process.

PAHs can be removed by severe
hydrofinishing (high temperature and
with hydrogen under high pressure)

Solvent cleaning | PAHs are removed from the base oils by | The feed into the extraction must be a good
extracting them into the solvent (into ppb | quality base oil with all heavy metals etc.
range). The solvent extraction also removed and already fractioned into wanted
improves the colour and viscosity index. | cuts. The products are a high quality base oil,
the used solvent which is regenerated, and a
small stream of base oil (c. 3 % of the total
base oil stream) with a high PAH
concentration, which is used as a fuel product.

Table 2.11: Finishing techniques used for the treatment of waste oils
[7, Monier and Labouze, 2001], [86, TWG, 2003], [139, UBA, 2003]
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Process description
The hydrotreatment process can be found in the Refinery BREF.

Users
Used in many waste oil re-refining technologies (see Table 2.12)

2.41.5 Technologies used for the re-refining of waste oils

Table 2.12 summarises the different technologies used for the regeneration of waste oil.
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Chapter 2

2.4.2 Regeneration of waste solvents
[53, LaGrega, et al., 1994], [83, Indaver, 2002], [129, Cruz-Gomez, 2002], [130, UBA, 2003], [150,
TWG, 2004], [152, TWG, 2004], [156, VROM, 2004], [157, UBA, 2004]

Purpose
Once the waste solvent is passed to a waste manager, there are two main options for its
treatment:

e utilisation of the calorific value by using them directly as a fuel or blended with other fuels.
The use of the waste solvents as fuels is covered in Section 2.5.2.1

e treatment of the waste solvent to reconvert it to a material that can be re-used as solvent.
This treatment is referred to in this document as ‘regeneration’. This section details different
treatments that are actually applied to waste solvents for their clean-up and to regenerate
them to produce solvents.

The solvents and organic acids can be treated to a degree such that they can be returned into the
production cycle as secondary raw material.

Principle of operation
Clean-up is achieved by different types of distillations which are the main types of separation
process used.

Feed and output streams
Solvent regeneration is common practice in many industries, with a wide range of solvents
currently being regenerated, the more common of which are shown in Table 2.13.

Hydrocarbon family Chemicals
Alcohols Ethyl, isopropyl
Aliphatics Hexane, heptane
Aromatics Benzene, aromatic naphtha, toluene, xylene, turpentine
Chlorinated Trichloroethylene, perchloroethylene, methylene chloride
Esters Ethyl acetate, butyl acetate
Ketones Methyl ethyl ketone, methyl iso-buthyl ketone
Mixtures of solvents Toluene/xylene, ketones, alcohols, phenols, toluene/heptane

Table 2.13: Commonly regenerated waste solvents
[53, LaGrega, et al., 1994], [150, TWG, 2004], [152, TWG, 2004]

Process description
Figure 2.15 and Figure 2.16 give examples of flow diagrams of waste solvent regeneration
plants.
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Figure 2.15: Example of waste solvent regeneration installation
[129, Cruz-Gomez, 2002]
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Figure 2.16: Example of chlorinated solvent regeneration flow diagram
[150, TWG, 2004]

Table 2.14 shows the techniques typically used for the regeneration of waste solvents.
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solvent

Technique Purpose and principle of operation Users
Absorption Transfer solvent from a gas to a liquid
Adsorption Recover solvent from solvent laden air
Centrifugation | Removes suspended solid or separates two
distinct (or insoluble) liquid phases, one
phase is, for instance, the solvent being
recovered
Condensation Eliminates solvent vapours from gas streams
Decantation Phase separation due to different densities.
Separation of liquid solvent and water
Distillation Separation of liquid mixtures. The distillation of contaminated
Thin film evaporators. solvents for partial subsequent use
Rectification. as a fuel in boilers is one technique
Fractionation used (for reducing metal levels in
the solvent), (some plants exist in
Belgium, Italy, Spain)
Evaporation Removal of solvent as a vapour form from a
solution or slurry
Filtration Separation of solid particles from liquid

Liquid-liquid

Applied to liquid solvents

Extraction

Membrane Recovery of solvents from liquid or gas

separation streams

Neutralisation | Applied to liquid solvents

Salting out Applied to liquid solvents

Sedimentation | Applied to liquid solvents with a high level
of solids

Storage See Section 2.1.4

Stripping Transfer of solvent from a liquid stream to a

gas stream

Table 2.14: Unit operations used for the regeneration of waste solvents
[129, Cruz-Gomez, 2002], [130, UBA, 2003], [150, TWG, 2004]

Users
This activity is carried out in the chemical, pharmaceutic and painting industries. Five plants are
currently in the Netherlands. An example is described below:

The evaporation capacity depends on the specific evaporation heat of the distilled solvents and
amounts to up to 1.3 t/h. The use of a reflux separator can further improve the separation;
however, the flowrate is then reduced. Multiphase distillates are cooled and then separated in
heavier and lighter phases which are then collected in different containers. Distillation can be
performed both under ambient pressure and under vacuum. Furthermore, the facility can carry
out other processes such as azeotrope solvent drying or azeotropic esterification. Additionally,
organic acids may be treated in a specific ceramics bubble.

The input material containing solvents is pumped into the distillation containers. These
containers are heated indirectly by fresh vapour of maximum 6 bar at approximately 158 °C. For
heavily contaminated solvents, distillation bubbles of steel are available which are equipped
with stirrers for homogenising the contents. Waste solvent mixtures containing only small
quantities of residues, or highly corrosive substances such as organic acids, can be distilled
using enamelled bubbles. The resulting plumes are transported through a packed column and
condensed at the pipes of the overhead cooler.
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2.4.3 Regeneration of waste catalysts and recovery of components from

abatement techniques
[86, TWG, 2003], [125, Ruiz, 2002], [150, TWG, 2004]

As mentioned in the Scope, this section covers the regeneration of waste catalysts and the
recovery of components from abatement techniques. Alternative ways to regenerate spent
catalysts exist, such as the recovery of the metals from catalysts (some precious metals recovery
treatments are already covered with in the Non-Ferrous-Metals BREF), regeneration of catalysts
(covered in this document) and the treatment of spent catalysts as raw materials for other
processes, which are not covered in this document (e.g. the treatment of spent alumina-
supported catalysts in the cement industry which is covered in the Cement and Lime BREF).
This document only includes ex-situ regeneration installations. In-situ regeneration is typically
part of a production process where a catalyst is used, thus is not covered in the scope of this
document.

This section is intended as well to include information on the recovery of components from
waste generated from abatement techniques (see also Section 1.2.8)

Purpose
Waste catalysts and waste from abatement techniques are typically disposed of. However, most
catalysts used in abatement techniques (e.g. NOy abatement) are regenerated.

Principle of operation

Regeneration of precious, platinum and noble metal catalysts to remove coke deposits can
successfully restore the activity, selectivity, and stability performance of the original fresh
catalyst. Coke deposits are removed by controlled combustion.

Feed and output streams

Catalysts from the refinery industry such as used in hydrotreating, hydrocracking, reforming
and isomerisation are typically regenerated. Noble metal catalysts are also regenerated. The
metals that are typically economically interesting to be recovered are Rh, Cd, Pt, Ir, the Nickel
Raney and some petroleum catalysts with Ni-Co, Co-Mo, Co.

Process description
Ex-situ thermal regeneration is performed in specially designed equipment as well as in
standard equipment, e.g. moving-bed belt calciners or rotary calciners.

The regeneration of precious, platinum and noble metal catalysts to remove coke deposits can
successfully restore the activity, selectivity, and stability performance of the original fresh
catalyst. Coke deposits are removed by controlled combustion.

As an example, after the coke is burned off, a catalyst containing platinum can be regenerated
by chlorine treatment at an elevated temperature. The chlorine treatment causes redispersion of
the platinum by converting it to a volatile platinum chloride, which is then transported through
the gas phase and deposited on the pore walls, where it is treated in H, and reduced. The result
is an increased dispersion of the platinum and a reactivated catalyst.

The common unit operations used in this sector are dryers, furnaces, leaching equipment and
solvent extraction. Some end-of-pipe processes used to control air emissions are dust removal
techniques (e.g. electrostatic precipitators, cyclones, fabric filters, ceramic filters, scrubbers,
flares), gas scrubbing systems (e.g. scrubbers, dioxins capture systems, VOC abatement
systems), and waste water treatments.

Users
There is a very precise process in France (Eurocat) which is applied to the recycling of one
specific catalyst family (hydrotreatment) coming mainly from refineries. There is only one
moving belt calciner process plant in the EU, which has been located in Luxembourg since
1979.
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2.4.4 Regeneration of activated carbon
[29, UK Environment Agency, 1996], [41, UK, 1991], [42, UK, 1995], [150, TWG, 2004]

Purpose
To treat the spent activated carbon to produce a material with properties and qualities very
similar to the original activated carbon.

Principle of operation
Thermal treatments are the main processes used for regeneration. During the process, drying,
thermal desorption and heat treatment are carried out.

Feed and output streams

Activated carbon is commercially available in three forms: extruded, granular and powder.
Since powdered carbon is extremely difficult to regenerate, this activity is not carried out on
powdered carbon. Only the first two forms are therefore considered in this section.

Process description
Regeneration is normally carried out thermally and is typically composed of the following
operations:

Receipt, handling and dewatering

Spent activated carbon is normally received on site as a drained solid in tankers. Water is added
at the regeneration site in order to turn the carbon into slurry, which is fed to a tank where it is
dewatered and charged into a kiln to be regenerated.

Thermal regeneration

After separation from the water, the moist carbon is fed into the furnace for regeneration.
During thermal regeneration, drying, thermal desorption (i.e. removal of the organic chemicals)
and high temperature (650 to 1000 °C) heat treatment in a slightly oxidising controlled
atmosphere are carried out.

The types of equipment generally used are multiple hearth furnaces, directly fired rotary kiln
furnaces and indirectly fired rotary kiln furnaces. Fluid bed furnaces and infrared furnaces may
also be used.

Flue-gas treatment

Users

The most common use of these techniques is in the thermal regeneration of activated carbon,
especially in facilities regenerating industrial or potable water/food grade carbons. This is
because of the potential for carbons from a variety of sources to be contaminated with a range of
organics. The other methods, such as steam regeneration, tend to be applied in specific areas and
typically undertaken on-site.

Multiple hearth furnaces are used extensively worldwide. In conjunction with multiple hearth
furnaces, rotary kilns (directly and indirectly fired) are one of the most common types of
furnaces employed. Fluid bed furnaces are mainly used in Europe on potable water applications
and also in North America for waste water and decolourising.

Other treatments are available as steam, chemical and biological regeneration. However they are
only used for in-situ regeneration on-site and not at separate facilities. Steam regeneration is a
non-destructive technique and is primarily used where the spent carbon contains highly volatile
compounds. The resulting steam/VOC vapours are condensed. Chemical regeneration is a
non-destructive technique that uses a variety of gaseous or liquid desorbants. There are
numerous regenerant materials available, many of them highly specific to the individual
application.

94 Version May 2005 MA/EIPPCB/WT_Final Draft



Chapter 2

2.4.5 Regeneration of resins
[41, UK, 1991], [42, UK, 1995], [150, TWG, 2004]

Purpose
To regenerate ion exchange resins for their re-use.

Principle of operation
Thermal regeneration may be accomplished by using hot water or steam.

Feed and output streams

The feed corresponds to spent resin with the output of the process being regenerated resin. The
attractive forces encountered in resin adsorption are usually weaker than those of granulated
activated carbon adsorption. Due to this, regeneration of resins can be achieved by simple,
nondestructive methods such as solvent washing, and the solute can be recovered. Thermal
regeneration of resin adsorbents is generally not possible due to their temperature sensitivity,
although in recent years some new products are becoming available that can be regenerated by
hot water.

Process description

Steam regeneration

Steam regeneration is only possible if the temperature limits of the resins are within those of the
available steam pressure. For example, styrene based polymeric adsorbents are usually stable to
200 °C, whilst acrylic based resins are only stable up to 150 °C. The adsorbed solvent and other
organic constituents can cause the resin matrix to swell and weaken. It is important therefore,
that removal of these constituents by steaming does not result in disruption and breakup of the
resin matrix.

Hot water regeneration

Users
This technique is not widely used, but it may be applied to the desalination of brackish water for
a cleaner process water usage. It would not be used for deionised water applications.

2.4.6 Regeneration of waste acids and bases
[40, Militon and Becaud, 1998], [86, TWG, 2003], [144, TWG, 2002], [150, TWG, 2004]

As described in Section 1.2.10, only waste sulphuric and hydrochloric acids are regenerated.

2.4.6.1 Regeneration of spent sulphuric acid

As mentioned in Section 1.2.10, two alternative methods for regenerating spent sulphuric acid
exist. One is the thermal decomposition of spent sulphuric acids to give SO,, achieved in a
furnace at temperatures of around 1000 °C. The SO, produced is then used as a feedstock in the
production of H,SO,. Both processes (thermal decomposition and SO, conversion to H,SO,) are
covered in the LVIC-AAF BREF [62, EIPPCB, 2003]. There are some industrial processes
where sulphuric acid is used (e.g. production of titanium dioxide). In such cases, the recycling
of the spent sulphuric acid is an integral part of the process and will be covered in the BREF
where that industrial process is covered. The second alternative process to regenerate spent
sulphuric acid is based on the reconcentration of weak/spent/waste sulphuric acid, with or
without a separation of the potential impurities (e.g. salts). This is also included in this BREF
document.
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Purpose
To re-use the spent sulphuric acid for the same purpose as it was originally used for or for a new
use.

Principle of operation
Reconcentration of the weak sulphuric acid by evaporation.

Feed and output streams
Spent/weak sulphuric acid is concentrated to a stronger acid solution.

Process description

Concentrations close to 70 % H,SO, have been achieved and the process consists of water
evaporation, without too much H,SO, in the vapour phase. The range of temperatures vary with
the processes. There are many processes but the most common are based on the forced
circulation evaporators, which allow a very stable operation; due to the big circulation, any solid
in the acid will remain in the suspension and can be separated out in the concentrated acid, if
necessary.

Because of the cost of the process is very dependent on energy, (medium pressure steam), a
multiple effect evaporator can reduce the operating costs very much; vacuum operation allows
lower operation temperatures and the use of more standard materials for equipment
construction.

Another process for weak acid concentration uses hot gases (from sulphuric acid or any other
process), by contacting hot gases and weak acid, the water will be evaporated towards the water
saturation; the process takes place at atmospheric pressure but, due to the relatively high gas
volume, some acid carry over must be prevented, by demisters or other similar devices.

Submerged combustion processes consist in the production of flue-gases at very high
temperatures, (in excess of 1500 °C), directly over the spent acid level; the flue-gas passes
through the spent acid allowing water evaporation from it, suffering an adiabatic cooling down
to 150 —250 °C; before being to discharged into the air, the gases need to be cooled and
scrubbed out; in general, no especially high SO, emissions will be expected but NO; levels
should be important.

Other processes, such as Chemico, have been used for 70 years for sulphuric acid concentration;
the principle is quite the same, except that the combustion does not take place within the vessel
and the temperature is considerably lower (in the range of 600 °C).

Users
The metal industry.

2.4.6.2 Regeneration of spent hydrochloric acid

Most often, HCI is produced as a by-product from chlorination processes. HCI is generally
produced in the gaseous phase and directly re-used in a chemical process. It can also be
dissolved in water and used as a raw material for the production of other chemicals, such as
water treatment product (e.g. FeCl;) in electrolysis or as a neutralisation agent. HCI can be used
in applications such as metal pickling or ion exchange regeneration.

Afterwards, spent hydrochloric acid is neutralised rather than regenerated. Then, reference to
Sections 2.3.1 and 2.3.2 needs to be made. Some other regeneration treatments exists, for
example, re-use as a picking acid. However, in this use, no treatment is carried out to these
streams, so these are not covered in this BREF document.
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2.4.7 Treatment of solid photographic waste

Purpose
Separate the waste in two main streams: one containing some valuable components (e.g. Ag)
and the other to be used as fuel.

Principle of operation

The silver containing fixer is desilvered by means of electrolysis (see Section 2.4.8 on treatment
of liquid photographic waste). The chemical reaction for dissolving silver from film is:
Ag+Fe’" «> Ag"+Fe™".

Feed and output streams
Silver and energy.

Process description

The film waste is cut into little pieces by a shredder. The shreds are washed with a desilvering
liquid and rinsed with water. Possible desilvering agents are desilvered bleach-fix (contains
iron) or iron chloride. When desilvered bleach-fix is used, the consumption of raw materials is
reduced. When iron chloride is used, silver chloride is separated and then dissolved again by
means of a fixer. The plastic shreds are dried, after which they can be incinerated with energy
recovery or used as a secondary fuel in a cement kiln.

Users
Photographic industries.

2.4.8 Treatment of liquid photographic waste

Purpose
Separate the waste stream into valuable components (e.g. Ag).

Principle of operation

Desilvered liquids and photo processing waste with a low silver content, such as developers, are
treated by means of sulphide precipitation and membrane filtration. By adding a sodium
sulphide solution, silver ions and other metals are precipitated. By pressing the solution through
membranes the solid particles are filtered out. The permeate from membrane filtration
undergoes further treatment. The silver contained in the sludge is recovered by means of
pyrometallurgic treatment and refinement. These treatments are described in the Non Ferrous
Metals Industries BREF. Photo processing liquid wastes with a low silver content are treated by
chemical removal. By adding sodium borohydride, metallic silver is precipitated. The silver is
recovered from the containing sediment. The desilvered liquid undergoes further treatment.

Feed and output streams
Silver.

MA/EIPPCB/WT_Final Draft Version May 2005 97



Chapter 2

Process description
The treatment of the desilvered liquid photo processing waste with a high silver content consists
of the following steps:

silver is removed from photo processing waste with a high silver content (>100 mg/l) by
means of electrolysis. After refining, the silver is re-used

for a concentration of concentration of silver of 5to 100 mg/l, desilvering by
electroflocculation or sulphide precipitation and membrane filtration is applied. The created
sludge is sent for incineration

colour processing waste water is, prior to further treatment, evaporated in a vacuum
evaporator because of the presence of toxic and not easily degradable organic compounds
treatment in an activated carbon filter, where large organic and metal containing complex
agents are absorbed by the carbon. When the carbon is saturated, it is regenerated and
re-used

purification by means of flocculation and flotation

biological treatment

evaporation in a vacuum evaporator. The condensate can be used as processing water or
discharged

the sludge from the flocculation/flotation and biological treatment and the residue from the
evaporator are incinerated or landfilled.

Ag > 100 mg/l »  Electrolysis | » Silver » Re-use

|

Liquid Sulphide .
photographic precipitation Sludge Recovery of silver
waste —Y & membrane [ containing siver ————»
Ag (5—100 mg/l) filtration

N

Evaporation (in case of Activated Flocculatio Biological Evaporation
colour processing tp| carbon | nfflotation || treatment |y ly. Effluent
waste water) filter

Figure 2.17: Treatment of liquid photographic waste
[156, VROM, 2004]

Users
Photographic industries.
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2.5 Treatments primarly aimed at producing material to be

used as fuel or for improving its energy recovery
[5, Concawe, 1996], [7, Monier and Labouze, 2001], [8, Krajenbrink, et al., 1999], [11, Jacobs and
Dijkmans, 2001], [13, Marshall, et al., 1999], [21, Langenkamp and Nieman, 2001], [40, Militon and
Becaud, 1998], [50, Scori, 2002], [52, Ecodeco, 2002], [55, UK EA, 2001], [56, Babtie Group Ltd,
2002], [57, EIPPCB, 2001], [58, CEFIC, 2002], [59, Hogg, et al., 2002], [64, EIPPCB, 2003], [81, VDI
and Dechema, 2002], [86, TWG, 2003], [114, Hogg, 2001], [122, Eucopro, 2003], [126, Pretz, et al.,
2003], [150, TWG, 2004].

This section covers those treatments and processes which are mainly applied to obtain a
material, prepared from waste, to be used as fuel or to change its physico-chemical properties to
allow a better recovery of its calorific value. Some treatments may produce some outputs that
may be used for other proposes other than as fuel. These processes are very similar and only
depend on the physical properties of the starting waste and the physical properties that the waste
OUT needs to have to be able to be burned in a combustion chamber. Discussion of the actual
combustion of the waste is not in this document as it is covered in the individual sectorial
BREFs (e.g. waste incineration, cement and lime, large combustion plants, iron and steel, etc.).

Waste which has some calorific value is currently used as a fuel in certain combustion
processes, €.g. waste incineration, in cement or lime kilns, large combustion plants, heating
plants, chemical works, industrial boilers, ceramic plants, brick production, iron and steel
production, non-ferrous metal production. Some of the sectors using waste as a fuel are directly
linked to the production of that waste. This implies that some wastes, produced in stable
processes (therefore of a certain consistency), may not need any further preparation for their
onward use in that sector and therefore they are often delivered directly to the plant where they
will be used (e.g. used oils, used solvents). In these cases, no treatment is carried out on the
waste, so consequently this activity is not included in the scope of this document (these ones
represented in the following Figure 2.18 as brown arrows). The type of waste streams that are
technically suitable for use in co-incineration plants is an issue that will be tackled in individual
sectorial BREFs. This document considers and analyses the environmental issues involved in
handling and transforming different types of waste into a material suitable to be used as fuel in
different processes as represented by the blue arrows in Figure 2.18.

WASTE
INCINERATION
—> WASTE
R
Raw | 'ggg?g‘;'ﬁ" > PRODUCTS —> USE—> WASTE CEMENT or
materials LIME
—> OTHER WASTE KILNS
Raw ——> PRODUCTS—> USE —> WASTE WASTE
N "‘é‘égiggg'- TREATMENT
materials —>WASTE SECTOR
——> OTHER WASTE
/ Lep
Raw — PRODUCTS—> USE —>WASTE >
materials: SECTORC [~ WASTE EcTon
SECTORS
—> OTHER WASTE

Figure 2.18: Some current possibilities for the use of waste as a fuel in different sectors
Note: This figure does not intend to show all the possibilities that may appear. Some options are not
shown in the figure to increase its readability

MA/EIPPCB/WT_Final Draft Version May 2005 99



Chapter 2

To cite a few instances, the use of waste oil as a substitution fuel without any treatment is one
option that is used across Europe, varying in popularity depending on local economic and
legislative circumstances. Most national regulations allow the burning of waste oil in cement
kilns. Waste oils are accepted under special conditions as cement kiln fuel in France, Germany,
Italy, Spain and the UK, but seem to be banned for that use in the Netherlands, for instance. In
other countries they are simply not used.

Common techniques used in the production of these materials for their use as a fuel are
described in Section 2.1.

2.5.1 Preparation of solid waste fuel mainly from solid waste

2.5.1.1 Preparation of solid waste fuel by mechanical (and biological) treatment
from non-hazardous wastes

Purpose

The main purpose is to prepare a combustible material out of municipal solid waste (MSW).
Other purposes are mentioned in Section 2.2.2. The main function of the fuel preparation is to
upgrade selected materials into a specified fuel. This section also covers the preparation of solid
fuels by blending/mixing. Broadly, it is possible to distinguish two types of MBTs:

e ‘separation’ facilities -which seek to split residual waste into ‘biodegradable’ (that may be
dried and used as fuel) and ‘high calorific’ fractions, and

e ‘dry stabilisation’ processes, which are less concerned with the splitting into fractions, and
more aim towards the use of heat from a ‘composting’ process to dry the residual waste and
increase its calorific value, therefore making it suitable for use as a fuel as well as to
improve the separation of fractions.

Principle of operation

This type of fuel is manufactured by sorting wastes mainly to leave a combustible material, by
mainly removing wet putrescibles and heavy inerts (stones, glass, scrap metals, etc.) from the
wastes. Other operations used are for example sieving, separators, crushers, screening and
picking.

Solid fuel preparation technologies vary considerably depending on the source and type of
waste, and on the user requirements of the customer/combustion installation.

It is very important to bear in mind that waste is a heterogeneous mixture of materials,
especially municipal solid wastes. Therefore, in producing the fuel, the producer makes a fuel
more homogeneous by utilising preparation technology and specific waste processing.

Feed and output streams

See Section 2.2.2. This activity is commonly used for the treatment of non-hazardous waste.
Solid fuel can arise from many different sources, such as pre-use of industrial residues, post-use
of industrial waste, selected fractions from commerce and houscholds, and from construction
and demolition activities. The input to the process then may be either direct industrial waste or
mixed waste (typically as the level of mixing increases, the need for waste preparation
increases). Depending on the source, the composition and amount of contamination of the waste
OUT will differ.

MSW, ‘commercial’ waste, and construction and demolition waste are the most common
sources. The most common waste materials are paper, plastic, wood and textiles. Another type
of waste typically used is the paper fraction (paper + plastic + rubber) from oil filters. This
contains a high calorific value.
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It is possible to distinguish two major fuel types: shredded or fluff-like material and densified
fuels, such as pellets, cubes and briquettes. Densified recovered solid fuel can have lower
heating values (LHV) i.e up to 30 MJ/kg depending on composition. The reported minimum
calorific values vary from 3 to 40 MJ/kg. Other data report that the input, which may typically
have a starting calorific value of ¢. 8.4 MJ/kg can increase its calorific value to ¢. 17 Ml/kg
mainly by separating out the non-combustable fractions (e.g. inorganic materials and water).

Waste plastic can be substituted for other solid fuels, such as coal, peat, wood, petroleum coke,
etc. There are a number of developments currently being carried out on fuel substitution, as well
as some demonstration plants currently operating using solid waste plastic.

The treatment to produce solid waste fuel divides the MSW into two fractions. The calorific
value and the composition of these fractions are different and also differs from the MSW
treated. The fraction that remains after the extraction of the solid waste fuel may represent a
high percentage of the MSW treated.

Process description

See Section 2.2.2. Depending on the source and the use, these wastes are shredded, separated,
blended and pelletised. A typical example of a flow sheet is: input (waste), mechanical transport
(e.g. conveyer belt), separation (e.g. by drum sieves, air classifiers, handpicking, magnets,
dryers), size reduction (e.g. by crushing, shredding), size increasing (e.g. baling, pelletising),
and finally output (fuel). Several examples applied in this process are known:
reducing/removing/changing physical and/or chemical contaminants. Figure 2.19 only shows
one main characteristic - automatic picking. Near infrared spectroscopy or metal separation also
influences such properties as for example heavy metal contents. Figure 2.19 presents an
overview of some common process units, which may be applied for solid waste fuel production.
The number and kind of processing steps applied depend on the waste composition and the
desired waste OUT qualities.
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Quality assurance management system
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Waste processing
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Figure 2.19: Process scheme of solid waste fuel production
[126, Pretz, et al., 2003]

Source selection may be the first action to take into account for monostreams. Preselection may
be incorporated in the collection system for mixed commercial wastes. The waste receiving area
is the first important facility with regard to the quality assurance management system and this is
where a receiving inspection is carried out. All kinds of disturbance materials which might
cause operational or quality problems, need to be sorted out at this early stage.
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The production of solid waste fuel can be divided into several steps which are listed below.
However, this list only presents an overview of possible techniques; each technique is not
necessarily part of each process:

receiving area/bunker

presorting/contaminants selection

feeding equipment - wheel loaders or cranes are usually applied for the feeding of the

process

size reduction - comminution can be achieve by hammer mills, shear shredders, single shaft

shredders, rotary cutters, cam shaft shredders and cascade mills

metal separation - to separate, for instance, ferrous metals out of the solid waste, it is

possible to use a number of techniques based on the different properties of the material. The

most important characteristics in waste treatment are density, shape, magnetic susceptibility

and electric conductivity. The type of systems mostly used in this sector are magnetic

separators (overband magnetic separators, magnetic drum separators, magnetic pulleys) or

Eddy current separators (to separate out non-ferrous metals)

classification - classification can be carried out by drum screens, linear and circular

oscillating screens, flip-flop screens, flat screen, 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

= aseparation of coarse or fine particle sizes is required

= acomminution material has a high content of particles of the final particle size and only
oversized particles should be 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
contains a high content of heavy metals substances

air classification (e.g. by air classifiers or aeroherds)

near infrared spectroscopy

automatic picking

compacting/pelletising can be carried out by flat bed presses, ring die presses, or

disc-agglomerators

storage/storage area/hopper

biological degradation/thermal drying - If the water content has to be reduced to increase

the calorific value, a drying process step is necessary. This can be implemented as a thermal

or biological drying step. It may be necessary to dry the waste in order to achieve higher

sorting/classification ratios of waste

exhaust gas collection and cleaning

waste water treatment

loading and transportation.

After the final processing step, a solid waste fuel is obtained. In some cases additional
processing steps may be required to design the solid waste fuel according to the consumers’
wishes. For example, further compacting or further size reduction may be requested. Table 2.15
shows the correlation between different fuel preparation processes and the end application for
different purposes.
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Co-combustion process
Prepared fuel Cement Kiln Circulated Pulverised coal Gasification and
in form of fluidised bed power plant pulverised coal
power plant
Bales Shredding (fluff), | Shredding Pelletising, storage, | Shredding (fluff),
covered storage (fluff), covered | pulverisation covered storage
storage
Soft pellets/fluff | Covered storage Covered storage | Covered storage Covered storage
Hard pellets Covered storage, | Covered storage | Covered storage, Covered storage
simple crushing pulverisation
Chips
Powder

Table 2.15: Additional processing steps required according to the physical form, to deliver waste
fuel to consumers’ specifications
[126, Pretz, et al., 2003], [150, TWG, 2004]

Once the combustible material has been separated, it is then shredded and either sent to the
customer, or pelletised before it is sent for combustion (this usually occurs when the material is
burned off-site, as a densified fuel reduces transport costs).

Users

The combustible material is typically incinerated in dedicated facilities or co-incinerated in
plants where a combustion process is carried out. The major fuel application is in
cement/limestone production and power generation. Depending on the end application, there are
different requirements for waste fuels.

This type of installation can be found in the Netherlands, Italy, Germany, Austria and Belgium,
and constitutes a basic template for some ‘integrated facilities’ planned in the UK. The blending
of large volumes of solid wastes is common practice in a number of EU states (e.g. Belgium,
France, Germany, Denmark, etc.).

The processing of solid waste fuel is not a standardised process. The extent of processing
carried out depends to a certain degree on the type of waste being received (input) and to the
actual application of the solid waste fuel.

In mechanical biological treatment, the process used in the production of solid waste fuel is a
kind of mechanical upstream facility, because the high calorific wastes are separated out before
the rest of the material is fed into the biological degradation step to lower its organics content.
In some cases, the biological degradation step is part of the production of solid waste fuel, with
the main focus being on lowering the water content. In other cases, the biological degradation
step is also arranged in the production of solid waste fuel, but the main focus may be on
lowering the organics content, to maintain the respective disposal criteria for any material which
is not part of the solid waste fuel and which needs to be disposed of. Depending on the applied
process, different regulations for emissions may apply.

In some cases, the entire waste is dried by physical and biological processes for several days
(e.g. in Germany, 7 days) under high aeration rates in a closed bio-reactor. Within this process,
the organics content is reduced only slightly, and the separation behaviour is improved
significantly. This is followed by a separation into a heavy and light fraction. The light fraction
is used as RDF after further separation of the metals. The heavy fraction (about 15 %) is
separated into metals, glass, batteries and mineral components for re-use.
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2.5.1.2 Preparation of solid waste fuel mainly from liquids and semi-liquid
hazardous waste

Purpose

The goal of the preparation of such fuel is to make a tailor-made, homogeneous, and free
flowing waste fuel, which can be used in combustion processes and this may also make it easier
for it to be traded/used.

Principle of operation
Mechanical preparation of solid waste fuel including, for instance, the impregnation of waste
over a support (e.g. sawdust, crushed paper or cardboard, adsorbents).

Feed and output streams
The types of wastes used are pasty, powders and solid waste, mainly hazardous. In some
specific cases, some liquid wastes may be used.

Process description

An example process of a layout for the production of solid waste fuel is presented in Figure
2.20. The design of the layout, as well as the selected installation, is chosen according to the
type of waste, the availability of the waste, as well as the end specification of the waste fuel.

Unloading/storage
sawdust - absorbents
A
Unloading/ storage Impregnation Pre- sievin . .

‘ . ! - ¢} Magnetic Metallic
pasty an_d Solid Formulation || with shovel or | —»| solid extraction [ separation [ | residues
wastes in bulk mixer >200 mm

A l T
Residues
[c);?\:r;?nir:: Drums crushing Shredding
emptying and Raw material of s,zvmg < Rotor sieving
cleaning recovery residues
A
A 4
Unloading/storage Solid fuel 10 mm Solid fuel 30 mm
conditioned Storage Storage
wastes Energy recovery Energy recovery

Figure 2.20: An example of the production of solid fuel from liquid or semi-liquid hazardous waste
[122, Eucopro, 2003]
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The main processes and production steps are:

e feeding of the waste from the storage to the production units. Pre-homogenisation of the
incoming wastes is based on physico-chemical characteristics. This step is critical for
ensuring the compliance of the waste fuel with the final users specifications

e shredding and/or sieving of coarse particles. Wastes that contain big particles need to be
shredded or sieved before introduction into the mixing unit

e feeding of the mixing unit

e mixing operations. Materials can be fed directly or through a hopper to stabilise, regulate
and control the quantity of waste introduced in the mixing unit. A conveyor belt is used
after the mixing operation to transport the material to the sieve

e scrap extraction by magnetic separators or Foucault (Eddy) current systems to remove
non-ferrous metals

e sieving operations by rotary or vibrating sieves. The dimensions, as well as the design of the
sieve mesh depend on the granulometry specifications and the off-specification waste fuels
(different fractions are possible on some installations, depending on the re-use possibilities
of the big particles). Off-specification fractions can be reprocessed in the production, treated
in a dedicated shredder, and/or treated in incineration or dedicated co-processing units

e storage of waste fuel before loading

e dispatch of the waste fuel. Loading of the trucks (or potentially trains or ships) is carried out
by cranes, conveyor belts or bulldozers

e cryogenic crushing and separation of used packaging of paint, ink, and similar substances.

Users
Co-incineration plants (e.g. cement kilns).

2.5.1.3 Preparation of solid waste fuel by the carbonisation of contaminated
wood

Purpose
Carbonisation of contaminated wood can be carried out to obtain a vegetal carbon to be used as
fuel.

Principle of operation
Carbonisation of wood at a relatively low temperature (300 — 400 °C).

Feed and output streams
Contaminated wood is converted to coal, that can then be used as fuel. The metals are recovered
and valorised in the metallurgic works.

Process description
The process is divided into three types of operations:

a. cutting of the wood in order to obtain a material with homogeneous granulometry and
composition

b. carbonisation of the wood shavings in order to obtain a vegetable coal concentrating all of
the metals. The carbonisation is carried out at temperatures between 300 and 400 °C in a
low oxidant atmosphere. In this way, the organic compounds are gasified and the heavy
metals are concentrated in the carboneous residue. This residue is then extracted from the
oven and the gas is treated at 850 °C for two seconds

c. extraction of the heavy metals. This is an essential step to obtain pure carbon (with a
calorific value of 27000 kJ/kg). A fine crushing is undertaken in order to separate the metal
crystals of the carbon structure. The metals (3 w/w-%) are separated by centrifugation and
the carbon is aspirated from the centre through a bag filter. The metals are recovered in
metallurgic processes.

Users
One installation in France.
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2.5.2 Preparation of liquid waste fuels

In this section, treatments carried out to prepare liquid fuels from liquid or semi-liquid materials
are covered. The liquid waste fuel produced has properties enabling it to become fluid and move
when a difference of pressure or gravity is applied. Some of the materials produced may be very
viscous and can be very difficult and expensive to pump, however they still maintain fluid
properties. The waste OUT of these treatments are referred to in this section as ‘liquid waste
fuel’, regardless whether the fuel is semi-liquid or liquid. Those processes that start from liquid
or semi-liquid waste and end up as a solid waste fuel are included in Section 2.5.1.2.

Typically, the materials prepared by these types of treatments are hazardous wastes. Several
liquid waste fuels can be prepared according to the different wastes and market requirements:

organic liquid preparation by blending

fluidification

emulsions

sludges (the preparation of these types of waste is considered as an emerging technique).

The main processes used in the preparation of wastes to be used as fuel are:

e knowledge, controls, follow-up and traceability of wastes (a common technique as
described in in Section 2.1)

transport of wastes (a common technique as described in in Section 2.1)
reception of wastes (a common technique as described in in Section 2.1)
unloading of wastes (a common technique as described in in Section 2.1)
storage units used before treatment

reconditioning

homogenisation and blending

crushing

sieving

fluidification

phase separation for liquid wastes: settling, centrifugation, extraction, ...
drying

washing.

2.5.2.1 Preparation of organic liquid waste fuels by blending mainly hazardous
wastes

Purpose
The aim of this operation is to blend and homogenise compatible wastes from several producers
and/or sources. The purpose of this operation is to:

provide a nearby service to producers with only small quantities of organic liquid wastes
rationalise the logistic organisation (transports, etc.)

develop an adapted solution for packed wastes with several phases (liquid/pasty or solid)
separate the different phases (water, organic liquid, sludges or solid) from a composite
waste in order to optimise the recovery

e prepare the homogeneous and stable wastes in accordance with specifications.

Principle of operation
These operations may involve the grouping of small quantities and/or pretreatment activities
such as phase separation or settling. Blending and homogenisation are the main operations.
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Feed and output streams

Liquid and semi-liquid waste with a high organic content. The wastes utilised include solvents,
oils, oil sludges, emulsions, distillation residues, tank bottom sludges, oil emulsions from
mechanical and metallurgy industries, wastes and sludges containing oil from petroleum
refining and from the collection and storage of oil materials, waste from oil distillation and
regeneration from production failure; pasty wastes such as grease, ink and adhesives wastes;
pulverulent wastes such as paint powder, washing powder wastes, etc.

Process description
An example of a process layout for the preparation of liquid fuel from waste is presented in
Figure 2.21.

Truck L N L, Phases Liquid N L
unloading > Filtration > Storage separation homogenisation ”| Filtration
A 4
Pasty v
wastes
extraction Loading
A 4
Drums qul‘lld Pas‘ty Liquid Energy
. —> > fuel recovery
reception mpin emptyin ue
pumping ptying process
Metallic Raw
» packaging »  material
washing recovery
R Plasti.c | Energy
packaging recovery
crushing

Figure 2.21: An example of the process layout for the preparation of organic liquid waste fuel
[122, Eucopro, 2003], [150, TWG, 2004]
Note: ‘Liquid fuel process’ uses pasty waste to produce other liquid fuels

The main processes and production steps are:

Unloading and grouping

e liquid wastes in bulk. After filtration and/or settling, organic liquids are sent with a
centrifuge or membrane pump to metallic cylindro-conical tanks equipped with a blending
device in order to avoid settling or phase separation (consisting of a pendular mixer or
pumping system which blends the top and the bottom of the tank by continuous circulation)

e packed wastes (drums, etc.). Before grouping, the packagings are emptied with techniques
adapted to their physico-chemical characteristics. Generally, two phases exist: a liquid one
and a pasty (and sometimes solid) one in the bottom of the drum.

Preparation
This step consists of operations such as settling, grinding, filtration and blending. A stirring

propeller or a recirculation system is used in order to keep the wastes homogeneous.
Sometimes, a grinding system is used with a recirculation technique in order to decrease the
granulometry of any solid particles which may be in the liquid waste.

Dispatch
Before loading, the liquid preparation is filtered through a 3 mm filter. The loading of the trucks

is carried out with all the security systems necessary.

Users
Co-incineration plants (e.g. cement kilns).
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2.5.2.2 Preparation of liquid waste fuels by fluidification of hazardous wastes

Purpose
The aim of this operation is to blend and homogenise compatible wastes from several producers
and/or sources.

Principle of operation
Fluidification means processes where liquid, pasty and solid wastes are homogenised and
shredded together in order to produce a liquid fuel which can be used as fuel.

Feed and output streams
Typically hazardous waste such as oil residues, used solvents, residues from organic chemical

synthesis, oil and grease, etc.

Process description

.
Rejected particles E
.
.

Step 1 Step 2 Step3 Step 4
Preparation H Dissolution and screening » Grinding and } Storage
. : emulsifying :

<
>
Sl W=
separator H

Figure 2.22: An example of the process layout for the production of liquid waste fuel by
fluidification
[122, Eucopro, 2003]

The main processes and production steps are:

Pre-homogenisation

Pre-homogenisation of the incoming wastes is based on the physical-chemical characteristics.
Pre-homogenisation consists of producing a premix with physical characteristics acceptable for
the fluidification process. This step prevents different kinds of problems arising inside the
process, such as blockages in the hoppers/pipes/machinery.

Feeding of the waste from the upstream storage facilities to the fluidification process

Solid wastes are handled with a mechanical shovel, hydraulic arm, crane bridge or hydraulic
loader. They are transferred to the fluidification process with a screw conveyor or a reddler
conveyor. Sludges are handled with hydraulic shovels, crane bridges and/or hydraulic piston
pumps able to handle high viscosity materials. Liquid wastes are handled by pumps. Pumping
technologies must be able to accept fluctuations in the quality and presence of particles in
suspension.

Fluidification process
This is composed of four main steps:
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‘Calibration’ of the pasty part

This step consists of shredding coarse particles, extracting any foreign metallic parts blended
accidentally with chemical wastes and then transfering this pasty material into the mixing tank.
The shredders used are slow motion shredders, used for flammable and low flashpoint wastes
(e.g. mono-rotor or bi-rotor rotary shears) and dedicated shredders for specific wastes (e.g.
cryogenic shredders). Technologies for the extraction of undesired solid portions include ferrous
and non-ferrous metal separators for metals and vibrating sieves and/or static grates for bigger
particles. The transfer of the material is carried out by screws and pumps (e.g. concrete pumps).

A simplified design is also possible for lower investments: this consists of a smaller capacity
unit, which is dedicated to less difficult wastes (i.e. that free of coarse pieces). In this case, the
material may be transferred into the mixing step by shredding. A rotary filter may be installed to
remove large quantities of useless materials

Dissolution and screening
his second step dissolves and emulsifies the pasty parts into a solvent phase, to obtain a
homogeneous material.

The dissolution of solid organic compounds in a liquid phase composed of solvents and/or
waste water is carried out by special mixers, rotary screens and buffer tanks. The mixers must
respond to the constraints of the sticky material containing strong and voluminous solids in
suspension. They pulverise the solids between rotor and stator and blend them into the liquid
phase. Next, the liquid mixture is admitted inside a rotary screen, which extracts the pieces of
plastic lining fragmented by the shreddinig in the previous step. A buffer tank collects the
material in the course of preparation at the end of this step

Grinding and emulsifying

This third step consists of finely grinding any solid particles remaining in suspension in the
liquid phase. It also consists of making a fine emulsion between the aqueous phase and the
hydrocarbons phase constituting the liquid waste fuel. The stability and the quality of
combustion of the waste fuel depends directly on both its homogeneity and the size of
fragmentation of the solids in suspension.

These criteria require high velocity technologies of grinding/emulsifying protected by magnetic
separators and mechanical filters. The equipment must be flexible enough in order to accept
fluctuations in viscosity, density and the nature of the solids in suspension.

The liquid waste fuel is controlled at this step, during the filling of the buffer tank. Some
parameters such as pH and viscosity can be controlled continuously in process. Other
parameters such as LHV, composition and flashpoint, are controlled from samples taken during
the production. If the quality does not meet the specification, the fuel must be reprocessed
before being transferred to the storage unit.

A simpler design is possible for small capacity units: here steps 2 and 3 may be carried out at
the same time. In this case, the mixing and buffer tank will be the same and the grinding line
will run into the mixing tank

Storage and dispatching

Once a high level is reached inside the buffer tank, the material can be transferred by pump into
the final storage. During this transfer, a latter adjustment of the quality of the fuel can be carried
out by means of grinders and filters operating on the transfer line. The storage capacity is
generally composed of vertical cylindrical-conical tanks with blending equipment. Two
technologies of blending are appropriate to homogenise the liquid fuel:

e along marine mixer installed on the roof of the tank
e apumping system which blends the top and the bottom of the tank by loop circulation.
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Dispatching to the customer is carried out by a truck loading station. This loading station is fed
by the storage unit mentioned above.

Users
Co-incineration plants (e.g. cement kilns).

2.5.2.3 Preparation of emulsions from liquid/semi-liquid hazardous waste

Purpose
The aim is to produce a homogeneous and stable waste fuel from liquid and semi-liquid waste.

Principle of operation
This process is based on the control of blending by means of the addition of selected chemicals
or tensides.

Feed and output streams

Emulsions are typically produced from hazardous wastes such as oils and emulsions from the
mechanical and metallurgy industries, wastes and sludges containing oil from petroleum
refining, production failure, etc.

Process description
Installations are similar in design and layout to those used for the pasty raw meal preparation for
clinker production in cement kilns.

Unloading/Storage
used oils
Unloading/Storage
oils emulsions
A A Filtration with a
Unloading/Storage | Pre-mixing | Formulation Delayer < curved sieve
pasty wastes in bulk in pit > (4 mm)
b A 4
Unloading Drums Drums y
pasty tes in emptyin_g and | pressing Sand
drums cleaning and recovery extraction
Unloading l
pulverulent tes in Pulverulen-t waste
. emptying . .
big bag Storage with agitator
Unloading/Storage l
surfactant liquids
Filtration
3 mm
» Energy recovery
Unloading/Storage in
others organic liquids co-processing
wastes

Figure 2.23: An example of the process layout out for the preparation of emulsions
[122, Eucopro, 2003], [150, TWG, 2004]
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The main processes and production steps are:

Feeding of the waste from the storage to the production units

Before introduction into the production process, wastes are deconditioned with equipment
adapted to their physical characteristics. Pasty wastes extracted from drums are put in special
pits. They are first handled by mean of a mechanical shovel to a homogenisation pit. Then, they
are transferred to a hopper in order to be introduced to the production process by a screw
conveyor or a concrete pump. Pulverulent wastes, such as paint and washing powder, are
received in big bags. They are directly put into the production process with equipment adapted
to capture dust emissions. Liquid wastes are handled by pump. Pumping technologies
(centrifuge pump, volumetric pump with out-rotor, etc.) must be able to accept a viscosity
fluctuation and the presence of particles in suspension

Formulation

According to the physical-chemical characteristics of the waste stored, the laboratory defines
the specifications, including the nature and quantities of wastes, which can be put into the
production processes. Compatibility tests are also developed. Such tests are carried out at any
operation, in order to comply with the waste fuel specifications

Production process

The production process which is a batch process is carried out by special mixers (called
‘delayors’), closed in order to prevent VOC emissions. The different components are introduced
in the mixer according to laboratory specifications. An agitator provides for stable emulsion
production. During this step, several parameters are monitored, such as viscosity, pH,
temperature and motor specification. One of the purposes of this monitoring is to detect any
polymerisation reactions, as these could cause production problems

Screening
Once the emulsion is achieved, it is circulated again with a centrifuge pump to the mixer and

through a curved screen providing particle retention above 4 mm

Sand extraction

When the mixer is emptied and before being sent to the storage capacity, the material is pumped
to a concrete pit with a sedimentation area. The aim is to separate through density any mineral
solid particles (e.g sand) which may be present in the material

Storage and dispatching

The material is transferred by centrifugal pump to storage. The capacity of the storage is
generally composed of concrete or steel vertical cylindrical tanks with blending equipment.
Three technologies for blending are appropriate to keep the homogeneity:

e asubmerged agitator
a low agitator with a scraper in order to avoid sedimentation

e a pumping system which blends the top and the bottom of the tank with high flow (around
250 m’/h) loop circulation.

The waste fuel quality is controlled in order to be sure that its characteristics comply with
customer specifications. In some specific cases, the addition of waste with a high calorific value
may be made if the calorific value is considered too low.

Dispatching to the co-processing factories is carried out by a truck loading station. A final
screening (through a filter of 3 mm size) is undertaken whilst loading.

Users
Co-incineration plants (e.g. cement kilns).
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2.5.2.4 Treatments of waste oil where waste OUT is basically used as a fuel

There are two main options for the treatment of waste oils (see Figure 2.13 in Section 2.4.1).
One way is to treat the waste oil to reconvert it to a material that can be used as a base oil to
produce lubricants. This is referred to as ‘re-refining’ in this document and it is covered in
Section 2.4.1. The other way is the treatment of the waste oil to produce a material that will be
mainly used as fuel or for other uses (e.g. absorbant, mould release oil, flotation oil). These
treatments are covered in this section. As is the case in the whole document, this classification
has been adopted for this document and it is not intended to provide any attempt to define any
of the R codes from EC waste legislation.

The calorific value of waste oils can be utilised. When used as a substitute fuel, principally for
coal, diesel and light fuel oil, used oil has an economic value. A number of different burning
applications for used oil exist, distinguishable partly by the temperature at which they burn, and
partly by the control technology they use to reduce environmental effects. Before its use as fuel,
several cleaning or transformation treatments may need to be applied. These are summarised in
the Table 2.16.

Fuel use Industrial sector use

Type of treatment

Changes that occur in the
waste oils after treatment

No treatment. Used
directly in a
combustion process

(Not covered in this
document)

No change

Directly used as fuel in
kilns, furnaces, etc.

Waste incinerators,

Cement Kkilns,

Space heaters (garages, green
houses, workshops, etc.) '
On-board ships (typically
using marine oils),

Quarry stone industries.

Mild re-processing

Removal of water and
sediments

Waste fuel blend to fuel
oil (replacement of fuel
oil)

Cement Kkilns,

Road stone plants,
Large marine engines,
Pulverised power plants

Severe reprocessing
(chemical or thermal
processes)

Demetallised heavy fuel
oil (or heavy distillate)

Waste fuel blend to fuel
oil (replacement of fuel
oil)

Marine diesel oil,
Fuel for heating plants

Thermal cracking

Demetallised and cracked
material

Distillate gasoil

Gasoil (also called heating
oil, diesel oil, furnace oil,
etc.),

Demetallised heavy fuel oil,
Marine gasoil,

Rerefined light base oil not
used as fuel

Hydrogenation

Reduction of sulphur and
PAH contents

p B Vi
Gasification

Converted to synthetic gas
(H, + CO)

Fuel gas

Chemical production of
methanol

Large combustion plants (e.g.
gas turbines)

' Forbidden in some MSs
2 More information in Section 2.5.3

Table 2.16: Treatments applied to waste oils before their use as fuel
[S, Concawe, 1996], [7, Monier and Labouze, 2001], [86, TWG, 2003], [150, TWG, 2004]
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2.5.2.4.1 Direct burning of waste oils

Burning waste oils without any treatment is one disposal/treatment option that is used across
Europe, varying in popularity depending on local economic and legislative circumstances. There
are four sectors identified where waste oils are directly burned: cement kilns (see Cement and
Lime BREF); waste incinerators (see Waste Incineration BREF); as a reducing agent/fuel in
blast furnaces (see Iron and Steel BREF), and in large combustion plants (see Large
Combustion Plant BREF). As these are already covered in other BREFs, they will not be
included under the scope of this document.

2.5.2.4.2 Mild reprocessing of waste oils

Purpose
To clean the waste oils to improve the physical properties, so that they can be used as a fuel by a
wider variety of end users.

Principle of operation
The treatments involve the settling of solids and water, chemical demineralisation,
centrifugation and membrane filtration.

Feed and output streams
Waste oils in general. A simple cleaning process is applied to waste oil destined for asphalt
drying or for fuel blending before further use.

Process description

Recovered
Steam A o
storage
Waste . Warm 1 | Removal
oil Boiler | | Heating oil | Warmoil| | © =% | s
vessels [ i filtration oil from ewer
storage recycling effluent
tank
db » Sludge
Aqueous
condensate
Separation
waste

Figure 2.24: An example of a mild reprocessing of waste oil
[55, UK EA, 2001]
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Settlin
Water and sediments are settled in a tank after mixing the used oil with a demulsifier. Settling is

facilitated by heating the tank up to 70/80 °C. If necessary, the clear oil is decanted and passed
through a series of filters. The waste water and sediments are treated. A simple cleaning process
to remove water and sediments (althought typically, this does not deal with the heavy metals,
halogens and sulphur), is given before the further use of the waste oil as a replacement for fuel
oil.

Chemical demineralisation

This process is used to clean metallic contaminants and additives. The chemical process relies
on the precipitation of salts such as phosphates, oxalates and sulphates. The waste fuel is
suitable for burning as ‘black oil” and produces less air pollutants because of its pretreatment.
Water is usually removed by demulsification and heating. The precipitate is removed by settling
and filtration. Unfortunately, the chemicals and plant required are quite expensive when
compared to the value added to the waste fuel produced. Also, a concentrated hazardous waste
is generated.

Membrane filtration
Produces high grade recycled oil, a concentrated waste oil, and waste water.

Users

Used oil has been a substitute for light gasoil for several years. It provides a lowering of
operational costs and useful a disposal route for used oil. Details of the extent of this route in
Europe are unclear but it is likely that the combined fuel oil may be sold as bunker fuel, for use
in asphalt plants and power stations. The material, after membrane filtration, is suitable for
power station ignition fuel or as a diesel extender. Concentrated waste oil, after membrane
filtration, can be used as coal spray, where contaminants are bound with silica compounds upon
burning. Table 2.17 summarises some of the uses of waste oil after a mild reprocessing.
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Sector where Comments Countries where it is
treated WOs used
is used
Road stone Reprocessed WOs are burned to dry hard stone for the Common in Belgium and
plants or manufacture of road surfacing materials. The stones are the UK. However, in

asphalt mixing
plants

dried, then sized, after which they are mixed with bitumen
and filler

Italy some environmental
authorities do not permit
this use

Dry limestone

Reprocessed WOs are burned to dry limestone. Some acid
contaminants are likely to be captured by the solid material

Blending into
fuel oil

The processed oil may be blended into fuel oil. In this case,
the maximum amount of processed used oil which may be
blended with other heavy streams is limited by specifications
on the ash content (generally about 0.1 % max.), and sulphur
content and may be subject to meeting a viscosity range
specification

Power stations

Reprocessed WO is utilised in pulverised coal power
stations, mainly as a furnace start up fuel, but it is also used
sometimes as an addition to the main fuel where heat input is
restricted. See the LCP BREF [64, EIPPCB, 2003]

Burning used
oil in space
heaters

After a separate pretreatment step where water and sediments
are removed, the cleaned waste oil (see Section 2.4.1.1) is
burned in small space heaters in garages, workshops and
greenhouses. Special standalone heaters are manufactured for
this purpose. In this type of burner the exhaust gases are not
usually scrubbed and emissions of harmful and polluting
substances to air are likely. This route is usually carried out
on a small scale (typically <10 MWy,). This use provides an
economic heating source and the used oil is disposed of at
the point of generation

Such burning is said to
account for
approximately 40 kt of
used oil in the UK per
year.

In Belgium and Denmark
it is illegal in most cases
to use it in garages,
workshops and
greenhouses (it is
necessary to have a
permit to dispose of it as
a hazardous waste)

On-board ships

Typically this involves used marine oils. The waste oil
originating from shipping and from land sources is mixed in
order to obtain better treatment and separation parameters.
The oil is used as a finished waste fuel or as cutterstock,
which means that different streams are blended in order to
meet a viscosity range specification. The combined fuel oil is
sold as bunker fuel. For the removal of the water the waste
oil is decanted, if necessary demixing can be improved by
adding emulsion breakers and/or raising the temperature. The
oil is then filtered and centrifuged. The resulting oil goes to a
storage tank and is sampled.

Some cleaned waste oils are currently used in marine motors for
electricity production

Some examples are in
Spain

Table 2.17: Use of mild reprocessed waste oil (WO) as fuel
[55, UK EA, 2001], [86, TWG, 2003]

2.5.2.4.3 Severe reprocessing

Purpose

Burning after ‘severe’ reprocessing aims to separate the combustible WO portion from the less
desirable bottoms fraction which contains the metals, the non-combustible ash, grit and dirt. The
‘severe’ reprocessing transforms the used oils into fuels which can be burned with similar
conditions to those for burning other oil fuels.

Principle of operation
Uses of flash column and (vacuum) distillation columns to produce a cleaner waste fuel suitable
to be used as fuel. Several commercial processes exists (see process description below).
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Feed and output streams
The demetallised waste oil produced (also called heavy distillate or heavy fuel oil) is burnt as a
marine diesel oil or as fuel for heating plants.

Waste OUT from the “Trailblazer’ process (see process description below)

e light hydrocarbons consisting of gasoline, kerosene, etc.

e vacuum distillates. These comprise ash-free hydrocarbons in the diesel range and meet the
fuel oil specification for several applications, including for use as a marine diesel oil

e asphalt extender. This material is the residual bottoms from the vacuum tower. The metal,
additives and degradation compounds are contained in the asphalt extender. The metal
encapsulated in the finished asphalt material shows low leachability under a variety of tests.

Waste OUT from the propane de-asphalting process (see description below)

The base oil produced is only suitable as a diesel extender because they produce unfinished lube
basestocks which are not marketable. The ‘bottoms’ produced are suitable as bitumen. This
process yields more marketable materials than regeneration by chemical treatment or by
hydrogenation. This is the reason why sometimes this process under certain operational
conditions may be seen as a re-refining process because a high percentage of base oils are
produced. More information can be found in Table 2.12.

Process description

Some chemical treatments exist (acid/clay, solvent extraction, propane extraction, etc., with no
finishing step) as do thermal treatments (‘Trailblazer’ process, ‘Vaxon’ process, etc.). A short
description of the processes currently available in the market follows:

‘Vaxon’ process
This consists of a series of vacuum cyclone evaporators, followed by a chemical treatment of
the distillates obtained. There are several stages:

e the first stage removes water, naphtha and light ends

e the second stage removes gasoil, spindle oil or light fuel oil from the bulk of waste oil

e the third and fourth stages separate different distillate cuts from the residue (in which all the
metals, additives, sediments, heavy hydrocarbons and degradation compounds are
concentrated).

The resultant distillates are then available as good quality industrial fuel. This process has been
modified to create re-refined base oils (see Table 2.12).

‘Trailblazer’ process

In this process the used oil is dehydrated in a flash tower, heat soaked and then processed by
vacuum distillation to produce three output streams. The ash-free distillate oil yield with this
process is 80 % on a dry basis.

Propane de-asphalting process (PDA)

Two types of process exist. These are called ‘single-stage’ and ‘two-stages’. More information can
be found in Table 2.12. Oil is mixed with liquid propane at a high pressure and ambient
temperature in the de-asphalting unit for the separation of the residual asphaltic fraction. The
components of waste oil that are not soluble in propane (i.e. the asphaltic fraction containing
carbon, metallic additives, resins, additives, polymers, degradation compounds and asphalt),
precipitate and can be removed via settling. The process consists of the steps shown in Table
2.18:
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Dewatering and |Pre-flash.
de-fuelling Water, light ends and fuel traces contained in the used oil are removed by atmospheric
or mild vacuum stripping; one or two columns may be used for this operation

De-asphalting |[PDA, fractionation and hydrotreating.

Asphalt is separated by extracting the recoverable fractions of the used oil with liquid

propane. Two versions exist:

1) single stage: downstream of the PDA extraction unit, the clarified oil is separated
from the propane and fed to the hydrotreating. Finally, fractionation in a vacuum
column produces the desired lubricating oil cuts

2) two-stages: the clarified oil coming from the first PDA unit is distilled and
fractionated in a vacuum column. The bottom fraction, still containing impurities, is
fed to a second PDA unit; the resulting asphaltic fraction is recycled back to the first
PDA unit. The oil fractions coming from the side cuts of the vacuum column, along
with the heavy cut clarified in the second PDA stage, are hydrogenated separately in
the hydrotreatment. The two-stage process, compared to the single stage, provides an
extended life for the hydrotreating catalyst, but has higher investment and operating

costs
Fractionation |Vacuum distillation
Finishing Clay or hydrotreatment:

after the subsequent distillation steps, the chlorine content of the distillates is lowered
by treatment with metallic sodium

Yield 74 % in dry basis for IFP process (97 % dewatering de-fueling, 80 % de-asphalting),
95 % hydrofinishing (medium pressure)
80 % in dry basis for the Snamprogetti. 5 % fuel, 9 % gasoil and 6 % residue

Common plant size

Advantages High yield and good waste fuel quality (if hydrotreated)

Drawbacks More or less expensive according to the number of stages for the PDA.
Significant amount of residues to be disposed of

Comment Single-stage: IFP was the first company to apply this technology in 1968 at Pieve
Fissiraga in Italy (Viscolube plant). One plant in Italy producing 57 kt/yr
Two-stages: Snamprogetti installed this technology in 1982 at the Ceccano plant
(Viscolube) in Italy.

Table 2.18: Information on the PDA process
[7, Monier and Labouze, 2001], [86, TWG, 2003]

Users

A ‘trailblazer’ process plant with a capacity of 150 kt/yr used oils is in operation in Louisiana,
US. Some of those processes are similar to the ones used within refineries. The waste fuels of
those processes are typically used as marine diesel oil or a fuel for heating plants.

2.5.2.4.4 Thermal cracking

Purpose and principle of operation

Thermal cracking uses heat to break down long-chain hydrocarbon molecules (e.g. the ones
found in waste oils) into shorter ones thus generating lighter liquid fuels. In this way, larger
molecules of more viscous and less valuable hydrocarbons are converted to less viscous and
more valuable liquid fuels.

Feed and output streams

Thermal cracking can accept various types of hydrocarbon feedstock: waste oils, waste marine
fuels, deep frying oils and, possibly with design considerations, waste plastics (e.g. waste oils
returned in their original container). The strategy of thermal cracking is to crack viscous large
molecules into more valuable shorter molecules ranging from demetallised heavy fuel oil to
re-refined light industrial lube oil, including gasoil products as well as other materials for other
uses. According to this, the thermal cracking can be configured to give the following set of
outputs (Table 2.19).
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Plant
configuration Outputs Yo
Off-gases 5
1 Naphtha 8
Demetallised heavy fuel oil or marine gasoil 77
Heavy residues 10
Off-gases 10
Naphtha 15
2 Gasoil (also called diesel fuels, heating oil, furnace oil) 65
Light lube oil Small fraction
Heavy residues 10
Off-gases 5
Naphtha 10
3 Gasoil 30
Re-refined light lube oil ' 45
Heavy residues 10
' Sometimes this configuration is enclosed as a re-refining process because of the high percentage of
re-refined lube oil. Some cracked materials are used as flotation oil, mould release oil or as
naphthalene absorbant in coke oven gas cleaning.

Table 2.19: An example of outputs under appropriate operating conditions
[7, Monier and Labouze, 2001], [86, TWG, 2003], [150, TWG, 2004]

If the configuration for gasoil production is desired, this is the most severe cracking mode and
thus heat input is maximised and the throughput is at the design capacity. If demetallised heavy
fuel oil or light lube oil is preferred as the primary output from the plant, the process operating
conditions can be changed to achieve this. Due to these variability facts, thermal cracking offers
a big opportunity to adapt to fluctuations in the market values of products.

Process description

The process operates at very high temperatures (thus evaporating all the water present). After
removal of the water, much of the heavy metal content is removed as a sludge or via an acid
treatment prior to the cracking step. The pretreated waste oil is thermally cracked at 420 °C at
low pressure (without a catalyst). The subsequent distillation and stabilising steps yield a
marketable fuel (gasoil). Depending on the intensity of the cracking, the material may either be
a fuel oil, a fuel suitable for blending with diesel (diesel-extender) or materials used as light
lube oil and for other uses. Several processes exist today, such as:

SOC processes
e SOCI: dewatering is followed by thermal cracking, performed in fired heater coils with

soaking drums or heated kettles. This process is suitable to small plants, in the 6 to 15 kt/yr
range but it has only a limited feed acceptance

e SOC2: dewatering is followed by thermal cracking, performed in an indirectly fired rotary
kiln. This process is suitable for large capacities and can also process more refractory oils
than thermal cracking (such as synthetic oils) and higher carbon residues (bunker fuels,
etc.).

GNP processes
This thermal cracking of waste oils, utilising ‘refinery calibre’ systems and equipment, is a

relatively recent development. The process consists of a screening and dewatering stage;
followed by a thermal cracking stage; a separation or distillation stage, depending on the output
mix desired; and finally a purification and stabilisation stage. This technology is characterised
by large operational and output flexibility and adaptability to the changing market values of
materials. It can also be manipulated to maintain output quality even with wide feed variability.
As a matter of fact, the process operational conditions (temperature, pressure, residence time,
etc.) can be varied to produce a primary output (be it heavy fuel oil, gasoil or base oil) that can
be maximised, whilst minimising the secondary output streams (consumed in the process for
calorific value or sold).
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Thermally cracked gasoil is unstable if not further processed. It can discolour rapidly and
precipitate gums and tars. A stabilisation and purification operation supplementing the thermal
cracking can produce a gasoil which is not odorous, meets regulatory and consumer colour
criteria, minimises the formation of gums and tars during storage and which is not highly acidic.
For this, several methods are available:

e the ‘Robys™ process

e several chemical stabilisation methods (clay absorption, solvent extraction)

e hydrotreatment. Except for a standalone WO thermal cracking plant, this treatment might
not be feasible due to the very high capital costs and the requirement for hydrogen gas.

The typical yield for thermal cracking is 71 %, this resulting from the partial yields in the
processes of 95 % dewatering, 90 % thermal cracking, 83 % distillation and 99.5 %
purification/stabilisation.

Users

Thermal cracking is a common mineral oil refinery process that is well known and proven. At
least two plants exist in Europe. One is a 40 kt/yr plant in Belgium and another a 20 kt/yr
facility operating in Spain. The latter one mixes all the light and heavy fractions obtained to
feed a thermal engine producing electricity. More than seven plants are in operation in the US,
with a total capacity of more than 160 kt/yr. The plant size for this technology ranges from
7 - 40 kt/yr.

2.5.2.4.5 Hydrotreatment

Hydrotreatment is a dedicated name for catalytic hydrogenation in the mineral oil industry. For
waste oils, the main purpose is essentially to remove PAHs. It also reduces the sulphur content
in the oil (this is a potentially useful characteristic if diesel and diesel extender is the intended
output).

2.5.2.5 Production of biodiesel from vegetable waste oils

Purpose
To produce biodiesel from vegetable waste oil.

Principle of operation
Involves cleaning of the waste oils.

Feed and output streams
The types of waste oils treated are collected in waste transfer facilities and from the restaurant
sector. The outputs are mainly biodiesel, which are used for transport and glycerine.

Process description
First the waste oils are filtrated and water is removed. The waste oil is then separated by
distillation to obtain the outputs.

Users
At least two plants exist in the EU (in Spain and Austria) and one is planned to be constructed in
Portugal.
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2.5.3 Preparation of gaseous fuel from waste

Purpose
To prepare a gaseous fuel from a liquid or solid waste.

Principle of operation
Two ways of producing fuels from waste exists and these are:

e gasification of the waste at high temperatures by partial oxidation and then conversion of
materials containing carbon into synthesis gas (mainly H, and CO)

e production of biogas (mainly methane) by the anaerobic digestion of waste (covered under
biological treatments in Section 2.2.1).

Feed and output streams

Used oil can be fed, alone or in combination with other feedstocks, to gasification plants for the
conversion of materials containing carbon to synthesis gas (H, and CO). This process can also use
mixed wastes that cannot be economically separated; for example, oil and plastic which may be
found together when used oil is returned in its original container.

Process description
See the Refinery and the WI BREFs.

Users

Gasification technology has been used worldwide for a long time in more than 100 plants and it
provides a well used option for the re-use of waste oil as well as other types of wastes. This option
is typically used when gas fuel has a use on site. In Greve (close to Florence in Italy), a gasifier
operates using the RDF pellets from Florence. Here, they use the gas fuel for two purposes. The
first purpose is to produce electricity in a gas boiler plant for the national grid. The second purpose
is to deliver gas to a cement kiln located close to the gasifier. The synthetic gas can also be used
for the production of methanol.

2.6 Techniques for the abatement of emissions
[126, Pretz, et al., 2003], [150, TWG, 2004]

There are many non-production techniques in use in the WT sector. In particular, techniques
used to control and abate emissions to air, water and soil are also relevant for this document.
Descriptions of many of these techniques can be found in the BREF on Waste Gas and Waste
Water in the Chemical Industry and in Chapter 4 of this document (Sections 4.6 to 4.8) as well
as in other BREFs (e.g. Waste Incineration). These techniques are not described in this section
because they are typically techniques that might be considered in the determination of BAT, and
consequently will be described and analysed in Chapter 4.
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3 CURRENT CONSUMPTION AND EMISSION LEVELS

This chapter provides data and information about current consumption and emission levels in
existing installations at the time of writing. Because it covers many types and sizes of waste
treatment installations, data is very wide-ranging. The aim of this chapter is to bring together, as
far as possible, consumption and emission levels for different waste treatment installations as a
whole and as far as possible from each specific process/activity. The data quoted should, in
most cases, enable estimates to be made of the concentration and loads of emissions from WT
sites. This will in turn help a competent authority issuing a permit to verify the information
provided by the applicant in the permit application.

The structure of this chapter is similar to that of Chapter 2, with the sections being divided into:

e Section 3.1: an overview of the emissions and consumptions from common waste treatment
processes/activities

e Sections 3.2 to 3.5: the emissions and consumptions from the different processes/activities
covered by this document. Again, such structure/classification should not be interpreted as
any attempt to interpret IPPC Directive or any EC waste legislation

e Section 3.6: the emissions and consumptions generated by the techniques used to abate
emissions

e Section 3.7: the monitoring systems typically applied in waste treatment installations.

Sections 3.1 to 3.6 follow the order laid out in Chapter 2 so as to make it easier to cross
reference between chapters. In addition, each of these sections have been structured in the same
way following the material flow logical steps, i.e. waste IN (input), consumptions (input),
emissions (output) and finally waste OUT (output). Table 3.1 explains this layout further.

Section | Title of the section Information included

3.X.1 |Waste IN Description of the type of wastes that may be treated as well as their
physico-chemical properties. This section is important because the type
of waste input is relevant for the determination of eventual emissions,
residual wastes and the composition of the waste outputs

3.X.2  |Consumptions Consumption of energy (i.e. fuel, heat, electricity) and chemicals (i.e.
water, air, additives, catalysts)
3.X.3 |Emissions This includes emissions to air and water of any component as a result of

the process operation or related to the waste input. Residues (also waste
in many cases) related to the type of process are also covered in this
section

3.X4 |Waste OUT When the outcome of a certain process is to be used as input into another
process, it is also important to know the physico-chemical properties of
the output. In some cases, this detail is not important and is then omitted
X being from 1 to 6: 1 Common techniques, 2 Biological treatments, 3 Physico-chemical treatments, 4 Regeneration
treatments, 5 Preparation of waste fuel and 6 Abatement techniques.

Table 3.1:  Structure of each section of Chapter 3

Figure 3.1 shows a diagram of the mass/energy balance of a typical operation/process/activity.
A waste input (called in this document waste IN) is treated in an installation, producing a
processed/treated output (called in this document waste OUT). To change the physico-chemical
properties of the waste IN, it is necessary to provide to the system, energy and chemicals (e.g.
water, air, acids, etc.) as required to support the particular treatment. Application/operation of
the waste treatment then generates emissions to air and water, as well as a unusable waste and
possibly a usable waste OUT. The unusable waste (e.g. waste lime, bottoms of storage tanks,
sludges) is generated by the process/operations and is different from the target waste OUT. The
reason for differentiating between the wastes is that the waste OUT may be used for different
purposes, but process generated waste/residues is typically not re-used.
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AIR
ENEE;Y‘\ EMISSIONS
A | f
WASTE ngTE
WASTE ‘ Waste Treatment OUT ) propucT
IN Process generated
residues

!

WATER
CHEMICALS EMISSIONS

Figure 3.1: Inputs and outputs in a waste treatment operation

Note: Sections 3.X.1: Analysis of the waste to be treated, brown arrow; Sections 3.X.2: Analysis of
the consumptions, orange arrows; Sections 3.X.3: Analysis of the emissions, blue arrows; Sections
3.X.4: Analysis of the waste treated, green arrow

Table 3.2 shows a summary of the main releases to the environment generated by WT activities.

Substances released
- " g
O 2 )
@ m 7] = 7]
£ & £ o z
: |2 2 S Bl £ | 2 | B
T | d| g 2|88 E| £ 2|8
Source £ | z|Zz|Z| 2| 5|S| & = | &| 0
Common activities
Acceptance (sampllng/vqh'lcle AW.L A Al A
waiting)
. Transfer A|lA|A|A|A|A| WL | WL |W|W
(pipework/pumps/valves)
Storage of solids (e.g. lime)| A,W,L
Drum storage, bulk liquid Al A Al A A W w | w
storage and treatment vessels
Transfer and storage of wastes| A,W,L Al A A AWL| W | W
Charging and mixing of] AW.L Al A A |AWL|W/| W
treatment vessels
Removal of solid residues from AW.L Al A A AWL| W | w
vessel
Biological Al A Al A W W | W
Physico-chemical
Precipitation/settlement qnd w A w w w | w
dewatering
Acid neutralisation A [AD] A AP AP AP W \\% \\%
Alkali neutralisation A A A\ A\ A\
Chromic acid neutralisation A\
Cyanide treatment A A
Stabilisation| A,W,L A Al A W | W
Waste oil treatment Al A A \\%
Notes: (1) There is a specific problem with the treatment of sulphuric acid that has been used to scrub an
amine release
(2) Conventional treatment of acidic wastes contaminated with solvents
KEY: To air (A) To water (W)  To land (L)

Table 3.2: Summary of typical releases to the environment generated by waste treatment
activities
[55, UK EA, 2001], [86, TWG, 2003], [150, TWG, 2004]
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In order to complement the information directly provided by the TWG on emissions and
consumptions of WT installations, a questionnaire was prepared and sent to TWG members (see
Annex II). This was then forwarded by TWG members to WT facilities all over Europe. As a
result more than 70 ‘filled-in’ questionnaires were returned to the EIPPCB. A compilation of the
data arising from this survey has been incorporated in this chapter and it has been referred as
[66, TWG, 2003]. The consolidated analysis of the survey does not identify names, companies
or specific figures or even identify individual comments from any specific company/site
provider. Thus, data have been used in such a way so as to maintain confidentiality of the
providers and preventing identification to any particular source.
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3.1 Emissions and consumptions from common waste

treatment processes/activities
[29, UK Environment Agency, 1996], [42, UK, 1995], [55, UK EA, 2001], [56, Babtie Group Ltd,
2002], [86, TWG, 2003], [116, Irish EPA, 2003], [150, TWG, 2004], [156, VROM, 2004], [157, UBA,
2004]

This section contains emissions and consumptions data for the pretreatments/activities and
post-treatments/activities commonly used in the WT sector. It contains those emissions and
consumptions related to the waste treatment processes described in Section 2.1. This covers
those sites that transfer, bulk and store wastes.

3.1.1 Waste IN in common treatments

The type of wastes that may be involved in these processes is very wide especially for
hazardous waste. Table 3.3 gives the percentages of sites that process a certain type of waste at
hazardous waste transfer stations in the UK. Non-hazardous waste transfer stations cover
municipal solid waste, etc.

Waste streams % of sites processing each waste
stream

Non-chlorinated solvent 67
Scrap metal 53
Scrap metal (drums) 47
Chlorinated solvent 40
General inorganic liquid/sludge 40
General organic 40
Waste for incineration 40
Contaminated waste for landfill 40
Drums/IBCs 33
Non-hazardous waste for landfill 33

Oil 33
Batteries 27
Asbestos 13
Fluorescent tubes 7

Oil filters 7
Oil/water mixtures

Acids and alkalis

Table 3.3: Common waste streams processed at hazardous waste transfer stations in the UK
[56, Babtie Group Ltd, 2002]

Some examples of waste IN for some common techniques are reported below:

Computer-controlled high rack storage areas for hazardous wastes
More than 600 different types (fluid, paste-like and solid hazardous wastes) of waste are treated.

Treatment of small quantities

This typically includes treatment, sorting and packing of hazardous wastes from private
households, universities, laboratories, business enterprises and other customers. Additionally,
the system can offer the possibility to condition inorganic material for underground disposal.

Shredding

The treatment is used for hazardous and non-hazardous waste. The wastes treated are solid and
paste-like wastes, non-pumpable wastes like print and lacquer sludge, oil and other machining
sludge.
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3.1.2 Consumptions of common treatments

Although a number of sites run entirely on electricity, some have mobile or stationary plants
that use diesel or fuel oils, or they have their own power plants that use gas (natural or biogas)
or gasoil. Some common equipment that use fossil fuels are fork-lift trucks, small boilers,
shredders and grinders. These take a mixture of standard vehicle diesel, and a range of fuel oils.
Some waste plants in the UK have quantified their fuel use as ~200 tonnes per year. The
proportion of raw materials (i.e. purchased reagents) used is relatively low as, in the first
instance, wastes are used to treat other wastes. However, some new raw materials are used, as
summarised in Table 3.4.

Raw material Application Principal environmental characteristics
Calcium Usually purchased in powder form e hazardous substance
hydroxide (lime) | for acid treatment e powder difficult to handle
o produces large sludge volumes
o for example, the treatment of sulphuric
acid results in a large net production of
calcium sulphate sludge
Sodium Abatement reagent, typically used in | e hazardous substance
hydroxide wet scrubbing systems to control acid | e very low levels of mercury may be
(caustic soda) gases or as a scrubbing liquor in oil found in some grades of caustic soda,
solution reprocessing and these may be transferred to the
installation effluent (see Section 4.1.3.5)
Ferric chloride Additive to aid precipitation of metals | e strongly coloured in the event of a
solution and as a conditioning agent for sludge spillage or incident
formation (as it helps with floc
formation)
Sodium Used in the treatment and abatement | e strong oxidising agent
hypochlorite for cyanide wastes scrubbing and e stored away from potentially
odour control incompatible substances
De-emulsifiers Used to ‘crack’ emulsified oil water ¢ high oxygen demand risk, if released to
mixtures in oil recovery processes water in the event of an accident

Table 3.4: Examples of commonly used raw materials in waste treatments
[55, UK EA, 2001], [150, TWG, 2004]

3.1.3 Emissions from common treatments

Following the same structure as followed in Section 2.1, some individual sections on common
treatments are discussed. At the end, the other common treatments not described before are
covered in a tabulated form.

Energy systems

The use of fuels is a source of air emissions during combustion, and possibly of emissions to
land as well due to spillage and leaks. The air emissions are predominantly CO, (carbon
dioxide) and water from the combustion process, but can also include NO,, SO,, PM;,, PAHs,
VOCs and CO (carbon monoxide). The emissions are related to the fuel specification and the
age and use of the equipment (e.g. vehicles, biogas engines). Other pollutants that may appear
are halogens (e.g. HCl and HF when waste is used as fuel within the installation) and metals.
The following table suggests a set of data that could be used to estimate the emissions. Data
have been collected for three types of sources:

e line sources, including roads and railways (g/km)

e area sources, including emissions from agricultural and other land, and low intensity
emissions from sources such as building heating systems

e point sources, including emissions from industrial plants.
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The type of fuel used to fire in the energy system (e.g. furnaces, boilers, afterburner) will

determine the nature of pollutants present.

Type of fuel
Distillate |  Residual fuel | Diesel
Air emissions
CO,' 3142 3112 3036 — 3142
PM 2.564
PM,,' 0.2 2.85 2.83
NO,' 3.46 7.54 33.9-48.8
N,O 0.041-1.3
CH, 0.17-0.336
NM-VOC' 0.09 0.12 7.08 — 10.898
Cco' 0.06 0.5 15.8-26.548
SO, 3.6 47.4 0.8 —10.106
SO, 19.56 x §° 2042x S°
PAH@(g) 0.15 0.151 4.07
Ni (g) Tiny 1.1
Cu (g) 1.7
Zn (g) 1
HCI 0.038
HF 0.038
Water emissions
BOD 0.038
COD 0.038
Suspended solids 0.038
TOC 0.415
Phenol 0.038
Total metals 0.038
Cl 0.038
F 0.038
Units: kg (unless specified) per tonne of fuel
! Data sourced from the UK Emission Factors Database; gasoil (other sources) and Fuel Oil (other
sources), from Australian National Pollution Inventory (converted from kg emissions per m® fuel) and
European Environment Agency
2 S s the % of sulphur in the fuel
@ as benzo (a) pyrene

Table 3.5: Summary of data for small boilers using a distillate (gas), a residual oil (fuel oils 5,6)
or diesel engines
[56, Babtie Group Ltd, 2002], [S9, Hogg, et al., 2002], [65, EEA, 2003], [150, TWG, 2004]

Storage and handling

The main air emissions from the storage and transfer of waste are VOC emissions. According to
the type of waste, dust may also be important. These comprise the major issues arising from
handling wastes at transfer and treatment sites. The principal emissions arise from transfer and
bulking activities since, in the majority of cases, any remaining residues in containers that may
contain solvents will be vented to the air. General releases of VOCs from tanks due to thermal
effects and releases from pipes and pumping systems can also occur but depend on the system
installed in the plant structure.

Most of the fugitive emissions to air are from the transport, storage and bulking of organic
wastes, primarily solvent wastes. Similar emissions are also expected from the transfer of
ammonia wastes and from strong acid wastes.
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The main emissions from decanting and bulking processes are to the air and may be related to
the following although some of the practices mentioned below may be considered bad practices.
If a practice is mentioned here, it does not mean that it occurs at the majority of sites):

e caps on the receiving containers, these may be open during the working day and give a
continuous emission, albeit through a small aperture, of volatile components. This emission
is particularly related to the displacement of saturated vapour from within the container with
each new addition of liquid
e cmissions directly from the liquids being transferred as the transfer takes place
e empty containers (drums, or bottles) which contain a measurable amount of waste materials,
which, through rinsing out, is discharged to the on-site treatment process or to the sumps for
disposal later. In some cases, these containers are placed in a skip for disposal to landfill or,
when the contents are volatile, left to evaporate to air either with or without shredding. Such
practice is actually not in accordance with the Landfill directive. Where the sites handle a
large amount of solvents, drum-crushing systems can be used to squeeze and collect
additional waste solvent from the drums
e the potential problem of leaks occurs during transfer, during displacement of the product in
the headspace above the liquid layer, and when venting the residues from the original
container. Where the material is held in storage tanks, there is an issue of outbreathing in
response to atmospheric temperature and pressure. The problem is most acute with solvent
transfers, but is also relevant to strong acids and wastes containing ammonia. Such practice
is not considered to be a good environmental practice
e the transfer of materials from tankers to storage tanks, which are therefore controlled on a
number of sites, particularly when this involves low boiling point solvent waste. The
weakest link and subsequently the main source of spillage during transfer from the vehicle
to storage arises from the transfer hoses
e although the volume lost during routine operations due to ill fitting or damaged hoses may
be relatively small, persistent spillages may have a cumulative effect on the surface of the
area, which in the long term may damage the surface and lead to a fugitive emission
e spillages may also be a source of odour
e the manual transfer of materials from small containers to 205 litre drums and IBCs.
Typically this transfer has no control on emissions and it is common practice for the empty
containers (containing perhaps 1 %, or up to 0.5 litres, of the original content) to be vented
to the air prior to landfill. Such practice is actually not in accordance with the Landfill
Directive
e with regard to monitoring and other activities on site, it is worth noting that:
= most sites have little or no monitoring data for calculating emissions to the air and some
kind of rough estimation method is needed to relate potential air emissions to the
number of tankers or containers emptied or filled at the site

= discharges to sewer or surface waters tend to have limited monitoring data as well, but
the actual discharges are minimised by operational practices at the sites, such as
bunding

= transfer stations also undertake a range of other practices that can create emissions.
These include the evaporation of solvents to the air from tank cleaning, from industrial
wipes and from solvent sludges.
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The range of emissions is very large and dependent on the type of activity (e.g. differences are
particularly notable between physico-chemical treatment plants and oil re-processing plants).
Each transfer of waste, and processing of the original container can generate liquid and vapour
emissions. Some emissions generated by this activity are:

tank bottoms from storage tanks

air emissions generated by bulking in tanks loading and in unloading tankers due to
displacement to the air (note: some transfer stations have very well equipped systems for
balancing tanker emissions and controlling the discharges from tanks)

evaporation emissions during decanting (e.g. VOCs) and bulking, also evaporation from
wastes left in containers

general spillages during decanting and handling. Spillages are typically retained in the
bunded area or discharged to the interceptor

air emissions generated by wiping cloths impregnated with solvents. In some installations,
these are collected in sealed bin liners and then laid out to dry by evaporation to dryness
prior to landfill. This is considered a bad environmental practice

VOCs from the venting of empty drums being washed out (washings to underground
storage tanks prior to landfill) and, from the evaporation of blanket wash solvents washed to
the underground tanks

emissions caused by bulking laboratory smalls. Emissions only typically occur in the event
of spillages and are recorded in site diaries. General discussions at sites suggest that the
number of substandard containers and badly labelled containers in this category are now
minimal and that spillage and emissions due to poor containers is in fact rare

accidental breakage of waste containers

from storage tanks in the open, on hard-standing and bunded areas, and for which although
the connections are over the bunded area, there is no system to deal with leaks from the
collection/delivery systems and so the whole bunded area can become very contaminated.
Rainwater in the bunded area will also become contaminated. On some sites, there is no
provision to control displacement of air in the tanks during loading and unloading; others
have very good control systems for both tanks and tankers. Air emissions are less well
controlled. Tanks tend to have valve systems to regulate tank pressure and to allow
inbreathing/outbreathing of headspace vapours. Emissions to the air can occur during tank
charging or due to changes in atmospheric conditions. Small emissions will also occur
during sampling and inspections. There is a potential for one-off larger emissions during
tank cleaning

non-evaporated liquids and solids, which may end up being landfilled or drained to sewer.
This is considered a bad environmental practice

fugitive air emissions from transfer operations between processes, especially with non-
pumped systems. Also leaks from containers and from pressure/vacuum relief valves
solid/liquid and gaseous emissions due to a possible container break in handling (accidental
damage), depending on the waste material. Because the accident is reported in the site diary,
the emissions can be estimated when the material is known

in the case of the storage of waste oils, releases to the air come from condenser vents on hot
oil storage tanks. On the storage tank, vents measurements for hydrocarbons are taken using
Draeger tubes and typical values may be 10 to 20 mg/Nm® and peaking at 100 mg/Nm’
investigations into the microbiological pollution of waste sorting plants revealed mould
fungi concentrations in the air at the workplace of up to more than 106 cfu/m’ (colony-
forming units).
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Complementary to the information above, next Table 3.6 shows potential emissions from
transfer stations, bulking processes and storage.

Activity Description of release ' | Release type Release
to
Filling of bulk storage tanks or IBCs by Displaced air VOCs Air
road tankers Losses from transfers VOCs Air
Liquids Soil
Liquids Water
Storage in bulk tanks Vented material VOCs Air
Tank bottoms Waste
Releases from pipes and pumping systems | All losses VOCs Air
Liquids Water
Liquids Soil
Gravity and vacuum emptying of drums, Displaced air VOCs Air
IBCs and other containers to bulk tanks Losses from transfers VOCs Air
Liquids Soil
Liquids Water
Storage and handling of empty IBCs Washing Liquids Water
Storage VOCs Air
Disposal Liquids/solids | Landfill
Storage and handling of empty drums and Crushing VOCs Air
other similar containers Liquids/solids | Water
Liquids/solids | Soil
Washing Liquids/solids | Water
Disposal Liquids/solids | Landfill
Storage VOCs Air
Maintenance of equipment Tank cleaning/washing Liquid/solid Soil
Liquid/solid Water
VOCs Air
Planned evaporation of volatile liquids Evaporation VOCs Air
" The wide range of possible emissions to air and sewer/controlled waters has to be estimated in relation to the
range of activities and wastes handled at a particular site.

Table 3.6:  Potential emissions from transfer stations, bulking processes and storage
[56, Babtie Group Ltd, 2002], [86, TWG, 2003]
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Emissions from some other common waste treatments
Table 3.7 summarises the most frequent activities/equipment found in common waste treatment
processes and the emissions that may be generated.

Process/activity

Compounds found in WT processes that may lead to emissions

Alr stripping columns

May cause a discharge of ammonia into the air which can be calculated
by mass balance

Cleaning wastes or aqueous organic
wastes from the chemical industry

These can contain a range of volatile compounds, chlorinated
compounds and phenolic compounds.

The solid and muddy residues produced during cleaning are disposed
of as waste. If necessary, the waste is conditioned according to the
acceptance criteria of the waste disposal facility

Crushing of oil filters

Waste contained in oil filters are particulate matter containing
combustion products, including high PAHs/metal fragments, etc. ‘stuck’
together with oil.

The solids from these operations tend to go into the oil water separation
system for treatment plants, and leave with the bottom sludge.

PAHs escape into the air with the oil mist produced during crushing or
may be retained in the oil, or remain on the solids components of the
filter. The PAH emissions to the air are potentially carcinogenic

Cutting

During drum cutting operations, the former contents of the drum and
any residues that may be still present can be a cause of emissions

Washing of containers and vehicles

Fugitive emissions occur to air and water. Typically, a contaminated
effluent is generated as well

Crushing and shredding

Regardless of the technique employed, there is typically no provision
for environmental control and the emissions depend on the composition
of the waste held within the drum.

In the shredding process, the temperature of the shredded items may
reach several hundred degrees. Shredding will cause emissions to the
air, depending on the efficiency of the scrubber or other kind of air
cleaning equipment. Fluids still present in the waste (e.g. solvents,
mercury) may be released to the interior of the plant and may either
evaporate or leak to the ground or may be collected as sludge. Dust
from the plant will be spread to the surroundings. Other outlets from a
shredding plant include a magnetic metal fraction, non-magnetic metal
fractions, sludge from the washing process, and a fluff fraction which is
a mixture of plastics, insulation materials, paper, soil, etc.

The fluff fraction may be disposed of for incineration but sometimes is
landfilled (not considered a good practice). A quite significant amount
of heavy metals follows the fluff fraction. In the middle of the nineties
Danish shredder plants shredded about 300000 tonnes waste. The fluff
from the operation was estimated to contain about 0.15 tonne mercury,
200 — 1000 tonnes lead, and 0.5 - 2.5 tonnes of cadmium. The emission
of mercury to air from the operations was estimated at <0.05 tonne
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Process/activity

Compounds found in WT processes that may lead to emissions

Drum and road tanker cleaning

Cleaning operations which specialise in cleaning drums that previously
contained solvent and oil wastes may release large percentages of
waste to the air since the solvent wastes are flushed to the air
occasionally and in certain locations, during the cleaning process. This
appears to be a similar issue to the evaporation of solvents to the air
during decanting at certain transfer stations.

The presence of any former content or any residue in drums may cause
emissions during cleaning/washing operations.

At some sites, unwashed drums might go directly to landfill along with
the associated residues.

A site processing drums contaminated with oil and organic materials
estimated a 40 t/yr solvent discharge to the air. Part of this emission is
due to the standard transfer station practice of venting ‘empty’ drums to
the air.

A site recycling drums from the inorganic sector had a high metals
level in the discharge to sewer, but was able to calculate the discharge
from regular analyses.

Most treatment plants incorporate a washing out facility to enable the
removal of residues from vehicle tanker barrels. In some cases, vapours
may become trapped within the sludges and appropriate actions need to
be taken to avoid any uncontrolled releases

Table 3.7:  Activities/equipment that may lead to emissions from some common waste treatments
[55, UK EA, 2001], [S6, Babtie Group Ltd, 2002], [86, TWG, 2003], [113, COWI A/S, 2002], [116,

Irish EPA, 2003], [121, Schmidt and Institute for environmental and waste management, 2002]

Shredding

Table 3.8:  Exhaust air from shredding treatment of solid hazardous waste

[157, UBA, 2004]

Emissions occurring due to accidents

Parameter Concentration Unit
Dust 0.1 mg/Nm’
SO, <0.06 mg/Nm’
NO, 8 mg/Nm’
TOC 5 mg/Nm’

CO 4 mg/Nm’

HCI 13.8 mg/Nm’
PCDD/PCDF 0.001 ngTEQ/Nm’
Odour 85 GE/m’

Cl <0.1 mg/Nm’

The flows of the exhaust air are 8028000 and 5628000 m*/yr for
the can shredder and the bin shredder respectively.

The most significant environmental risks associated with waste treatment operations are the
storage of hazardous wastes. This can involve emissions resulting from wastes reacting

together, either from leaks and spillages or from treatment processes going out of control.
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Procedure Hazard Hazardous event Cause/possible initiating event
Sampling/ Toxic vapours Chemical spray Container under pressure
analysis Blow-out Transfer from sampling vessel and
Chemical spillage withdrawal of sample (barrel-sampler)
Waste not as expected
Fire Flammable Flammable vapour at point of sampling
materials ignite
General Toxic gases Incompatible Inadequate/incorrect information on wastes
handling/ wastes mixed
treatment Waste spillage Operator not working according to safe
practices
No safe operating procedures established
Inadequate facility engineering
Inadequate supervision
Accidental discharge
Drum Direct chemical | Blow-out Contents under pressure
handling/ contact
storage Toxic gases Spillages Contents spilt during emptying/decanting
Dusts Corroding/leaking drum
Manual removal of contents
Reaction Mixing of Spillages/corroded drums Bulking up
Toxic gases incompatible drums
wastes Wastes not conforming to labelling
Wastes not adequately analysed
Fire/ Flammable Unexpected flammable materials present
explosion materials ignited Spark in taking lid off/flammable
headspace
Use of cutting tools to open drum
Fire produces toxic degradation products
Unloading Toxic gases Release as Incompatible/reactive wastes mixed
tankers liquid/gas spray together
Container under pressure/blow-out
Unloading into wrong storage vessel
Waste materials received ‘hot’ due to
viscosity — solidification/thickening
difficulties
Gross failure of tanker
Vehicle impact
Spillage on coupling/uncoupling, failure
of coupling
Fire/ Flammable/ Flammable atmosphere in ‘empty tanker’
explosion explosive mixture
ignited
Waste storage | Fire/ Flammable liquid | Flammable vapour vented-off
tank farm explosion or vapours ignite Vapour release from spills
Pipeline failure
Flammable vapour in tank headspace
Reaction Incompatible Wastes react in storage vessels pipeline or
wastes mixed conveyor failure
Toxic gases Non-compatible or | Inadequate information on waste
reactive waste Waste does not conform to process
mixed in store or specification
reagent spillage
Significant levels Inadequate venting of tanks, etc.
of toxic Poor materials handling practices
gases/fumes
evolved
Physico- Toxic gases Uncontrolled Failure of protective systems
chemical release during Incompatible waste mixed
treatment reaction Wrong reagent added
Too much/too little of reagents added
Failure of pH control
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Procedure Hazard Hazardous event Cause/possible initiating event
Effluent Toxic gases Mixing Reaction not complete
dewatering incompatible Residual contamination in effluents
from physico- effluents
chemical
treatment
Biological Fire Biological degradation processes may cause
treatment self heating and auto-ignition. This does not

only affects the biological treatment system.
Auto-ignition may also occur in the bunker.
In some cases fires can appear in the product
storage area.

A second reason for fires in solid waste fuel
processing plants are particles that are still
glowing.

Table 3.9: Example of most frequent accidents that may occur in WT installations
[80, Petts and Eduljee, 1994], [126, Pretz, et al., 2003], [150, TWG, 2004]

Generic air emissions from common waste treatments

VOC

There are no real data available at present on VOC emissions. The vast majority of sites that
undertake air monitoring, undertake it on an irregular basis and are unlikely to take a sample at
the times of maximum discharge. Air emissions are particularly difficult to monitor from these
sites as operations are generally in the open air and gases are not always controlled. VOC
emissions at a site may be due to:

e a deliberate process activity at some sites carried out in order to reduce the flammability of
wastes going to landfill. The quantities may be very small per unit of waste, but the
operation takes place across a large number of sites and the accumulated effect may be very
large. This practice is not common in the sector and is considered a bad practice so is now
obsolete

e the agitation or heating of mixed materials left to settle in contact with the atmosphere. Oil
treatment tanks are one obvious example, but chemical treatment tanks or sludge mixing
tanks are also sources

e cmissions of semi-volatile PAHs from crushing and sieving operations, particularly from
the handling of oil filters at transfer stations

e the transfer of liquids to bulking containers, with a subsequent displacement of the product
headspace above the liquid layer

e the venting of residues from original storage containers; and also from storage tanks
outbreathing in response to atmospheric temperature changes.

There are example plants in the WT sector with no controls on discharges of volatile
compounds into the air, indeed few processes have ever been designed to discharge pollutants to
the air.

Acid emissions
The most serious air emissions are likely to arise from solvent transfer and storage activities, but
they can also arise from chemicals such as strong acids and ammonia.
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Ammonia emissions

Ammonia is detected in some WT sites. There is a general problem with ammonia emissions.
However, this is usually easy to spot on site visits and by operators due to the low threshold
concentration for odour detection, although it is harder to quantify. Locations where ammonia
emissions have been detected are:

in solvent transfer and storage

in the pressing and storage of effluent sludge at several chemical treatment plants. This is an
area that is rarely within the exhaust systems for the site and therefore emissions do not pass
through the plant scrubbers. Furthermore, the scrubbing systems are usually caustic
scrubbers

from strong ammoniacal solutions directly to the air after an air stripping at one site,
although the site monitoring (only annual monitoring carried out) says that background
atmospheric levels are minimal

effluent treatment plants

acid treatment of waste oils

wastes from the photographic industry are an example of a waste stream with a high
concentration of ammonium salts and, although discharges to the air are not identified, this
is a potential problem during transfer processes, giving rise to air emissions and potential
contamination of water discharges.

Fugitive and diffuse emissions

In many installations, fugitive and diffuse emissions may be more significant than point source
or channelled emissions. Common examples of the sources are:

open vessels (for example, the effluent treatment plant)
sampling activities

storage areas (for example, bays, stockpiles, lagoons, etc.)

the loading and unloading of containers

transferring/bulking up of material from one vessel to another
conveyor systems

pipework and ductwork systems (for example, pumps, valves, flanges, catchpots, drains,
inspection hatches, etc.)

poor building containment and extraction

potential bypass of abatement equipment (to air or water)
spillages

accidental loss of containment from failed plant and equipment
tankers and vessels, manhole openings and other access points
displaced vapours in receiving tanks

cleaning or replacing of filters

drum cutting

waste water storage

drum storage

tank cleaning

tanker washing/cleaning.

Particulate emissions

Sites handling powders and wastes giving rise to dusts (e.g. fly ashes) often have particulates to
emit to the air.

Noise and vibration

‘Noise’ refers to ‘noise and/or vibration’ typically detectable beyond the site boundary.
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Odour emissions

Emissions to air tend only to be checked subjectively by using the sense of smell. Odour
emissions are associated with point sources as well as fugitive sources. In addition to ammonia
previously discussed, the handling of any substance that is or may contain a VOC (or other
odorous substances, for example, mercaptans or other compounds containing sulphur) will
potentially lead to odour noticeable in and beyond the installation boundary. Odours may arise
from:

e storage

e the transfer or bulking up of wastes containing VOCs or other odorous substances

e a failure to adequately inspect and maintain plant and equipment, which may lead to
fugitive emissions, e.g. leaks from pumps.

Generic water emissions from common waste treatments

A distinction can be made between installations conducting ‘dry’ or solid phase operations, e.g.
transfer or stabilisation, which do not produce a distinct liquid effluent; and those conducting
liquid phase treatment, e.g. acid neutralisation and oil water separation.

‘Dry’ processes typically only produce effluents from activities such as from rainwater
collection and incidents such as spills and leakages. In general terms, the strength of this
effluent in terms of metals and COD levels will be relatively low. ‘Wet’ processes, in addition
to the general effluent arising from yard drainage, etc., produce an effluent from the reaction,
precipitation, settlement and dewatering processes.

Waste water may be generated in the installations due to:

unplanned discharges to drain (e.g. emergency control, fire)
spillage from storage

discharge to storm drain

discharge of bund and secondary containment contents

process waste water (each case is covered from Section 3.2 to 3.5).

Many transfer stations are associated with adjacent treatment plants and all run-off goes into
that treatment system where is treated. Others collect the run-off and tanker this to landfill.
Again there is no discharge to receiving waters or sewer. The remainder of the installations
discharge either to surface water (unusual option) or to sewer. In the vast majority of EU
countries, it is not permitted to make direct discharges to sewer or to controlled waters. A
security storage is then needed in order to control or treat the water before discharge. Some
typical emissions are summarised in Table 3.10:

Emission to Unit process or activity

Sewer Physico-chemical treatment. Final effluent from acid/alkali
neutralisation and the precipitation of metals

Oil reprocessing. Effluent treatment to remove oil from
condensate and yard drainage

Cleaning

Watercourse | Rainwater collection

Yard drainage

Table 3.10: Point source emissions to water
[55, UK EA, 2001]
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In principle, there will always be small quantities of every material decanted at the site
discharged to sewer, due to drips and splashes even if there are no spills recorded. The most
common materials to be bulked at transfer stations are dilute acids (often from metal treatment),
caustic solutions, oils, non-halogenated solvents and aqueous organic wastes. The discharge is
almost certain to contain organic carbons, nitrogen compounds (total nitrogen), chloride, some
metals and, when bulking non-halogenated solvents, xylene. Discharges to sewer may reach
COD levels of several thousand milligrams per litre. The nature of the discharge depends on the
wastes being handled at the installation, which invariably involves a wide variety of substances,
thereby resulting in a complex effluent.

Emissions to water also occur from washing containers and tanks if this occurs in the WT plant.
Liquid discharges may arise from the washing and processing of containers prior to their re-
processing, or from the washing of road tankers. One approach of estimating these emissions is
to assume that the residual material in each type of container after emptying is 0.5 % of the
volume, and that all of this material is washed to sewer. In general, volatile residues from
containers of solvent waste are evaporated directly to the air rather than being washed to sewer.

General leaks and spills can occur in waste transfer stations. Most sites are on hard standing and
liquid and solid spills are eventually washed away to the main interceptors and then to sewer or
to an adjacent treatment plant.

Generic releases to soil and process generated waste from common techniques

Most sites will have a continuous, but small, discharge of waste to the site base-ground due to
drips, splashes, crushing residues, pipe connections, oil leaks, etc. and these may be washed to
the surface water collection points by rainwater and site cleaning. Tank bottoms are another
typical waste when storing waste.

Example of inventory of emissions from a waste transfer station

Operation Emissions to air (kg/yr) Emissions to sewer (kg/yr)
Repacking and labelling | 0 0
of laboratory chemicals
Breakage/leaks during VOC as TRI 20.3 Small amounts of oil, but these will
loading and storage be picked up in weekly monitoring
data and not doubly counted here
Decanting into IBCs Dichloromethane 360 All solvent species
Ethanal 48 Total nitrogen
Trichloroethylene 60 Total phosphorus
VOC as TRI 60 Chloride
VOC 1320 TOC
Xylene 360 Metals
Transfer from IBCs to ethanal 76 Xylene
solvent storage tanks VOCs 1330 TOC
xylene 570
Fuel use for fork lifts CO 79 TOC
(Use of 5 tonnes of CO, 15710
diesel per year) NM-VOC 354
NO, 244
PM; 14.15
SO, 4
Sewer discharges 0 TOC 5980
NH;-N 14
Cu 0.5
Ni 0.5
Zn 0.5
Oil 150
Xylene, toluene, TRI,
trichloroethylene, CI, P trace
discharges
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Operation Emissions to air (kg/yr) Emissions to sewer (kg/yr)

Totals CcO 79 TOC 5980
CO, 15710 NH;-N 14
Dichloromethane 360 (assumed cannot reach limit for
Ethanal 124 nitrogen)
NO, 244 Cu 0.5
PM,o 14.15 Ni 0.5
SO, 4 Zn 0.5
TRI 80.3 Oil 150
Trichloroethylene 60 Xylene, toluene, TRI,
vVOoC 2706 trichloroethylene, CI, P
Xylene 930

Overview of the installation

The above data correspond to a hazardous waste transfer station fitted with an impermeable base. It has bulking

areas with blind sumps and a roof. The solvent storage tanks are in a separately bunded area with activated carbon

filters on vents. Thermal out-breathings and head space displacement losses due to charging the storage tanks, are

scrubbed prior to be discharged into the air. Loading, unloading and drum storage areas of the site are in the open

and drain to the interceptor, hence to the sewer. There is a continual monitoring of pH and flowrate, and a weekly

monitoring of COD, metals, oil, ammoniacal nitrogen and suspended solids on the sewer discharge. Packaging

materials and old contaminated containers are sent to landfill.

The site handles a very wide range of materials, but mainly the following streams:

e halogenated solvents comprising on average 80 % solvent; 20 % solids. Of the solvent fraction, 10 % is
trichloroethylene; 10 % 1,1,1 trichloroethane; and 60 % dichloromethane

e non-halogenated solvents, on average 70 % solvent, 30 % solids and water, with the solvents comprising 10 %
toluene; 30 % xylenes; 10 % acetone, 20 % others, mainly MEK, ethanol, ethanal, methanol and aliphatic C;,-
Cy, hydrocarbons

e the other major waste streams are dilute hydrochloric acid and zinc, sulphuric acid and phosphoric acid from
metal processing, soluble oils, dilute caustic soda, dilute ammonia solutions from photographic processes,
aqueous paint residues, aqueous adhesive residues and ethylene glycol. All of these are bulked prior to onward
transfer or storage.

Waste OUT produced is 120 tonnes of waste fuel and 60 tonnes of halogenated materials per year. The installation

handles 120 tonnes of waste from IBCs filled at the site and a further 260 tonnes of waste that arrives in IBCs.

Table 3.11: Example of total estimated emissions from a waste transfer facility
[56, Babtie Group Ltd, 2002], [86, TWG, 2003]

Emissions from specific waste treatments

Specific waste Air Water Waste
treatments
In some cases, propellants A mass balance suggests Liquids from the
are discharged to the air via | that emissions to water crushing process are
the exhaust fan could be as much as collected and sprayed
250 t/yr, but there is onto the adjacent landfill
Aerosol destructor insufficient detail on the
- crusher tonnage of liquid waste

produced at present to
make an accurate
calculation

The active ingredients and carrier solvents can include materials such as paint
thinners, alcohols, and possibly some pesticides

CFC recovery The oil waste will contain Discharges can be CFC refrigerants are

treatments some CFCs that evaporate estimated recovered for re-use and
in the air. A small generate a small stream
additional discharge will of oil, that is sent for
occur during routine further treatment.
sampling A tiny amount of used

dessicant (contaminated
with oil) goes to landfill

each year
Delivery storage VOCs, acids or ammonia
and transfer of wastes
materials
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Specific waste
treatments

Air Water

Waste

Glass crushing

There are large problems
with particles, despite the
presence of extractor fans,
with dust settling on
equipment, the plant and on
the finished product.
Abatement equipment is
not fitted

PCB cleaning

A monitoring programme typically covers PCB discharges to the air, to surface
waters and to the land in the vicinity of the installation.
The trichloroethylene (TCE) is distilled on site for re-use, and the residual sludge is

sent for incineration.

Cleaning of
transformers
containing PCBs

Decontamination of PCB transformers is never completely applied to all components,
and this means that a residue remains which must be incinerated. In the best case this
will be just the porous parts (wood and paper), unless the solvent technique is applied
for long process times, and a product will finally be obtained which can be sent for
land-filling if the residual PCB levels are legally acceptable.

There is potential for fugitive emissions of PCB via the formation of aerosols.

Table 3.12: Emissions from specific waste treatment processes
[55, UK EA, 2001], [56, Babtie Group Ltd, 2002], [86, TWG, 2003], [100, UNEP, 2000], [150, TWG,

2004]

3.1.4 Waste OUT from common waste treatments

Depending on the type of operation of the treatment technique, the physical and/or chemical
properties of wastes may change when common techniques are applied. However, it is found
that some common techniques (e.g. storage, acceptance, reception) do not change the chemical
or the physical properties of the waste IN. On the other hand, others such as, for example,
blending, mixing, crushing, shredding, change the properties of the waste IN.
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3.2 Emissions and consumptions from biological treatments
[33, ETSU, 1998], [51, Inertec, et al., 2002], [54, Vrancken, et al., 2001], [55, UK EA, 2001], [56,
Babtie Group Ltd, 2002], [59, Hogg, et al., 2002], [66, TWG, 2003], [76, EEA, 2003], [81, VDI and
Dechema, 2002], [86, TWG, 2003], [113, COWI A/S, 2002], [138, Lanfranchi, 2003], [150, TWG,
2004]

This section discusses the emissions and consumptions of the biological treatments mentioned
in Section 2.2. Each section of this Section 3.2 is structured in the same way as Section 2.2,
namely the treatments follow the order of: emissions and consumptions of anaerobic digestion,
mechanical biological treatments and lastly biological treatments applied to contaminated soil.
Emissions associated with an ancillary treatment, e.g. transfer station operation, are covered in
Section 3.1.

3.2.1 Waste IN in biological treatments

Generally successful biotreatment only occurs when the waste is non-toxic (although
micro-organisms can acclimatise to some extent and to certain wastes), within the relatively
narrow pH range of pH 4 — 8, and with a C:N:P ratio of around 100:5:1. Biological treatment is,
if well prepared, able to be adapted to a great variety of organic compounds which can be found
in wastes or contaminated ground.

Anaerobic digestion

Anaerobic digestion may be used to treat liquid or solid wastes directly (e.g. MSW), or to treat
the biological sludge generated by an earlier aerobic stage. There are a number of possible
feedstocks which can be used in anaerobic digestion. These include the following: source
separated food waste, sludge (e.g. sewage sludge from municipal waste water treatment),
agro-industrial by-products, manure, slurries, some fractions of the MSW, and yard waste.

Anaerobic digestion (AD) is better suited to waste with a higher moisture content than aerobic
digestion. The process of AD can occur between 60 and 99 % moisture content. Moisture
content is also important. A low value increases both the ammonium inhibition of the AD
process and the salt toxicity. Therefore, kitchen waste and other putrescible wastes, which by
themselves may be too wet and lacking in structure for aerobic digestion, can provide an
excellent feedstock for AD. Liquids are often added to the AD processes (either water or
recycled effluent) to maintain a high moisture content.

The characteristics of the feedstock have very important effects on the AD process. A high
quality feedstock will increase the quality of the digestate. High heavy metal concentrations in
the feedstock can be toxic to methanogenic bacteria, in the following order (of increasing
severity): iron<cadmium<zinc<chromium<lead<copper<nickel. The volatile solids content will
affect the extent to which the process needs to be monitored to avoid the damaging effect of
overloading.

The type of waste accepted in this type of treatment is, principally, source separated
biodegradable waste, since matter and nutrients are to be recovered with minimal
contamination, composting of residual waste or separated fractions thereof is becoming
increasingly uncommon. Therefore, the types of waste typically used are the wet organic
fractions from kitchen waste and from hotels and restaurants. Garden and park waste and paper
and board are not usually processed. Some waste fractions excluded are metals, plastic, glass,
animal waste, which is undesirable at plants without hygienisation due to the degradation of
lignin which requires post-digestion composting.
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There are two main alternatives for waste separation. The choice between them has an important
bearing on the anaerobic digestion feedstock quality:

source separation (not covered under the scope of this document) — this is actively encouraged
in a number of Member States. It includes separation of the putrescible organic fraction
(biowaste). It is generally accepted that source separation provides the best quality feedstock
for both AD and composting, offering both a maximum organic content and a minimum
contamination with heavy metals, glass and plastics. After digestion of this source separated
waste in a reliable process, the end result will be the formation of a quality digestate and a
high volume of biogas

centralised separation — this is is the only route for obtaining a digestible fraction from
residual waste. The techniques involved include mechanical processing, optical processing
and hand-picking. The digestible fraction obtained tends to be more contaminated than source
separated biowaste, with inevitable consequences for the digestate’s ultimate utilisation (there
is some evidence that where pulping is used as a pre-process sorting phase, liquid separation
can lead to the removal of some more hazardous elements). There is also the risk of larger
non-separated components of the waste being carried over and then causing physical damage
to treatment plants further downstream (by abrasion, blockages or tangling).

Mechanical biological treatments

The types of waste that may be accepted by this treatment are non-source separated municipal
waste, sludge (e.g. sewage sludge from municipal waste water treatment plants) and commercial
solid waste. Technically speaking, there is no restriction in also treating a wet organic fraction
(e.g. kitchen wastes), garden and park waste, organic waste from hotels and restaurants or paper
and board. However typically these last types of waste are not usually treated by these
treatments.

The moisture content of intake waste is extremely variable, but it would be expected that green
wastes and household wastes have a moisture content of at least 40 — 50 %.

Biological treatments applied to contaminated soil

Table 3.13: Desired inlet feed characteristics for slurry biodegradation processes for soil

decontamination

[30, EKlund, et al., 1997]

Characteristic

Desired range

Organic content

0.025 - 25 w/w-%

Solid content

10 — 40 w/w-%

Water content

60 — 90 w/w-%

Solids particle size

<0.635 cm. diameter

Feed temperature

15-35°C

Feed pH

4.5-8.38
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The effectiveness of slurry biodegradation for certain general contaminant groups is shown in
Table 3.14.

Contaminant Applicability
Organic contaminants:

Halogenated semivolatiles
Non-halogenated semivolatiles
Pesticides
Halogenated volatiles
Non-halogenated volatiles
Organic cyanides
PCBs
Dioxins/furans
Organic corrosives

Inorganic contaminants:
Inorganic cyanides
Asbestos
Inorganic corrosives
Non-volatile metals
Radioactive materials
Volatile metals

o|lo|—|—|—|—|NN N

(=) fel fll far) Kl Eo

Reactive contaminants:

()

Oxidisers
Reducers 0

KEY:

0 = No expected effectiveness - expert opinion is that the technology will not work

1 = Potential effectiveness - expert opinion is that the technology will work

2 = Demonstrated effectiveness - successful treatability test at some scale has been completed

Table 3.14: Applicability of slurry biodegradation for treatment of contaminants in soil,
sediments, and sludges
[30, EKlund, et al., 1997]

3.2.2 Consumptions of biological treatments

Anaerobic digestion
The consumptions of a mechanical-biological treatment (MBT) containing separation and
anaerobic digestion are typically: water, auxiliary materials and energy:

Water
The total water consumption for treatment of 1 tonne of waste is 78 litres. This treatment uses
either tap or groundwater. Water is consumed in the following process steps:

e steam production: 22 litres per tonne waste
e production of polymer solution: 56 litres per tonne waste.

Auxiliary materials
The following products (delivered by truck) are used as auxiliary materials:

e anionic polymeric flocculants (polyacrylamide powder): 60 grams per tonne waste
e iron chloride solution (40 w/w-%): 3 kilograms per tonne waste
e anti-foaming products (polyalkylene glycol solution in water): 50 grams per tonne waste.
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Energy
The only energy source which is used during the normal operation of the installation, is

electricity, which could be generated on-site, and heat, which may be needed for possible drying
processes and for heating the buildings. The electricity use per tonne of waste is 55 kWh,. This
electricity could be generated at the installation itself by the combustion of biogas in a biogas
engine (efficiency: 35 %). The biogas consumption for electricity production is 29.1 Nm? biogas
containing 55 vol-% CHy (i.e. 37 kg). The electricity production and the energy use is given in
the Table 3.15.

Energy type kWh per tonne MSW Source
Electricity input 50-55 Own production (biogas engine)

Table 3.15: Electricity consumption and production
[54, Vrancken, et al., 2001], [S9, Hogg, et al., 2002], [66, TWG, 2003]

Up to one third of the biogas produced is needed to heat the digester itself, since the process
requires warm conditions.

Estimates concerning the utilisation of electricity by the plant vary a great deal. In rural AD
plants, approximately 20 % of the electricity produced in the process is required for the plant

operation, while urban plants may utilise 2/3 of the electricity produced.

Mechanical biological treatments

MBT technique Aeration rate (Nm?® air/(m? of waste.h)
Tunnel: 40 — 60
Moving heap
pre-degradation 5-10
after degradation 1-5
Heap 10

Table 3.16: Aeration rates
[132, UBA, 2003]

In quasi-dynamic biological systems the major part of organic waste contents is degraded within
the first four weeks of biological degradation. During this period, the highest aeration rates are
needed and up to 60 or 70 % of the total heap air supply is consumed. In the case of process
interruptions in the pre-biological degradation, biological degradation is deferred towards the
later biological degradation phases/aeration fields. The same holds for static processes without
turnover. In the case of upstream fermentation, the intensive degradation of the easily
degradable organic components occurs in the closed fermenter. Thus the exhaust gas quantities
from the after-degradation are strongly reduced compared to fully aerobic degradation
processes.

Energy
Aerobic process Electricity Diesel oil
(kWh/t) (kJ/kg)
Enclosed aerobic digestion 2765 5
Windrows 0 15
Range' 4727 5-132°

"'Range contains different types of installations with more or less sophisticated gas
treatments and without gas treatments

% Higher end of the range typically corresponds to process with advanced purification
of exhaust gases

3 Higher diesel consumptions are associated with a lower electricity consumptions

Table 3.17: Specific energy consumptions of aerobic digestion processes
[59, Hogg, et al., 2002], [66, TWG, 2003], [150, TWG, 2004]
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Water

MBT plants sometimes add water to the windrows, as moisture is lost during the aerobic
digestion, which could otherwise lead to a shortage of water and halt the aerobic digestion
process. This typically occurs during summer and winter months.

In some cases, there is no net water consumption in the process. In the drying process, water is
produced (350 litres -in vapour form- per tonne waste). During the aerobic digestion,
temperatures of 50 — 60 °C are reached. Thus, water lost from the feedstock becomes water
vapour (about 90 %) and is typically released to the air. However, in some cases, some of this
water is condensed. The treatment of this condensation water is quite complex.The purified
waste water (permeate) is used as process water in the cooling circuit. It is evaporated in the
cooling tower. Tap water is only used in the cooling tower as make-up water (10 litres per tonne
of waste). However, other sources reported that the water consumption range from
260 - 470 litres per tonne of waste treated.

Auxiliary products
As reported, no auxiliary materials are used in the process, except for the plastic foil used to
bale the waste solid fuel.

Biological treatment of contaminated soils

Most often, organic pollutants are used as a source of carbon and energy by micro-organisms.
Also, the concentration of nutrients like nitrogen and phosphorus must be adjusted to support
microbial growth. Usually, an ammonium salt like NH,Cl is used for nitrogen addition and
phosphorus as phosphate salt. However, micro-organism growth needs lots of elements like
vitamins and some metals (Fe, Mg, Cu, etc.). These elements can be naturally present in soil but
improvement can be sometimes necessary. C/N/P ratios are sometimes used to determine the
total quantity of nutrient necessary. In fact, a regular control of nutrient concentration in soil
must be achieved. Polluted soil is sometimes mixed with compost to optimise biological
treatment. Compost addition is most often included between 10 and 30 % and never exceeds
40 %. Water is sometimes also used in order to increase the moisture content in the soil.

Oxygen and nutrients (N and P) are added to the contaminated soil to biostimulate the
biodegradation. Increasing the micro-organisms flora with specific organisms (e.g. bacteria,
fungus), increases the biodegradability of the contaminants.

3.2.3 Emissions from biological treatments
The specific emissions from biological treatments depend on:

1. volatile components already being a content of the feedstock,
2. the amount and type of waste being treated and
3. on the type of treatment.

For example, wastes derived from biological sources (such as rendering or food industry
effluents) are less likely to produce high emission loads. Thus, e.g. the emissions (loads of
TOC, methane, N,O, ammonia, etc.) from the biological treatment of separately collected
biowaste (not covered in this document) are comparable to the emissions from the biological
treatment of MSW and sludge except for some volatile VOC ingredients from MSW (e.g.
fluorinated chlorinated hydrocarbons).

heavy metals in the original material will be well mixed with the rest of the material, by
dissolution, extraction or simply by being torn into small pieces during the operation.

A common characteristic of the biological treatment is that heavy metals and other non-
biodegradable components are subjected to dilution by mixing, dissolution in the aqueous
phase, become part of the body of the micro-organisms, concentration by loss of moisture and
weight and so on. In general, heavy metal compounds are not selectively separated from the
waste and not selectively concentrated to a target output material.
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Volatile chemical constituents are the most likely to result in fugitive air emissions, together
with ammonia. Municipal wastes tend to produce metals in the effluent or sludge.

Anaerobic digestion
Figure 3.2 shows the relevant emissions from anaerobic digestion processes.

Waste water to

sewer/treatment plant
Municipal
solid waste
Rejects to
Ianc_lflll from Gaseous emission
screening process to atmosphere from
digestion, combustion of
biogas and post-digestion
composting
Source-separated Anaerobic

organic materials digestion \

Waste OUT
Rejects to landfill
from screening (some
rejects may be used in : .
biofilter medium in post Effluent with potential
digestion composting) ) f°'_" use under
licensing procedures

Figure 3.2: Schematic representation of anaerobic digestion inputs and outputs
Note: Brown arrows represent solid materials

Blue Arrows represent emissions

Green Arrows represent waste OUT with some use
[59, Hogg, et al., 2002], [150, TWG, 2004]

Air emissions

This process is enclosed and air emissions are unlikely to occur except during transfer to and
from the digester. Anaerobic systems generate less emissions than aerobic systems per kilogram
of waste, since the principal gaseous emission (methane) is a desired product. However
emissions related to the delivery of waste and mechanical treatment may cause emissions of
odours and dust and the aerobic digestion of the digestate may cause a significant odour
problem if not properly treated. The emissions generated by the combustion of the biogas are
typically higher than the emissions generated during the biogas production process.

A simple mass balance would suggest that, if the input material has a moisture content of 70 %,
and if the volatiles solids content of the remainder is 80 %, then the input waste must contain
240 kg of volatile solids. Unscreened stabilised biomass might account for 40 % of the initial
weight, of which 40 % might be moisture with the remainder having a volatile solid content of
40 %. This implies a loss of 144 kg, volatile solids, if the incoming material has a moisture
content of 70 %.

As already stated, since the digestion process is enclosed, air emissions are unlikely, except
during transfer to and from the digester. However, fugitive emissions of biogas are possible
from emergency vent valves and from poorly sealed water traps. This can result in a range of
hazards, including the risk of fire or explosion, as well as toxicity from contaminant gases such
as H,S and mercaptans (generating odour). Nitrogen gases also are possible.
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Particulate emissions are also less likely than from aerobic digestion because the process is
enclosed, but there will probably be some waste preparation units which may have larger
particulate emissions.

Component Emissions Unit Specific emission Specific emissions
concentration (g/tonne of waste) | (g/MJ of methane)
Flue-gas 11000 Nm’/t
Methane Fugitive vol-% 0—411 0.1
CO, 31-352 | vol-% 181000 — 520000 85
CO 72.3 0.25
NO, 10-72.3
NH; Fugitive
N,O 0 0.2
SO, 2.5-30 0.15
H.,S 284-289 | mg/Nm’ 0.033
TOC (VOC) 0.0023
PM (e.g. bioaerosol)
Odour 626 GE/Nm’
Chloroform 2 ng/Nm’
Benzene 50-70 pg/Nm’
Toluene 220 —250 pg/Nm’
Ethylbenzene 610 —630 | pg/Nm’
m+p+o xylene 290-360 | pg/Nm’
Halogenated HC and PCBs 0.00073
Dioxins/furans (TEQ) (04-4)-10°
Total chlorine 1.5 ng/Nm’
HCI 0.011
HF 0.0021
Cd 9.4.107
Cr 1.1.107
Hg 6.9.107
Pb 8.5.107
Zn 1.3.107

Fugitive means that fugitive emissions of these components occur but no data have been provided to quantify it

Table 3.18: Examples of gaseous emissions from anaerobic plants
[33, ETSU, 1998], [54, Vrancken, et al., 2001], [56, Babtie Group Ltd, 2002], [59, Hogg, et al., 2002],
[150, TWG, 2004]

Water emissions

Although anaerobic systems can be operated in stages to reduce the overall COD in the effluent,
they are generally operated for efficient methane production, and the liquid effluent thus tends
to be more concentrated than the effluent from aerobic systems.

The emission species will be similar to those from aerobic systems, but the volume of liquid is
much higher and measurements will be needed to calculate emissions (e.g. TOC). The aqueous
fraction may be discharged to sewer, or it may go through an aerobic waste water treatment
prior to discharge. TOC, total nitrogen, total phosphorus and chloride levels will need to be
monitored at the plant inlet and outlet to optimise plant performance, and are probably the most
relevant indicators for such optimum performance.

Those units processing biological wastes from the food industries or agriculture are unlikely to
produce metals in the liquid emissions. Moreover, the metal content in a discharge may be
lower than for an equivalent aerobic system because metal compounds are precipitated and
leave with the solid fraction. However, a small amount can appear in the liquid effluent as
suspended solids.
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The quantity of waste, or excess water generated depends upon a number of factors (extent of
biodegradation, moisture content of input wastes and the extent to which the process water is
recirculated, the way in which digestate is used -in some cases it is directly applied to land as
slurry- and the degree to which steam is used to heat the biomass). Most processes seek to
extract excess water from the digestate prior to aerobic digestion of the remaining biomass. In
some countries, however, little or no attempt is made to do this and the digestate is used on land
as a soil conditioner. Some site studies state 100 — 500 kg per tonne of waste (wet weight). The
excess waters are likely to be more polluted from dry systems, since more water is recirculated
in the wet systems. Figures for wet and dry systems are given in Table 3.19. The figures on dry
and wet systems in Table 3.19 relate to the waste water before removal of the suspended solids.
In the post-treatment phase, the liquor from the digestate may be subjected to a process of
denitrification, or filtered and/or fed to a decanter, with solids potentially being added to the
digestate and the excess water being delivered to sewer.

Components

Units

Dry systems

Wet systems

Amount (g) !

Waste water flow

m/t

0.47

COD

mg O,/1

20000 — 40000

6000 — 24000

20 - 530

BOD

mg O,/1

5000 — 10000

2500 — 5000

Ammonia

1-160

Nitrate

1-10

Total N

mg N/1

2000 — 4000

800 — 1200

Total P
Cl

Sulphate 1-5
As
Cd
Cr
Cu
Hg
Ni
Pb
Zn
"Based on 261 litres of waste water/tonne waste (possibly to be reduced to 211 litres by means of a

partial re-use of the water used for the production of polymer solution). The range depends on the
type of waste water treatment applied

Table 3.19: Typical waste water characteristics from anaerobic digestion
[59, Hogg, et al., 2002], [33, ETSU, 1998], [56, Babtie Group Ltd, 2002], [66, TWG, 2003]

Digested matter and waste

Concerning anaerobic digestion, the sludge or digestate is usually dewatered. The content of
heavy metals may be leached out to soil or washed off into watercourses if the digestate is used
as a compost, a soil cover or landfilled. In the event the content of heavy metals is too high to
allow a land application, the compost/sludge may be used for daily covering at landfills. In this
aspect, the groundwater Directive may be applied.

As the resulting anaerobic sludges are generated in a reducing environment, such sludges may
concentrate some compounds such as metal sulphides and some organics (e.g. non-soluble
intractable organics). The sludges processed from MSW or sewage sludge with an industrial
feed will have a metal content in the waste intake, which will be deposited in the sludge.

The sludge cake, generated in the waste water treatment plant can go for a further chemical
purification. If no purification is carried out, the sludge cake needs to be disposed of by landfill
or can be (co-)incinerated. The residue of the sand washing is probably not suitable for thermal
treatment, due to its low calorific value, and thus is disposed of by landfill.
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Mechanical biological treatments

The loss of weight during the aerobic process is about 10 — 20 % of dry substance matter of
input waste, equivalent to 30 — 40 % loss referred to the total weight. However, these data do
not differentiate between moisture loss and carbon dioxide production. Aerobic systems
operated in the open are more likely to create a wide range of emissions because the temperature
and moisture content of the process is harder to control. There is much more chance that the
material will saturate and produce a liquid emission, and a higher chance of the process turning
anaerobic with subsequent emissions of methane.

Various companies co-digested hazardous organic waste streams with municipal or green
wastes and low concentration of halogenated organics with aqueous organic wastes. In both
cases, it is reasonable to expect the biomass to adapt to a new food source, but it is also
reasonable to expect that the temperature rise in composting, or agitation of the tanks in
activated sludge systems, will create a discharge to the air of new species.

By contrast to composting plants treating green waste and separately collected biowaste, the
material treated in MBT plants may exhibit a broad range of emissions (municipal waste). MBT
exhaust gas may contain fluorinated chlorinated hydrocarbons, ammonia, mercury, methane,
N,O and other compounds.

The MBT exhaust gas is partially produced during the mechanical treatment, but mostly is
related to the biological process in which heat is released. Depending on the process,
management temperatures from 30 up to 90 °C may be reached. Thus a great part of the
moisture contained in the waste is driven out. Furthermore, the remains of solvents and of
mineral oil carbohydrates can be driven out. Under these boundary conditions, the MBT exhaust
gas contains at least the following material groups:

e water in the form of water vapour saturated process exhaust air which is not likely to be
below saturation unless unsaturated hall air is added

e degradation products of organic decomposition which are also known from alcoholic
fermentation, such as acetone, acetaldehyde, ethanol, methanol, butanol and other short-
chained compounds

e solvents, especially benzene, toluole, xylene

e odorous terpenes, mainly limonene and alpha- and beta-pinene

e traces of mineral oil carbohydrates.

Air emissions
There is a limited amount of information available on emissions from aerobic operations. The
emissions of air pollutants and odorous substances of MBT plants are:

waste specific (type, composition, age)

treatment specific (aerobic degradation, fermentation)

process specific (type of aeration)

dependent on operational management

influenced meteorlogically (weather conditions) in the case of open reactors.

In addition to the release of odorous substances at delivery and during mechanical treatment, the
emissions of the plant are mainly determined by the following sources:

e aerobic degradation
e fermentation
e exhaust air/exhaust gas treatment.

Microbiological degradation releases are from 30 to 50 MJ of heat per kg of organic substance
in the waste. This heat leads to the desired self-warming of the material. The surplus heat that
exceeds the quantity necessary for maintaining the process temperature is dissipated through
evaporation of the water. The water thus fulfils the important function of the heat carrier.
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Capacity | Part of the Air renewal, TOC (FID) Concentration of | Odour
MBT facility temperature’, odour
kt/yr process conditions mg/m* and spectrum | average 10°
g/t respect GE/m* | GE/m* | GE/h
30 Mechanical Forced ventilation, 40 mg/m? - - -
treatment and | approx. 2-fold air 20 -25 g/t
low bunker renewal, 5 — 10 °C
during the
measurement
200 Mechanical Forced ventilation, 15 - 25 mg/m? 150 - 630 (390 38
treatment and | approx. 1.5-fold air 25 —-55 g/t
low bunker renewal, 10 — 13 °C
during the
measurement
30 Total exhaust | Mixture of exhaust air | 60 — 130 mg/m?
air of MBT from halls and heaps, |500 — 720 g/t without
(2 weeks approx. 3-fold air methane
biological renewal, 25 — 30 °C 10 - 30 mg/m?
degradation) during the approx. 700 g/t
measurement methane
50 Total exhaust | Mixture of exhaust air | 700 — 880 g/t
air of MBT from halls and heaps, |[200 — 700 mg/m?
(16 weeks approx. 1-fold air up to 12000 g/t
biological renewal, 20 — 30 °C | methane
degradation) during the
measurement
70 Exhaust air Mixture of exhaust air |50 — 180 mg/m? 8000 — 15000 {1200
from biological | from halls and heaps, |590 — 720 g/t without | 20000 to bio-
degradation approx. single air methane filter
(fermentation |renewal, 25 —-30 °C | approx. 80 mg/m?
with 8 weeks | during the approx. 1100 g/t
of biological | measurement methane
degradation)
" There are some systems (air suction systems) where temperatures can reach up to 40 °C

Table 3.20: Examples of air parameters from some MBT
[132, UBA, 2003], [150, TWG, 2004]
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Some data on air emissions from aerobic operations is shown in Table 3.21 below.

Parameters/ Emission to air
pollutants (values in g/tonne of waste digested) °
Flow Exhaust air: 2500 — 30000 Nm’/t
Ammonia’ 5-3700
Other data:

0.12 times intake tonnage'

20 — 40 mg/Nm® *

Carbon dioxide 98 — 563 kg/tonne of MSW

482 — 566 kg/tonne of MSW if machinery, energy system and construction are
included

Other data:

10 — 20 % intake tonnage of waste x 1000

20 % of the intake dry solids

N,O 11-110

NO, 100

Methane 411 —-2000
Particulate matter’ | 163 — 186
PMis e.g. bioaerosols

Odour

50 — 500 GE/m’

TOC (VOC)’

0.7-600

AOX
CFC
Dioxins/furans 0.1 ng/m’
Microbes
Mercury
' Reduce emission factor by 50 % if the system uses forced air or another method to ensure aerobic conditions
throughout; increased emission factor if high nitrogen wastes received.

Filter systems on the exit air will reduce general particulate emissions, but not PM,

If treatment process conditions move away from the range of pH 4 — 8 and with a C:N:P ratio of out of
100:5:1, then larger quantities of other gases may evolve; larger quantities of ammonia may become
particularly prevalent if there is too much nitrogen in the feedstock.

Equals 545 — 1090 grams per tonne before any abatement of ammonia (e.g. biofilter).

Methane may represent 1/6 of the TOC amount.

In some cases several ways of calculation or different types of emission data are presented.

2
3

4
5
6

Table 3.21: Relevant emissions for MBT operations
[54, Vrancken, et al., 2001], [56, Babtie Group Ltd, 2002], [59, Hogg, et al., 2002], [66, TWG, 2003],
[75, UNECE, |, [81, VDI and Dechema, 2002], [132, UBA, 2003], [150, TWG, 2004]

Ammonia emissions

Nitrogen in the waste can easily be converted to ammonia, and this is more likely to happen if
the C:N ratios are unbalanced (too much nitrogen), or the mass becomes anoxic. For green
wastes, this is more likely in the summer months with high levels of grass mowings in the waste
and insufficient woody material as a bulking agent. Enclosed aerobic digestion or
biodegradation systems with a high forced air injection providing an excess of oxygen produce
less ammonia than standard windrows. The ammonia load of the crude gas of MBT plants
amounts to between 10 to 560 mg/Nm® depending on the process variant, specific exhaust air
quantity, etc. With upstream fermentation, up to 1000 mg/Nm’ may be found in the pre-
biological degradation. In addition to its effect of polluting the air, a high ammonia
concentration in the crude gas damages the biofilters often used in MBT plants. Therefore, the
aim has to be to keep the ammonia load of the crude gas prior to entry into the biofilter as low
as possible3. Upstream pH controlled acid scrubbers can reliably keep NH; concentrations below
10 mg/Nm’.

Sites undertake a range of riddling, sieving, grinding and turning operations. Particulate
emissions occur, but there are no data to quantify them. It is known that most aerobic digestion
operations generate a range of fungi, particularly aspergillus. Filters on the exit air will
minimise particulate emissions. PM;, emissions are a possibility.
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Bioaerosols

These are micro-organisms and other tiny biological particles that are suspended in air. They are
respirable and generally invisible. Bioaerosols can be produced by the aerobic process. Surveys
have drawn particular attention to a fungus called Aspergillus fumigatus. It is found all over the
world, especially in soils and in forest litter. It is particularly associated with the aerobic
digestion process as it is capable of degrading cellulose (a carbohydrate found in plant material)
and is capable of surviving at high temperatures (up to 65 °C). As part of its lifecycle,
Aspergillus fumigatus produces tiny spores.

Odour emissions

They may come from anaerobic conditions. Odours are emitted from the surface of open piles,
windrows, maturation piles, storage piles and stockpiles. Exhaust gases from controlled aeration
systems also contain odourous compounds. Typically the most problematic odorous compounds
at aerobic digestion facilities include ammonia, hydrogen sulphide, mercaptans, alkyl sulphides
such as dimethyl sulphide, dimethyl disulphide and terpenes. These compounds are present in
many feedstocks or are formed during the process through aerobic or anaerobic actions.

Some pesticide
They may be broken down by photolysis, plant metabolisms or microbial action. Others are
persistent.

Methane
Methane will also be an issue, although the plant will usually be run in such a way so as to
minimise this production. Methane emissions may range from 10 to 2000 mg/Nm’.

VOCs

Any volatiles in the feedstock will tend to be emitted to the air due to the temperature rises. The
crude gas from MBT plants contains a large number of single organic compounds in relatively
high but fluctuating concentrations. The TOC concentration (total organic carbon) that records
all organic contents is a parameter suitable for monitoring. The MBT crude gas contains TOC
concentrations of between 10 to 2000 mg/Nm®, but up to 7500 mg/Nm’ have been measured.
Open-air heaps have TOC-concentrations above 1000 mg/m’ due to inevitable anaerobic
conditions within the core of the heap. Carbon concentrations of more than 10000 mg/Nm?® have
been recorded at the surface of non-aerated open-air heaps especially with anaerobic conditions
within the heap. The main outflow of the TOC occurs during the first hot biological degradation
phase, i.c. in the first one or two weeks of biological degradation. Next Table 3.22 shows the list
of organic compounds identified in MBTs.
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Alkanes

1,1-dimethylcyclopentane 4-methylnonane n-dodecane
1,3-dimethylcyclohexane 5 ratified alkane n-heptane
1,4-dimethylcyclohexane 5-methylundecane n-hexane

10 ratified alkane 6 alkylcyclohexane n-nonane

11 ratified alkane butylcyclohexane n-pentadecane
2 ratified ektane 2 Cs-cyclohexane n-pentane

2 ratified undecane

C4—cyclohexane

n-tetradecane

2,3-dimethylpentane cyclohexane n-tridecane
2,4-diphenyl-4-methyl-2-pentene decane n-undecane
2-methyldekane dimethylcyclohexane nonadecane
2-methylheptane dodecane propylcyclohexane
2-methylhexane ethylcyclohexane tridecane
2-methylnonane ethylcyclopentane trimethylbenzol
2-methylundecane hexadecane trimethylcyclohexane
3-methyldecane methylcyclopentane undecane
3-methylheptane methylbutane 3 ratified heptane
3-methylhexane methylcyclohexane 7 ratified nonane
3-methylnonane methyloctane 2 ratified octane
4-methylheptane n-decane ratified dodecane
PAHs

1,2,3 4-tetrahydromethyl-naphthaline | naphthaline acenaphthene
1,2,3,4-tetrahydronaphthaline dimethylnaphthaline methyldecaline

(tetraline)

ethylnaphthaline (vinylnaphthaline)

1-methylnaphthaline

2 -methylnaphthaline

decahydromethyl- naphthaline

methyltetraline

Acids and esters

2-butene acidethylester butyric acidmethylester [ hexanal
2-methylbutyric acidethylester 2 carbonacidester hexanacidethylester
3-methylbutyric acidethylester 6 carbonacid fattyacidethylester

alkanacidethylester

acetic acid

myristinacidisopropylester

alkanacidethylester (acid >C;)

2 alkanacid

pentanacidmethylester

aceticacid -1-methylethylester aceticacidalkylester propanacidethylester
benzoacid aceticacidbutylester propanacidmethylester
benzoacidbenzylester aceticacidethylester hetradecane acid
butyricacid aceticacidmethylester hexadecane acid
butyricacidethylester

Terpene

Ol-pinene [B-pinene [B-myrcene

pinene D-limonene 3-carene

myrcene camphor

Aldehydes/ketones

1,2-diphenylethanone 3-buten-2-one hexanal
2,3-butandione 3-hydroxy-2-butanone methyl-2-butanone

5 2-alkanone 3-pentanone methylisobutylketone
2-butanone Acetaldehyde nonanal

2-heptanone Acetone octanol

2-hexanone acetophenone pentanal
2-methylpropanal decanal ramified 2-heptanone
2-pentanone diphenylethandione dodecanal

2-undecanone

Alcohols

1-butanol 2-methyl-1-propanol isopropanol
1-pentanol 2-methylbutanol ramified alcanol
2-butanol 3-Methyl-1-butanol ramified pentanol

2-ethyl-1-hexanol

butanol

ethanol

2-methyl-1-butanol

Benzenes/alkylbenzenes

benzene

| 2 C4-benzene

| methylpropylbenzene
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5 Cs-benzene 3-dimethylethylbenzene | propylbenzene
C,-benzene ethylbenzene styrol
1-methylpropylbenzene ethylmethylbenzene toluene
15 C4-benzene o/m/p-xylene 3-trimethylbenzoene
7 Cs-benzene methylisopropylbenzole
Halogenic compounds
1,1,1-trichlorethane dichlormethane tetrachlorethylene
dichlorbenzene fluorethylene trichlorethylene
Sulphur compounds
2-butanthiol dimethylsulphide sulphur dioxide
dimethyldisulphide methanthiol carbon disulphide
Siloxanes
cyclohexasiloxane cyclotetrasiloxane cyclosiloxane
cyclopentasiloxane hexamethyldisiloxane siloxane
octamethylcyclotetra-disiloxane
Phthalates
diethylphthalate | dimethylphthalate |
Ethers
tetrahydrofurane | |
Table 3.22: Organic compounds which were verified within the scope of four screening inquiries
of exhaust air (three aerobic tests with intensive and after-biological degradation, one anaerobic
plant)
[132, UBA, 2003]

Chlorofluorocarbons (CFC)

The few available data shows that in MBT plants CFC loads of more than 10 grams per tonne
input material may be released depending on the processed waste type (Table 3.23). Leading
substances are CFC R11 (trichlorofluoromethane) and R12 (dichlorofluoromethane) which were
used frequently in the past.

Parameter Facility A Facility B Facility B Facility B Facility C
(g/tonne) (exhaust air (exhaust air (exhaust air | (exhaust air (exhaust air
from tunnel) | from biological |from biological | from halls) | from biological
degradation degradation degradation
trommel) trommel) module)
Probe spring Winter Summer Winter Summer (estimated)
R11 n.d. 8.5 4.1 0.4 22-23
R12 n.d. 11.3 0.2 0.4 1.3-14
R21 n.d. n.d. - n.d. n.d.
R113 n.d. n.d. <0.05 n.d. 1.9
R114 n.d. n.d. 0.2 0.4 1.2-14

n.d. = not detectable

Table 3.23: CFC emissions from MBT (raw gas)

[132, UBA, 2003]

Waste water

Sites are unlikely to produce a surplus of liquid because the aerobic digestion process emits
large volumes of water to the air and generally requires additional liquids as ‘top-ups’. If they
do, then these will be occasional intermittent flows. Although it is known that some sites have
had problems with waste water, the quantities of liquid emissions are likely to be small since
aerobic digestion is an exothermic process.
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Water parameter Specific emissions Concentration of the
(kg/tonne of MSW) waste water (mg/l)
Waste water flow 260 — 470
TOC 40
COD 0.457 120 — 200
BOD; 2025
HC 10 —20
BTEX 0.1
AOX 0.5
Chloride 0.152
Total N 70
Total P 1-3
CN 7.28:10° 0.2
Sulphide 0.1-1
Cd 0
Cr 0 0.5
Cr (VD) 0.1
Cu 0
Hg 0
Mg 0
Ni 7.94-10°
Pb 5.96:10™
Zn 2.38-10™
Copper and zinc would be expected in any aerobic digestion leachate as they are
plant micronutrients. There is a possibility of toxic metals in the effluent
although most metals will remain in the aerobic digestion product.

Table 3.24: Leachate from aerobic digestion
[54, Vrancken, et al., 2001], [S6, Babtie Group Ltd, 2002], [S9, Hogg, et al., 2002], [66, TWG, 2003],
[75, UNECE, ], [81, VDI and Dechema, 2002], [132, UBA, 2003], [150, TWG, 2004]

Emissions to land

Aerobic digestion sites should make certain whether or not there are liquid emissions to land,
even if they have a concrete base underneath the windrows, as the concrete basement may not
be non-continuous, and part of the operation may be on a permeable surface. If the base is
impermeable, then there will be a discharge to surface waters or sewer or a collection in sumps.
If the aerobic digestion sites are on the landfill, liquid discharges will go to the landfill treatment
plant.

There is also a possible problem if excess rainwater falling on the windrows is not evaporated
by the heat of the aerobic digestion process. Surplus water would pick up fatty acids and humic
acids and solids from the aerobic digestion process and then transfer the discharge to land,
surface water or sewer.

Sludge and/or digestate for onward disposal to landfill typically have organic compounds,
nitrogen and phosphorous compounds, chloride and chromium.

Biological treatments applied to contaminated soil

Air emission due to ex situ biodegradation

Little information exists on volatile losses from ex sifu bioremediation processes. Table 3.25
summarises the data available for both slurry-phase and biopile systems. Although these data
are limited, volatilisation appears to be a small component of the overall removal of
hydrocarbons in these processes.
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Contaminants| Emission rate | Total emissions | Biodegradation/ Notes
Volatilisation
Slurry-phase bioremediation
Creosote 0.07-6.3 gHC/h n.a. n.a. Off-gas concentrations
peaked during day 1 and
decreased to near baseline by
day 5
Petroleum n.a. 910 kg HC n.a. 425000 kg of soils were
sludge treated. Emissions reduced to
background by day 6
Petroleum n.a. 10 - 20 kg/yr; n.a. A full-scale system is
sludge 1.5kg estimated to have 500 to
dredging 30 kg 2000 kg of VOC emissions
storage tank; 4 kg
pond
\Biopile
Gasoline n.a. n.a. 99 %/1 % IAir emissions measured for
the stockpiling/handling,
mixing, and curing
operations. Mixing
component accounted for
96 % of contaminants lost.
73 % of VOCs lost were
trapped in carbon units
Petroleum 0.01 kg/hr HC once n.a. n.a. Off-gas was also recycled
through; 0.03 kg/hr back to the biopiles to further
HC after treatment reduce emissions
(carbon)
Petroleum 16 ppb BTEX n.a. >99 %/<1 %
start-up;
5 ppb BTEX
(day 8);
<1 ppb BTEX
(day 35)
IHC: Total hydrocarbons

Table 3.25: Summary of emission data for ex-situ bioremediation systems
[30, EKlund, et al., 1997]

In open lagoons and in aerobic digestion and land treatment processes, the primary
environmental factors which influence air emissions, in addition to the biodegradability and
volatility of the waste, are process temperature and wind speed. Emissions tend to increase with
an increase in surface turbulence due to wind or mechanical agitation. The temperature affects
emissions through its influence on microbial growth. At temperatures outside the band for
optimal microbial activity, volatilisation will increase. Emissions from self-contained reactors
are also determined by reactor design parameters such as the amount of air or oxygen used to
aerate the slurry. Higher gas flows will strip more volatiles out of solution and increase air
emissions.

3.2.4 Waste OUT from biological treatments

The structure given to this section corresponds to the same one that has been given to Section
2.2, and describes the waste (or products) generated by the biological treatments of waste (the
Waste OUT, according to the definition in Table 3.1).

Anaerobic digestion
An overview of the expected waste OUT (based on the source separated MSW input) is given in
Table 3.26.
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Fractions suitable for energy Specific amounts Heating value (MJ/kg)
recovery (kg per tonne MSW)
Lower Higher
Biogas ' 117.5 154 168
(75 — 364 Nm?)

Light residue 37.3 12.4 21.5
RDF 257.2 17 25.8
Wood-like fraction 14 4.9 10.0
" This lower yield is mainly explained by the higher content of non-degradable material (sand). Yields

may vary from season to season (higher yields during autumn/winter).

Table 3.26: Expected waste OUT (based on the standard composition of waste) from the
installation
[54, Vrancken, et al., 2001], [S9, Hogg, et al., 2002]

Biogas

In the biogas, there are also other constituents in smaller concentrations including carbon
monoxide, hydrogen, nitrogen and oxygen. A larger proportion of inorganics and polluting
substances in the process will lead to smaller amounts of a ‘dirtier’ biogas. The constituents of
biogas (other than carbon dioxide and methane) can be quite important in its end-use. Table
3.27 shows such the typical composition of a biogas generated by anaerobic digestion.

Component Biogas concentration | Specific production | Specific emissions
(vol-%) (g/tonne of waste) | (g/MJ of methane)
CO, 25-50 181000 — 520000 85
Methane 50-75 0—-411 0.1
Water (biogas) 6-6.5
0O, 09-1.1
N, 39-4.1
H,
H,S <0.1-0.8
Ammonia <0.1-1
Mercaptane In spores
Low molecular fatty acids
Higher molecular substances traces

Table 3.27: Composition of biogas generated by anaerobic digestion
[33, ETSU, 1998], [54, Vrancken, et al., 2001], [56, Babtie Group Ltd, 2002], [59, Hogg, et al., 2002],
[132, UBA, 2003]

The biogas may be partly used for the production of power and/or heat (e.g. electricity, building
heating, vehicles powered with biogas) by combusting it in a biogas engine. When biogas is
used to generate energy, it is possible to generate from 20 to near to 300 kWh of net energy per
tonne of waste. Several references have been enclosed in Table 3.28.
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Net energy production
(kWh/tonne of waste)
Study/process Minimum* | Average* | Maximum*
AN-Anaerob 38 49 60
DBA 45 53 60
Kompo 85 88 90
NOVEM 21 88 154
Plaunener-Verfahren 85 98 110
Waterman BBT 100
DHYV study 102
White et al 110
Prethane-Biopaq 80 110 140
IEA Bioenergy 75 113 150
BTA 100 115 130
Dranco 105 131 157
Vrancken 140
WAASA 120 145 170
IWM 100 150 200
Schwarting-UHDE 154
D.U.T 254 273 292
* If only one figure is quoted, the reference in question did not provide a range

Table 3.28: Net energy production figures from different sources
[59, Hogg, et al., 2002], [S4, Vrancken, et al., 2001], [150, TWG, 2004]

Solid waste fuel to be used as fuel

More information on this matter can be found in Section 3.5.4.1. The solid fuel prepared is a
presorted mixture of paper and plastics. Washing of the digestion product yields two additional
streams a residue and a wood-like fraction, with a residual calorific value that allows thermal
treatment. The three streams added together give 308.5 kg solid fuel mix for thermal
valorisation. The solid fuel mix has a lower heating value of 16.5 MJ/kg and a dry solids content
of 66 %.

Type of waste Y%
Organic waste 45
Others 31
Paper/cardboard 13
Plastics 9
Textile 2

Table 3.29: Composition of the solid waste prepared
[54, Vrancken, et al., 2001], [150, TWG, 2004]

Digestate
The amount of digestate generated ranges from 100 — 500 kilograms per tonne of waste IN. This

range is due to an extention of biodegradation, the moisture content of waste IN, the extent of
process water recirculation, the way in which the digestate is used and the degree to which
steam is used to heat biomass. The composition varies as shown in Table 3.30:

Feedstock Units N P K Mg Ca

Biowaste/RDF % of TS 1.2 0.68 0.74 0

Source sep. MSW % of DM 1.90 0.66 0.63 - -

Source sep. MSW ppm 20.0 11.9 14.7 11.6 49.7
Source sep. MSW ppm 11 8 10 - -
Organic fraction MSW ppm 1-13 | 6-12 | 8-12 | 17-26 | 60-110
Fruit/veg from market ppm 21.9 9.5 10.5 4.7 -
Unsorted MSW ppm 11 8 10 - -
Unsorted MSW ppm 19 13 15 3.67 -

Table 3.30: Chemical characteristics of anaerobic digestate
[59, Hogg, et al., 2002], [150, TWG, 2004]
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Other products/waste

Recovered product

Specific production
(tonnes per tonne of waste treated)

Nutrient recovery

4.0 — 4.5 kg N/tonne
0.5 — 1 kg P/tonne
2.5 — 3 kg K/tonne

Energy recovery

0.4 — 0.9 MJ electricity per tonne of
waste. In addition, CHP plants may
generate a similar quantity of heat

Total solid residuals depending on waste

0.3-0.6

Quality products for recycling (recovery)

Fibres (0.07 — 0.3) (for composting)

Other residuals possible for re-use with restrictions Fluids (0.6)
Inerts (0.05)
Sand (0.08)
Residuals for landfilling or other waste treatment Overflow sieving (0.02 —0.1)
Metals (containing ferrous) 0.043
Ferrous metals 0.032

The separation and washing of the digested material yields fractions of inert materials, sand and a fibrous
fraction. The inert materials and the sand fraction can be used as a building material. Another output
corresponds to the fibrous fraction.

Table 3.31: Overview of anaerobic technology for the treatment of biodegradable municipal waste
[59, Hogg, et al., 2002], [54, Vrancken, et al., 2001]

Mechanical biological treatments
The aerobic treatments reduce the tonnage of input materials by the conversion of part of the
biomass to carbon dioxide and water through microbial actions.

biological treatment)

Fractions suitable for energy Specific amount Heating value (MJ/kg)
recovery (kg per tonne MSW)
lower higher |
RDF 300 — 460 16.6 19.9
Fractions not suitable for Destination and properties
energy recovery

Ferrous 32 -40: Scrap trade (2 fractions)

24 ferrous 1 Pre-separation

8 ferrous 2 Post-separation

Inerts 48.6 Re-use

<40 glass
Non-ferrous 8—-10 Recovery
Organic rich material (to 550 TOC 18 w/w-%

- process losses 200
- treated waste for
landfilling 350

Upper heating value of 6 MJ/kg
Density >1.5 t/m’ (wet)
Hydraulic conductivity k<10 m/s

Table 3.32: Waste OUT from MBT
[54, Vrancken, et al., 2001], [S9, Hogg, et al., 2002], [81, VDI and Dechema, 2002]

Grey compost

Copper and zinc can be expected to be found in any compost as they are plant micronutrients.
Other heavy metals will be associated with whole aerobic digestion only, or by the addition of,
hazardous waste streams. In general, metals will be retained in the solid fraction. Metals will
bioaccumulate in the compost fraction. Some products recovered by this treatment are shown in

the Table 3.33.
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Recovered product

Value (tonnes/tonne of waste treated)

Nutrient recovery

2.5 — 10 kg N/tonne of biowaste recovered
0.5 — 1 kg P/tonne of biowaste recovered
1 — 2 kg K/tonne biowaste recovered

Energy recovery

Likely (e.g. through dry stabilisation/separation processes
to manufacture RDF). Depending on the configuration,
RDF may be (typically) 0.2 — 0.5 tonnes, with a calorific
value of around 15 — 20 MJ/kg (sometimes higher). In
addition, in some configurations, digestion processes can
recover energy from degradation of the biodegradable
fraction (can be >100 kWh depending on composition)

with restrictions

Total solid residuals depending on 0.7-0.9

waste (tonnes/tonnes waste)

Quality products for recycling Metals (0.05)
(recovery)

Other residuals possible for re-use RDF (0.3 -0.4)

Stabilised organic fraction (0.07 — 0.2)
= respiration activity (AT,): <5 —7 mg O,/g TS
= gas formation: GB21 <20 mg/g TS

waste treatment

Residuals for landfilling or other

Heavy and light rejects (0.2 — 0.4)

Table 3.33: Overview of MBT outputs for the treatment of biodegradable municipal waste
[59, Hogg, et al., 2002], [150, TWG, 2004]

The characteristics of the aerobic digested product has the following characteristics: one
kilogram of treated waste potentially releases a total load of 1 —3 g of COD, 0.5-1.5 g TOC
and 0.1 —0.2 g NH4-N into the leachates. The real numbers clearly depend on the intensity
respective and the duration of the treatment. Table 3.34 shows the potential emissions from grey

compost by gas and leachate.

Emission potential Unit Untreated MSW | Mechanical-biological
treated MSW
by gas: carbon litre/kg of dry matter 134 -233 12-50
g C,/kg dry matter 71.7-124.7 6.4-26.8
by leachate: TOC | g/kg of dry matter 8—-16 03-33
N g/kg of dry matter 4-6 0.6-24
Cl g/kg of dry matter 4-5 4-6

Note: Minimum values represent the stabilisation degree reached by more modern MBTs

Table 3.34: Range of organic carbon, nitrogen and chlorine transfer by gas and leachate
[81, VDI and Dechema, 2002]

Biological treatments applied to contaminated soil

Initial concentration Final concentration Removal®
Compound Solids Slurry Solids Slurry Solids | Slurry
(mg/kg) | (mg/kg) | (mg/kg) | (mgkg) | (%) (%)
Phenol 14.6 1.4 0.7 <0.1 95.2 92.8
Pentachlorophenol 687 64 12.3 0.8 98.2 92.8
Naphthalene 3670 343 23 1.6 99.3 99.5
Phenanthrene and 30700 2870 200 13.7 99.3 99.5
anthracene
Fluoranthene 5470 511 67 4.6 98.8 99.1
Carbazole 1490 139 4.9 0.3 99.7 99.8
Note: Treatment carried out using a 190 m> reactor
(a) Includes the combined effect of volatilisation and biodegradation

Table 3.35: Performance of a slurry biodegradation process treating wood preserving wastes

[30, EKlund, et al., 1997]
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3.3 Emissions and consumptions from physico-chemical

treatments
[30, Eklund, et al., 1997], [51, Inertec, et al., 2002], [55, UK EA, 2001], [56, Babtie Group Ltd,
2002], [86, TWG, 2003], [89, Germany, 2003], [94, USA DoE, 2002], [99, Fons-Esteve, et al., 2002],
[100, UNEP, 2000], [101, Greenpeace, 1998], [121, Schmidt and Institute for environmental and
waste management, 2002], [123, Perseo, 2003], [134, UBA, 2003], [147, UBA, 2003], [150, TWG,
2004], [152, TWG, 2004], [154, UNEP, 2004], [156, VROM, 2004], [157, UBA, 2004]

This section contains the emissions and consumptions of physico-chemical (Ph-c) treatments
discussed in Section 2.3. Chemical treatment processes cover a wide range of unit operations
and a wide range of wastes. This section also applies to chemical treatment plants operating
neutralisation processes. The following sections highlight information available to site operators
from their current record systems and the areas where emissions are likely to occur. Most sites
are on a totally enclosed base with all liquids entering or generated on-site (including rainfall)
returned to the process. This sector is very diverse, but also one of the best monitored sectors, as
was observed in site visits.

The structure of each of the following sections in this section is the same as the one followed in
Section 2.3. Emissions associated with an ancillary treatment, e.g. transfer station operation are
covered in Section 3.1.

3.3.1 Waste IN in physico-chemical treatments

Waste waters
The waste waters treated by physico-chemical treatments are:

e the core waste streams — these are inorganic acids and alkalis and their rinse-waters,
together with cleaning, washing and interceptor wastes from a range of processes

e chemical industry wastes — these may include aqueous alcohol/glycol streams and process
wash-waters

e (possibly) cleaning wastes with low levels of chlorinated compounds such as

dichloromethane or phenolic compounds. Cleaning waters from the food industry may

contain these substances as well

aqueous wastes containing solvents

high nitrogen wastes (potential for ammonia emissions)

wastes containing phosphorus

occasional inorganic wastes: for example wastes containing arsenic

cyanide wastes - typically this waste will consist of solid or liquid cyanide salts, for

example, sodium cyanide from surface metal treatments. They may also be present in

printing wastes, usually as silver cyanide. Examples of cyanide based plating solutions

include copper, zinc and cadmium cyanides

e developer waste (photographic wastes) typically includes a solution with a high percentage
of ammonia salts, predominantly thiosulphate

e waste waters from shaping; oil wastes; organic chemical processes; and water and steam
degreasing processes.

Without going into detail and/or individual and special cases, the essential sources of Ph-c plant
treatable wastes are indicated in Table 3.36.
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EWL Title EWL list
chapter
06 Wastes from inorganic chemical | 0601 waste acidic solutions
processes 0602 waste alkaline solutions
0603 waste salts and their solutions
0604 waste containing metals
0605 sludges from on-site effluent treatment
07 Wastes from organic chemical 0701 wastes from the manufacture, formulation, supply
processes and use (MFSU) of basic organic chemicals
0702 wastes from the MFSU of plastics, synthetic rubber
and man-made fibres
0706 wastes from the MFSU of fats, grease, soaps,
detergents, disinfectants and cosmetics
11 Inorganic wastes containing 1101 liquid wastes and sludges from metal treatment and
metal from metal treatment and coating of metals (eg. galvanic processes, zinc coating
the coating of metal; non-ferrous | processes, pickling processes, etching, phosphating,
hydro-metallurgy alkaline degreasing)
12 Wastes from shaping and surface | 1201 wastes from shaping (including forging, welding,
treatment of metals and plastics pressing, drawing, turning, cutting and filing)
1202 wastes from mechanical surface treatment
processes (blasting, grinding, honing, lapping, polishing)
1203 wastes from water and steam degreasing processes
13 Oil wastes 1304 bilge oils
1305 oil/water separator contents
19 Wastes from waste treatment 1908 wastes from waste water treatment plants not
facilities, off-site waste water otherwide specified
treatment plants and the water
industry

Table 3.36: Types of waste that may be treated in a physico-chemical treatment plant
[121, Schmidt and Institute for environmental and waste management, 2002]

The essential mass flow from Ph-c plants is the waste water, corresponding to about 85 to 95 %
mass of the waste accepted for treatment.

Aqueous marine waste

Most of the waste water from aqueous marine waste is contaminated with oil, organic
substances and solid material (e.g. sediment). The contents of heavy metals, salts and other
inorganic substances in the water and oil fractions are relatively low. Table 3.37 shows the
acceptance and processing criteria for flocculation/flotation and biological treatment.
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Component Limit value acceptance | Limit value processing | List mixing policy*

(mg/l) (mg/l)

PCBs Detection limit Detection limit X

Dioxins Detection limit Detection limit X

Pesticides Detection limit Detection limit X

Organotin compounds Detection limit Detection limit X

Brominated diphenyl Detection limit Detection limit X

ethers

Inhibition respiration 10 % 10 %

N-total (Kjeldahl) to discuss 500

CN to discuss 5

Phenol to discuss 1500

VOX 100 20

EOX 10 5 X

Cd 0.1 0.1 X

Hg 0.01 0.01 X

Total heavy metals 25 25 X

*the limit value of acceptance is in accordance with the policy on mixing.

Table 3.37: Acceptance and processing criteria for flocculation/flotation and biological treatment
for aqueous marine waste
[156, VROM, 2004]

Waste solids and sludges
Some waste solids and sludges treated by physico-chemical treatments are:

e asbestos

e slag or bottom ash from combustion processes

e FGT waste (e.g. incineration ashes from MSW, hospital waste or industrial waste
incinerators)

e sludge to be stabilised. Sludges from chemical industry may contain sulphates and organic
salts

e stable waste

e sludge from waste water processing (municipal or industrial)

residues from the metallurgical industry (dusts, sludge, slags). These may have high

contents of Cr(VI)

spent catalysts

paint residues

mineral residues from chemical processing

wastes containing acid and soluble compounds

high arsenic content residues from the chemical, metallurgical or ore industries

contaminated soil. According to meeting devoted to assessing indicators for soil

contamination [99, Fons-Esteve, et al., 2002], there are three main indicators used to

establish whether soil is contaminated or not. These are typically acidification,

eutrophication (the typical indicator is nitrogen content) and the content of heavy metals

(e.g mercury). Contaminated soil can contain rocks, bricks, and reinforcing rods that could

damage the equipment used for material handling if not removed.

The following text gives some information about some of these types of waste.

Bottom ash and FGT wastes from combustion processes
Some wastes from combustion processes are bottom ashes, FGT waste and filter cakes. Table
3.38 shows the physico-chemical characteristics of such waste from MSW incinerators:
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Properties

Compounds

Values

pH

11-12.5-13

Soluble salts content

Cl, sulphates

Upto 70 %
(Conductivity 15000 — 27000 —
37000 pS/cm)

Heavy metals

Pb, Zn, Cd, Cr

Up to several %

Inert compounds

Silica, alumina, lime

Fine particulates <100 pm

Density Low (0.4 — 0.6)

Hygroscopic material | Salts, excess lime content

Leaching test before Solubles 10 -80 %

treatment Cr 1.5 -8 ppm
Cd 1 —500 ppm
Pb 1 — 1400 ppm
Zn 1 - 10000 ppm
As 1 — 50000 ppm

Middle number in ranges corresponds to averages.

Table 3.38: Characterisation of residues from MSW incinerators
[51, Inertec, et al., 2002]

The general components of slag/bottom ash from household incineration are silicates, alkaline
earth, chloride, sulphates, non-ferrous metals (e.g. As, Cd, Cu, Pb), ferrous metals and heavy
metals. The main components are the mineral fraction, the non-incinerated fraction and the
scrap metal.

Categories Percentage by weight (%)
Mineral fraction 85-90
Non-incinerated fraction 1-5
Metal scrap 7-10

Table 3.39: Main components of slag/bottom ash
[89, Germany, 2003]

Values in Slag/bottom ash (fresh) Slag/bottom ash after storage
Y%o-wt (ageing time of 3 months)
Parameter Min. Average Max. Min. Average Max.
Si0, 4291 49.2 64.84 39.66 49.2 60.39
Fe,0; 9.74 12 13.71 8.41 12.7 17.81
CaO 10.45 15.3 21.77 10.42 15.1 23.27
K,0 0.83 1.05 1.36 0.84 0.91 1.42
TiO, 0.65 1.03 1.33 0.65 0.88 1.12
MnO 0.06 0.14 0.22 0.1 0.17 0.26
Al O, 6.58 8.5 10.79 7.43 8.83 10.45
P,05 0.55 0.91 1.49 0.5 1.04 2.61
MgO 1.79 2.69 3.4 1.84 2.59 3.51
Na,O 1.86 43 5.81 2.05 4.15 7.49
Carbonates 2.56 591 10.96 5.59 5.83 7.62
Sulphates 2.5 15.3 28.3 5.8 12.5 22.5
Cl 1.3 3.01 7 1.5 2.71 4.6
Cr (ppm) 174 648 1035 295 655 1.617
Ni (ppm) 55 215 316 90 165 260.2
Cu (ppm) 935 2151 6240 1245 2510 5823
Zn (ppm) 1200 2383 4001 1795 3132 5255
Pb (ppm) 497 1655 3245 1108 2245 3900

Table 3.40: Chemical composition of bottom ash after the household incineration plant
[150, TWG, 2004]
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The following Table 3.41 and Table 3.42 describe some general values of bottom ash
parameters after the incineration process, with data from two different treatment plants.

Values Pb Cr Cu Cd As Zn Hg Ni
Minimum 0.6 0.1 0.2 0.0001 0.003 0.5 0.07
Average 1.6 0.5 2.2 0.021 0.012 4.8 0.7
Maximum | 52-6 | 2-9.6 7 0.02-0.08 | 0.022 | 10-21 2 0.5
Values in g/kg of bottom ash
Table 3.41: General bottom ash values after the household waste incineration process
[89, Germany, 2003]
Bottom ashes | Bottom ashes' Fly ash and residues Mixture of fly ash and
Metal (slag) (slag) from dry and semi- sludge from wet scrubbing
(ppm) (ppm) dry processes (ppm) ' process (ppm) '
Cd 0.3-70.5 0.01 - 0.1 1-10 <0.001
Cr 23 -3170 0.001 —0.01 1-10 0.01 —0.1
Hg 0.02 -7.75 0.001 - 0.01 <0.001 <0.001
Pb 98 — 13700 1-10 10000 — 100000 0.001 —0.01
T'Values correspond to concentration ranges in initial leachates
Some more information on incinerators can be found in the waste incineration BREF

Table 3.42: Metals in bottom and fly ashes of municipal solid waste incinerators
[113, COWI A/S, 2002], [150, TWG, 2004]

During the combustion of coal, two types of coal ashes are generated. Classic fly ashes are
mainly composed of non-combustible elements and non-burned particulates, and contain, on
average, 50 % silica, 25 — 30 % alumina, 8 % iron oxides (containing Ca, K, Mg, Na, Ti and
traces of As, Cd, Cr, Cu, Ni, Pb, Se, Zn). The other type of fly ash is composed of
silico-calcareous ashes that are generated from the particulate abatement techniques and sulphur
oxide abatement techniques. These ashes are rich in calcium sulphate. More information can be
found in the Large Combustion Plant BREF.

The ashes from heavy fuel oil typically contain sulphur, vanadium and nickel. They are also
characterised by high percentages of non-burned carbon, typically 60 % but can reach up to
80 %. More information can be found in the Large Combustion Plant BREF.

Asbestos
Table 3.43 below shows ranges found in the composition of different asbestos types.

Value in % Friable asbestos Transite asbestos
ALO; 0.16 — 1.57 1.08 —2.60
CaO 2.86 —3.89 7.53 -36.20
Fe,0; 543 -8.17 0.55-11.85
FeO 0.00 0.00
K,0 0.02 -0.26 0.39-0.43
MgO 69.00 - 78.49 1.22 -56.13
MnO 0.04 —-0.18 0.01-0.2
Na,O 0.41-0.73 0.01-0.14
P,05 0.16 —0.22 0.02-0.20
SiO, 12.04 —16.10 20.87 - 60.01
TiO, 0.02 - 0.06 0.09 -0.23
Loss on ignition ' 48.47 —51.53 17.96 — 44.35
" Indicator of the organic content of the sample.

Table 3.43: Asbestos composition
[94, USA DoE, 2002]
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High temperature drying
The drying facility performs the pretreatment of aqueous paste-like wastes such as metal
hydroxide sludges or coagulated lacquer and paint sludges.

Thermal distillative drying

Solid/paste like hazardous wastes which contain considerable amounts of free or bound fluids
are treated. They are processed in order to recover solvents, to produce defined solid products or
for drying in the facility.

In addition, heat cost allocator tubes or aerosol cans may also be treated. Heat cost allocator
tubes are used for measuring heat energy consumption. They consist mainly of a glass tube and
methyl benzoate as the evaporative medium. The drying residue (cullet) of the heat cost
allocator tubes can be smelted in the corresponding steel mills or used in road construction. The
condensate from the drying process can be recycled, i.e. it is re-used for the production of heat
cost allocator tubes.

Waste IN in the treatment of specific wastes

Hydrogenation of POPs

According to the US DOE, this system can handle most types of waste, including landfill
leachates, lagoon bottoms, soils, sludges, liquids, and gases. However, US DOE has cautioned
that reaction by-products and intermediate reduction products need to be monitored in the off-
gas from both the reduction process and the boiler. US DOE also noted the need to determine
the fate of mercury and other volatile inorganics.

The process is non-discriminatory; that is organic molecules such as PCBs, PAHs,
chlorophenols, dioxins, chlorobenzenes, pesticides, herbicides and insecticides are
quantitatively converted to methane.

Supercritical water oxidation

Environment Australia reports that technology is limited to the treatment of waste that is either
liquid or that has a particle size of less than 200 um, and it is most applicable to wastes with an
organic content of less than 20 %.

Supercritical water oxidation has been applied to a broad range of materials, e.g. aqueous waste
streams, sludges, contaminated soils, industrial organic chemicals, plastics, synthetics, paints
and allied products, industrial organics, agricultural chemicals, explosives, petroleum and coal
products, and rubber and plastic products. It is applicable to the treatment of a range of
contaminants including acrylonitrile waste water, cyanide waste water, pesticide waste water,
PCBs, halogenated aliphatics and aromatics, aromatic hydrocarbons, MEK and organic nitrogen
compounds.

The solvated electron technique
Table 3.44 below shows the waste IN and waste OUT for the treatment of chlorinated waste by
the solvated electron technique.

Material treated Products Disposal options
Concentrated Biphenyl, Ca(OH),, CaCl, Landfill as salts
PCBs
PCB:s in soils Biphenyl, Ca(OH),, CaCl,, clean Return soil to ground
soil
PCBs on surfaces Biphenyl, Ca(OH),, CaCl, Collect salts and landfill
PCB/oil mixtures Biphenyl, Ca(OH),, CaCl,, oil Re-use oil. Landfill salts
Concentrated HCB | Benzene, NaCl, NaOH. Separate benzene and landfill salts
HCB in soils Benzene, NaCl, NaOH, clean soil | Separate benzene and return soil
with salt to ground

Table 3.44: Products and disposal options for the use of solvated electron technique
[100, UNEP, 2000]
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3.3.2 Consumptions of physico-chemical treatments

Waste waters

In some physico-chemical treatments, bases are necessary. In some cases, waste bases are re-
used in waste applications for neutralisation purposes. The neutralising agent used could be a
solid or liquid waste stream or a bought-in alkali, as most plants need to buy in some
supplementary alkalis. Aqueous acid containing metals, alkali and neutral wastes are common
additions and the Ph-c plants are typically designed to produce a sludge containing slightly
alkaline metal. Table 3.45 shows the consumptions of some physico-chemical treatments of
contaminated water.
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A total amount of approximately 0.4 m’ prepared chemicals are used per m’ waste
water. Table 3.46 shows the chemicals consumed and some of their consumption levels for
detoxification, neutralisation and dewatering for the removal of metals.

Chemical Consumption
Lime or sodium hydroxide for neutralisation/precipitation (NaOH 50 %) 120 I/m’ waste water
Sulphuric or hydrochloric acid for acidification (HCI 30 %) 10 I/m’ waste water

Hypochlorite (oxidation cyanide)

Tron (II) sulphate or sodium bisulphite (reduction Cr°" to Cr’")
Aluminium sulphate or chloride (flocculation)

Iron (IIT)chloride (flocculation)

Sodium sulphide (precipitation) 0.3 kg/m’ waste water
Materials for the improvement of precipitation, flocculation,
coagulation and complex destruction

Table 3.46: Chemicals consumed and some of its consumption levels for detoxification,
neutralisation and dewatering for the removal of metals from waste waters
[156, VROM, 2004]

Precipitation/flocculation
The following inorganic materials are predominantly used in precipitation/flocculation:

caustic soda

soda ash (sodium carbonate)
lime

iron (III) chloride

iron (II) chloride

aluminium sulphate
sulphides.

Synthetic flocculation materials are also used for the improvement of floc formation and
sedimentation characteristics. They consist principally of non-ionic polymers, anionic polymers,
cationic polymers and co-polymers of ionic and non-ionic compounds.

Table 3.47 shows the chemicals used for the precipitation of solute heavy metals; this
information refers to chemically pure chemicals. In practice, it may be seen that the quantities
actually required may be 10 to 20 % larger. Precipitation values for different metals are shown
in Table 3.48.

Used alkali Metal to be precipitated

(g Fe(l) | FedIl) | Cu Ni Cr Zn
CaO 100 150 88 96 162 86
Ca(OH), 134 201 116 126 213 114
NaOH 144 216 126 136 231 122
Na,CO4 190 285 168 181 307 162
MgO 73 110 63 69 117 62
Mg(OH), 105 158 92 100 169 90

Table 3.47: Theoretical consumption of alkalis in precipitation per 100g metal
[121, Schmidt and Institute for environmental and waste management, 2002]
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caustic soda solution lies below the values mentioned in the first column

Expansion of these ranges through the use of lime milk

@ pH ranges, with which the solubility of the metal hydroxide precipitation with

Expansion of these ranges through the use of soda

Table 3.48: Range of precipitation values for various metals

[121, Schmidt and Institute for environmental and waste management, 2002]

Precipitation sludge must be disposed of if recycling is not possible. Dewatering is generally
necessary. Precipitation/flocculation materials must be selected to suit the dewatering procedure
used. Sludge formed from materials containing aluminium generally display poor dewatering

characteristics.

Precipitation/flocculation is a reaction and/or a reaction combination which is essentially
dependent on the pH value. To this extent, the most significant reference parameter is the pH
value. Since the waste water produced through precipitation/flocculation is discharged into
sewerage systems, certain criteria must be met. In order to maintain these values, additional
treatment steps and procedures for the treatment of waste water follow flocculation and

precipitation.

170

Version May 2005

MA/EIPPCB/WT_Final Draft



Chapter 3

Oxidation/reduction
Redox reaction Oxidant or pH Observations
reductor
Oxidation of Sodium for CN: ~ 10 e reaction relatively quick
cyanide and hypochlorite e relatively high degree of salting up of
nitrite (NaOCl) or chlor | for NO,: ~ 3 the resultant waste water
gas (Cl,) e formation of organic materials, which
are shown as AOX (Note: the limit
value is AOX = 1 mg/l in the waste
water to be introduced into the
sewerage system)
Oxidation of Hydrogen for CN: ~ 10, e reaction relatively slow
cyanide and peroxide (H,O,) catalyst: Fe e negligible salting up of the waste water,
nitrite (II)-salts e no new formation of materials as AOX
e formation of mud, due to catalyst (Fe
for NO,: ~ 4 [-salts)
e formation of foam (in particular in the
presence of organic materials)
Oxidation of Aminosulphonic ~4 | o reaction slowed
nitrite acid (NH,SO;H) e formation of sulphates
e formation of elementary nitrogen
Reduction of Sodium hydrogen ~2 | e fastreaction
chromate sulphite e causes salting up of the waste water
(NaHSO3) e formation of mud
Reduction of sulphur dioxide ~2 | e fastreaction
chromate (SO,) e slight salting of the waste water
e slight mud formation
Reduction of Sodium dithionite | pH o fastreaction
chromate (Na,S,04) independent e leads to salting of the waste water
e formation of mud
Reduction of Iron (IT) sulphate ~3 e slow reaction
chromate or chloride e leads to the salting up of the waste
(FeSO4/FeCl,) water
e formation of mud

Table 3.49: Consumption of chemicals for redox reactions
[121, Schmidt and Institute for environmental and waste management, 2002]

Sorption (adsorption/absorption)

Table 3.50 contains information on various adsorbencies. The large area of activated carbon,
which according to this is particularly well suited for the adsorption of materials is notable.
However it must then be ensured that the material to be adsorbed (i.e. to be separated) also
reaches the inner surface of the activated carbon. It is therefore the essential task of the reactor
and plant technology to achieve an intensive contact between the material and the adsorbent to
be separated. In the treatment of material mixtures, the effect and/or efficiency of adsorbents is

determined in general by experiment.
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Characteristics
Specific surface |Micropore volumes| Macropore volume | Apparent weight
TYPE (m%/g) (ml/g) (ml/g) (g/l)

Grain carbon for water

purification 500 — 800 0.3-0.6 03-04 300 — 500
Powder carbon for

decolourisation 700 — 1400 0.45-1.2 0.5-1.9 250 — 500
Fine-pore silica gel 600 — 850 0.35-0.45 <0.1 700 — 800
Large-pore silica gel 250 -350 0.3-0.45 0.05-0.1 400 — 800
Activated alumina 300 — 350 0.4 approx. 0.1 700 — 800
Adsorbent resin 400 — 500 650 — 700

Table 3.50: Physical data of adsorbents
[121, Schmidt and Institute for environmental and waste management, 2002]

Ion exchangers

Ion exchangers Stability Regeneration substance

pH °C g/l resin

Weak-acid, cation exchanger 1-14 | 75-120 HCI: 70 — 140

ionic form: H™, PF * or H, SO 4

Strong acid, cation exchanger 1-14 ~120 HCI: ~80

ionic form: H *

Weak base, anion exchangers 1-14 | 70-100 NaOH: ~60

ionic form: OH ", C1~

Strong base, anion exchangers 1-12 35-70 NaOH: ~80

ionic form: OH ", C1~

Table 3.51: Overview of types of exchangers and their properties
[121, Schmidt and Institute for environmental and waste management, 2002]

Aqueous marine waste

Heat is required for the heating of tanks and pipelines in order to keep them frost-free, for the
preparation of chemicals, for the improvement of separation processes and for other processes.
The amount of energy consumed depends on climatic conditions. Electricity is required for
pumps, compressors and other facilities. Further differences in energy consumption may be
caused by a difference in storage capacity or the application of evaporation.

The overall consumption of energy for heat production varies from 140 to 490 MJ/m’ waste
water. The overall consumption of electricity varies from 65 to 170 MJ/m’ waste water. The
energy data include other activities such as the cleaning of vessels, which means that they are an
overestimate of the energy consumption needed for physico-chemical and biological treatment.

For several steps in the treatment, chemicals are used, e.g. alkalis, acids, flocculating and
coagulating agents, activated carbon and oxygen. The use of waste acids and alkalis reduces the
consumption of primary chemicals. In Table 3.52, some data on the consumption of chemicals
are presented.

Chemical Consumption Comments
(kg/m3 waste water)
Alkalis 2-3
Acids 0-1 Depends on the use of waste acids
Flocculating/coagulating agents 1-7
Oxygen 5 Depends on the use of air or oxygen
Activated carbon 0.04

Table 3.52: Data on consumption of chemicals in the treatment of aqueous marine waste and
similar waste
[156, VROM, 2004]
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Water is required in centrifuges and for the preparation of chemicals. The use of the effluent
from the biological treatment reduces the consumption of water.

Waste solids and sludges
Table 3.53 and Table 3.54 show consumption values from soil washing treatment plants.

Consumption Used for Value

Electrical Pumps and attrition units 15 — 25 kWh per processed tonne
of soil

Chemical Function of the treated pollution. Some 3 to 5 kg per tonne of dry sludge

chemicals (such as the floculating agents)
are usually used in all plants

Water Mainly due to loss of water with the 0.1 to 0.3 tonnes per tonne of
residual filter cake processed soil

Table 3.53: Consumptions of soil washing processes plants
[123, Perseo, 2003]

Capacity t/yr 68000
Fuel consumption MlJ/yr 0
Electricity consumption MWh/yr 900
Electricity/plant capacity kWh/t 13.235
Heat consumption MWh/yr 0
Cooling MJ/yr 0
Chemicals sodium hydroxide
anti-foaming products
polyelectrolyte

Table 3.54: Consumptions of a installation treating contaminated soil by washing
[66, TWG, 2003]

3.3.3 Emissions from physico-chemical treatments
3.3.3.1 Emissions from the physico-chemical treatments of waste waters

The physico-chemical treatment of waste waters generates a flow of decontaminated water
which corresponds to the so-called waste OUT stream of the treatment. An analysis of this
stream is given in Section 3.3.4. The following two figures (Figure 3.3 and Figure 3.4)
extrapolate flow diagrams leading to the emissions from the physico-chemical treatment of
waste waters.

) To atmosphere

Reagents H

=

N

Filter

>
Sewer or

Scrubber water

1L <>

Waste Reactor

Landfill

Figure 3.3: Main emission flows from the physico-chemical treatments of waste water
[80, Petts and Eduljee, 1994]
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Physico-chemical treatment
I

Activity Chemical reaction Solid-liquid separation
L | |
Source of * Emissions of gases Filtrate Sludge
emission * Spillages

* Uncontrolled reactions

Figure 3.4: Potential emission streams from physico-chemical treatments
Note: Some of these emissions only appear in badly operated physico-chemical treatments
[80, Petts and Eduljee, 1994], [150, TWG, 2004]

Air emissions

Some organic compounds can travel through the plant without being removed and then end up
in the final sludge or effluent, whereas others may be evaporated during the exothermic
reactions of neutralisation or during sludge pressing. Certain organic wastes contain ‘hidden’
species. For example, lubricating oils contain naphthalene, BTEX, phenols, copper and nitrogen
and can lead to ammonia and xylene emissions to the air during the oil separation from water, or
to increased levels in the final site effluent. Aqueous wastes containing solvents may be emitted
due to the heat of the process. High nitrogen wastes have a potential for ammonia emissions to
the air.

Some materials passing through the plant (typically not captured by physico-chemical
processes) are TOC/COD, dichloromethane, phenol, BTEX and naphthalene associated with the
waste water from oil pretreatment and TOC, dichloromethane, phenol, BTEX and naphthalene
associated with the waste from oil pretreatment.

The air emissions from individual plants depends on the abatement system used. Very few
plants have monitoring programmes in place that can quantify their air emissions. Air emissions
from these treatments are typically VOCs, acid gases and ammonia. Although difficult to
quantify given the lack of monitoring programmes, it can be seen that if closed treatment
vessels and air collection/treatment systems are in use, these emissions are reduced. Issues such
as the presence of low concentrations of organic solvents in the waste might not always be
picked up by WT operators, but these may be important environmentally as they could lead to
relevant emissions to the air during the process.

Air emissions may be associated with rapid pH changes, rapid temperature rises and with
vigorous agitation. Gaseous reaction products also still occur. Most installations will liberate
VOCs from the waste through a mixture of heating, agitation or sludge pressing or drying.
There is also always a possibility that reaction intermediates may be released as well. Emissions
of metals to the air can be assessed on analytical results. Evaporation also occurs in an
uncontrolled manner, such as the evaporation of solvents when mixing solids and liquids or
from the stirring of sludges in open tanks.
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Emissions of organic compounds may appear when treating mixed waste streams (for example,
from the neutralisation of acid, solvents are displaced into the vapour phase which cannot be
abated by a wet scrubber used to abate acidic emissions) or are present because its recovery is
neither technically nor economically viable (that is, as contaminants associated with wastes that
are difficult to handle are treated by other methods).

Air emission parameters | Measured annual average emission values Mass flow
(mg/Nm’) (g/h)

Flow of exhaust air 325 Nm'/t

TOC! 2.84 36 500 (534 kg/yr)

Dust 0.21 40.3 kg/yr

BTX 4.9

Benzene 2.5

HCN <0.05-0.12 0.043 - 15

H,S 0.31 15

Cl, <0.03 15

SO, 1.17 0.5

HC1 0.3 0.2

Hg 0.01 0.0034

Notes: Data based on the data from Ph-c plant operators with a total capacity of 850 kt/yr. The data correspond

to year 2001. The average age of the plants is about 17 years (ranging from 4 to 39 years). Approximately

84 % (from 73 to 91 %) of all the Ph-c plants for the treatment of accepted waste covered here can be

attributed to EWL groups 11,12,13,16 and 19.

Exhaust air emissions are in general measured intermittently. The measurements are essentially made to

monitor the processes, where contamination of the exhaust air can be expected in the intended operation, such

as evaporation or cyanide oxidation.

! Values correspond to mg of carbon

Table 3.55: Air emissions from physico-chemical treatment of waste water
[121, Schmidt and Institute for environmental and waste management, 2002], [135, UBA, 2003],
[157, UBA, 2004]

The emissions of VOC from aqueous marine waste treatments range from 0.4 to 0.6 kg/m’ waste
water if no exhaust gas treatment is applied. Biological treatment generates emissions of odour.
One of the example plants reports an average emission level of 540 million ouE/h.

Water emissions (for more information see Section 3.3.4)

Aqueous residues (if any) are generally sent to sewer. Wastes from the chemical industry, high
nitrogen wastes (maybe landfill leachates) and oil recovery/re-processing may introduce
additional species and thus need to be considered more carefully. High nitrogen wastes increase
the likelihood of a discharge of nitrous oxide. Metals, ammonia and organic chemicals are
typically present in water streams.

In all cases, the effluent consents will require protection of the sewerage treatment works from
the plant discharge, this protection is focused on COD, pH, oil content, ammoniacal nitrogen,
metal content, sulphates and sulphides, as well as dichloromethane (the most common
halogenated cleaning compound and liable to be a contaminant of wash-waters and
interceptors). The total discharge volume will usually be known.

Although precipitation techniques for metals are reasonably effective, a typical physico-
chemical process (under a trade effluent consent) may discharge between 1 — 3 tonnes of metals
to sewer annually (the actual value depends on the size of the plant and the amount and type of
waste. For example, considering the emission values that appear in Table 3.69, and without
considering Fe as a metal, a volume of waste water of 500000 m’ is necessary to reach some of
the upper levels of the range). This is associated with particulates carried over in the effluent
from the process and arising from inefficiencies in either the precipitation stage or during
settling out of the precipitated metals.
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Most sites do not have data for the chloride, total nitrogen and total phosphorus in the sewer
discharge. Rough calculations show that for sites where data are available, the emissions are
low, unless the site specialises in phosphoric acid treatment or handles high nitrogen flows.
Most sites are required to analyse for ammoniacal nitrogen so they can provide a minimum
emission value.

The process of waste waters mixed with organic material (e.g. mix of mineral oil, synthetic oil,
kerosene, interceptor waste, aliphatic hydrocarbon, aromatic hydrocarbon, alcohol, chlorinated
solvents, esters, ethers, aldehydes, ketones, fats, waxes, greases) generates around 836 kg of
waste water per tonne of waste IN and 5.5 kg of sludge per tonne of waste IN.

Emissions to water of salts, e.g. sulphates and chlorides, occur. These salts are added as
reagents and are not removed in the process of precipitation, neutralisation and filtration. This
causes the effluent to have high concentrations of these compounds.

Solid wastes and emissions to land

The sludge generated from physico-chemical treatment plants can be pressed and sent to further
treatment, pressed and mixed with other sludges (generally organic) on site or mixed with
residues from flue-gas cleaning to give a solid product (with exothermic reaction). Almost all of
the sites produce a sludge/cake, which is then commonly incinerated or co-incinerated, or in a
few cases directly landfilled.

Metal levels in the waste are well characterised, but organic contamination is not. N and P are
not typically quantified in waste and will be present in the aqueous solution.

Process generated waste Specific amount
(kg/tonne of total waste processed in the Ph-c
treatment plant)

Oil 30-90
Concentrates' 14 -40
Hydroxide sludge” 60 — 90
Mud from purification and emptying processes 10 - 50

Notes: Data based on the data from Ph-c plant operators with a total capacity of 850 kt/yr. The data correspond to
year 2001. The average age of the plants is about 17 years (ranging from 4 to 39 years). Approximately 84 % (from
73 to 91 %) of all the Ph-c plants for the treatment of accepted waste observed here, can be attributed to EWL groups
11,12,13,16 and 19.

The oil is generally recycled and the remaining substances recycled or disposed of, depending on their characteristics
and the market conditions.

! Concentrates from evaporation/stripping and membrane filtration as well as from ultrafiltration and ion exchangers.
2 The weight relates to damp mud, drained TS: ~35 — 45 %.

Table 3.56: Process generated waste from physico-chemical treatment plants
[121, Schmidt and Institute for environmental and waste management, 2002]

Waste from the Ph-c treatments arise principally from precipitation/flocculation, concentrates
from membrane filtration, evaporation or ion exchange; waste is also produced in cleaning and
draining processes, constructions and containers. The extent to which waste can be used
depends on the individual case. For example, separated oil is generally recyclable, concentrates
from membrane filtration, evaporation or ion exchange can be recycled in some cases, sludge
from precipitation/flocculation are generally disposed of, waste from cleaning and draining are
generally disposed of and disposal is usually by immobilisation or incineration.

Table 3.57 below shows the composition of sludge generated in the physico-chemical treatment
of waste waters.
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Compound Value Unit
pH 7-9
TOC 54.7 wt-%
Loss of ignition 54.7 wt-%
Hydrocarbons 30000 mg/kg
PCDD/F <0.1  |ng-TE/kg
PCB (2 6) <0.12 |mg/kg
EOX 10 mg/kg
CN total <0.1 mg/kg
As 0.2 mg/kg
Cd 2.7 mg/kg
Cr total 887 mg/kg
Cu 349 mg/kg
Hg 0.2 mg/kg
Ni 210 mg/kg
Pb 211 mg/kg
Tl 14 mg/kg
Zn 1970 mg/kg

Table 3.57: Sludge generated in the physico-chemical treatment of waste waters
[157, UBA, 2004]

The amount of sludge containing metal (filter cake) that is produced depends on the specific
contaminants in the waste water, their concentrations and on the reagents and other chemicals
that are used. The sludge quantity varies from 2.5to 10 % of the waste water input. By
replacing lime by sodium hydroxide the amount of filter cake is reduced. However, lime is
necessary for the precipitation of fluorides.

The filter cake with high concentrations of metals, e.g. nickel and copper, can be used as a raw
material in the metallurgical industry. In other cases, the filter cake is disposed of as solid waste.

Solid residues from aqueous marine waste
The generated solid residues are:

e solid residues from the decanter/centrifuge and filters (50 kg/t waste water)
e separated oil and chemical fractions (possibly suitable for re-use as fuel).

Emissions from particular physico-chemical activities

The emissions listed in Table 3.58 below can be expected to occur from most treatment plants.
The scale of the emission depends on the plant throughput and on the abatement systems
applied.
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Physico-chemical Air Water Residues/Soil
activity
Addition of solid Emissions of CO,, plus Liquid fraction is returned | The product
sodium carbonate or | other acid gases (e.g. into the treatment and precipitates out and is
addition of SO,) depending upon the | blending part of the plant. | left to cool and
sulphuric acid to initial solutions This is a tiny fraction of crystallise before being
form nickel or the main waste IN bagged and sent off for
chromium sulphate recycling
Cyanide oxidation HOCI
Fluorescent Hg and SO, The discharge is a weak
tubes/lamp sodium hydroxide
processing solution
Precipitation of Zn, Cu, Cd
metals
Silver recovery There is an unquantified Possibly high nitrogen
systems issue of ammonia, and levels in the waste
possibly SO, from
photographic chemicals
due to the high nitrogen
and sulphur levels in the
solutions.
Additionally there may
be There are additional
VOC emissions due to
bulking and transfer
processes
Treatment of Ammonia, VOC and Suspended solids, Waste typically has a
printing and potentially SO, nitrogen (mainly nitrate) high nitrogen content

photographic waste

and COD

Use of raw caustic

Hg

Unit operations

Air stripping

Ammonia and VOCs,
including organic
solvents (e.g. DCM)

Dissolved air

Sludges that are taken

flotation (DAF) from the bottom of
settlement tanks will
generally be up to 4 %
dry solids
Evaporation Normally takes place in
fully enclosed systems
but various vent valves
can result in fugitive
emissions
Filtration/pressing Ammonia and, if there is

This is a common
area for emissions
from chemical
plants

a high organic content in
the wastestreams, VOCs

Ion exchanger

The eluate of an ion
exchanger must be further
treated in the plant
according to its

composition/concentration
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Physico-chemical
activity

Air

Water

Residues/Soil

Mixing tanks

May produce a range of
emissions, partly as the
result of chemical
reactions, and partly from
heat effects reducing the
solubility of gases in
water.

Ammonia is the most
common gas mentioned
as a problem at this stage
of the process.

Neutralisation

This can be a violent
exothermic reaction with
a rapid change in pH.
Acidic acids such as CO,,
HCI, Cl,, NO,, and SO,
as well as ammonia are
emitted from the reactor
tank, together with any
contaminant volatile
materials, such as
cleaning solvents in
wash-waters. The gases
can carry liquors and
particulate matter with
them

Typical components are
chloride, phosphorus,
nitrogen and metals

Typical components
are chloride,
phosphorus, nitrogen
and metals

Organic splitting of

Generally smaller

emulsions quantities of mud
(filter cakes) develop
in organic splitting
than with acid splitting
Oxidation/reduction The salination of the
waste water is process-
dependent
Settlement Emissions to the air are Sludges that are taken

possible but unlikely

from the bottom of
settlement tanks will
generally be around
0.5 — 1.0 % dry solids
content

Sludge management
(e.g. pressing or
sludge storage)

VOCs as fugitive
emissions.
Gases from solution

Solvent extraction

Solvents as fugitive
emissions.

Significant potential for
emissions on transfer and
emergency releases

Solvents

Stripping

Emissions are trapped in
the areas provided in the
Ph-c plant

Table 3.58: Emissions from physico-chemical treatment processes applied to waste water
[55, UK EA, 2001], [56, Babtie Group Ltd, 2002], [121, Schmidt and Institute for environmental
and waste management, 2002]
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3.3.3.2 Emissions from the physico-chemical treatment of waste solids and
sludges

The emissions listed in Table 3.59 below can be expected to occur from most treatment plants.
The scale of the emission depends on the plant throughput and on the abatement systems

applied.

Physico-chemical Air Water Residues/Soil
activity
Filtration/pressing | Ammonia and, if there is a high
organic content in the
wastestreams, VOCs
Buildings for Emissions via roof vents.
immobilisation Emissions occur during transfer
mixing from the mixing pit to removal off-
site; and via access doors from
spillages/leaks during charging of
the reaction vessels
Sludge blending Particulate matter and VOCs,
particularly if an exothermic
reaction occurs
Sludge VOC:s as fugitive emissions.
management (e.g. Gases from solutions
pressing or sludge
storage)
Solidification There is a potential for particulate
emissions from this operation
Automated VOC, dust odour during the
charging of waste transfer of wastes and reagent
Reaction vessel Emission occur due to the reaction | Leakage through Leakage through badly
of incompatible substances. badly maintained or | maintained or damaged
Uncontrollable reactions due to damaged equipment | equipment
incorrect dosing of reactants or the
formation of hot spots through
poor mixing
Reagent silo Dust arises from the overfilling of
reagent silos.
Also fugitive dust emissions from
silo connections and dust from
reagent stockpiles stored loose

Table 3.59: Emissions from physico-chemical treatment processes applied to solids and sludges
[55, UK EA, 2001], [S56, Babtie Group Ltd, 2002]

The fugitive emissions from material handling operations for ex situ processes are often
overlooked or ignored, but they may represent a significant fraction of the total emissions from
the soil treatment.

Emissions from soil excavation and removal activities

VOC emissions from handling operations in soil excavation and removal result from the
exchange of contaminant-laden soil-pore gas with the atmosphere when soil is disturbed, and
from some diffusion of the contaminants through the soil. There are several potential emission
points involved in excavation; all are considered to be fugitive area sources. For excavation, the
main emission points of concern are emissions from:

e cxposed waste in the excavation pit
e material as it is dumped from the excavation bucket, and
e waste/soil in short-term storage piles.
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In addition, the earth-moving equipment will involve additional sources of emissions of VOC,
particulate matter, nitrogen oxides, etc. It is known that large amounts of VOCs may be released
from soil during handling, so VOCs are typically the emissions of most concern. Emissions of
particulate matter and associated metals and semi-volatile compounds may be of concern at
particular sites.

Given the frequency with which the excavation of contaminated soils is carried out, surprisingly
little air emission or emission rate data for excavation have been published.

However, some measured emission rates for two sites for combined excavation and dumping
operations are available and quote figures as high as 4 g/min for specific compounds. Here,
most of the VOCs present in the soil was stripped from the soil during excavation, based on a
comparison of measured total emissions versus the mass of these same contaminants in the soil
(calculated from soil concentration data). This was true for both sites, despite differences in soil
concentrations and soil type.

Activity Sludge Exposed surface | Cg, hydrocarbon | Cg, emission flux
volume area emission rate (g/mZ/s)
(m’) (m’) (g/s)
Sludge disturbance 25-27 45 - 125 1.33 0.01 -0.03
Sludge excavation 26 —48 125 - 261 7.76 0.03 — 0.06
Sludge dewatering 1.7 33 1.24 0.38
Post-disturbance 26 91 1.11 0.01

Table 3.60: Results of emission measurements
Based on [30, Eklund, et al., 1997]

The magnitude of volatile organic compound (VOC) emissions depends on a number of factors,
including the type of compounds present in the waste, the concentration and distribution of the
compounds, and the porosity and moisture content of the soil. The key operational parameters
are the duration and liveliness of the handling, and the size of equipment used. The longer or
more energetic the moving and handling, the greater likelihood that organic compounds will be
volatilised. The larger the volumes of material being handled per unit operation, the lower the
percentage of VOCs that are stripped from the soil, because the surface area to volume ratio is
minimised.

Soil containing benzene or other volatile carcinogens would likely pose a large risk to on-site
workers and the surrounding populace if it were to be excavated.

The magnitude of emissions from soil handling operations will vary with the operating
conditions. The rate of excavation and dumping, the drop height, the amount of exposed surface
area, the length of time that the soil is exposed, the shape of the storage piles, and the dryness of
the surface soil layers will all influence the levels of VOC emissions. Add-on control
technologies are available for minimising emissions, but these are relatively ineffective and
costly to implement compared with the controls for point sources.

Emissions from thermal desorption

Air emissions from thermal desorption systems are influenced by the waste characteristics, the
desorption process applied, and the emissions control equipment used. The air emissions
associated with thermal desorption come from several sources. The point sources of air
emissions vary widely with each process. The stack of an afterburner vents combustion
products, as does a fuel-fired heating system if the combustion gases are not fed into the
desorber. A fuel-fired heating system typically operates with propane, natural gas, or fuel oil. If
the VOC emission controls consist of a baghouse, scrubber, and vapour phase carbon adsorber,
the off-gas will contain small concentrations of the original contaminants, as well as the
products of any chemical reactions that might occur. The volume of off-gas from a thermal
desorption unit depends on the type of processor. Table 3.61 below gives some values for
emissions from thermal desorption.
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Flow of gases Pollutants that may be
(Nm’/h) contained
Direct heating 17000 — 85000 VOC
Indirect heating 1700 — 8500 VOC

Table 3.61: Emissions from direct and indirect heating thermal desoption

[30, EKlund, et al., 1997]

Various types of thermal desorption systems can produce up to nine residual process streams:
treated soil, oversized media rejects, condensed contaminants, water, particulate control dust,
clean off-gas, phase separator sludge, aqueous-phase spent carbon, and vapour- phase spent
carbon. Off-gases from indirectly heated units, i.e. thermal screws, can be treated with smaller
chemical/physical systems, such as a baghouse or a condenser, followed by an afterburner.

Pollutant

From

Fugitive emissions

excavation of contaminated soil

classifier, feed conveyor, and the feed hopper

components of the thermal desorption system and controls
exhaust gases from the heating system, treated soil, particulate
control dust, untreated oil from the oil/water separator, spent
carbon from liquid or vapour phase carbon adsorber, treated
water, and scrubber sludge

Particulate matter, nitrogen
oxides (NO,), carbon monoxide
(CO) and acid gases

Combustion and pyrolysis

Dioxins, furans and phenol

Table 3.62: Generic emissions from thermal desorption

[30, EKlund, et al., 1997]
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Parameter Initial Final Removal efficiency Typical off-gas
concentration ' concentration ' characteristics
(ppm) (ppm) (%) stack concentration
PM 700 — 1000 mg/Nm®
Benzene 0.11-39.5 <0.01 - 0.06 84.5-99.9 4.3 — 8.6 ppm
Toluene 0.27-2 <0.01-0.1 n/a 0.6 — 0.8 ppm
m,p-Xylenes <0.8-3 02-1.2 <75 0.42 - 3.5 ppm
0-Xylenes 3.1-15.6 <0.01 99.7-99.9
Total Xylenes 13.1 0.1 99.2
Ethylbenzene 0.11 <0.01 >90
THC 39 —393 5.7-9.5 85-97.5 129 — 2800 ppm
VOC 0.045 —2.27 kg/h
Diesel 1875 <1 >99.9
Naphthalene 5136 — 6757 pg/Nm’
Acenaphtylene 634 — 901 ug/Nm’
Acenaphthene 317 — 638 pg/Nm’
Fluoranthene 405 — 763 pg/Nm’
Phenanthrene 385 — 645 ug/Nm®
Anthracene <1.4-427 pg/Nm’
Fluoranthene 24 — 135 pg/Nm’
Pyrene 32— 111 pg/Nm’
' Based on two or three installations depending on the parameter.
2 Based on two installations. Emission control equipment consists of a wet scrubber and cyclonic demister. ppm
values refered to dry conditions
The VOC emissions from asphalt aggregate dryers will vary by several orders of magnitude depending on
whether afterburners are used as a control device. These treatment systems typically do not employ VOC
controls, unless they have been modified for soil remediation.
A company has estimated the typical emissions for soil treatment in a modified asphalt aggregate dryer. This
system consists of a direct-fired rotary drum operating at 290 — 540 °C. A primary cyclonic tube collector and
pulse-jet baghouse are used to control particulate emissions. A thermal oxidiser (i.e. an afterburner) destroys
organic compounds in the oft-gas stream (99 — 99.99 % efficiency). Based on a processing rate of 32 — 54 t/h.

Table 3.63:

[30, EKlund, et al., 1997]

Characteristics of inputs and outputs of asphalt aggregate dryers

Contaminant | Units | Residence | Temperature Initial Final Rate of |Estimated
time ©C) concentration | concentration | uncontrolled | emissions

(minutes) emissions rate

(g/h) (g/h)
PCBs ppm 19 550 37.5 2 1.14 5.68e-02
ppb 40 560 260 0.018 0.00832 | 4.16e-04
ppb 19 560 236 0.018 0.00755 3.78e-04
2,3,7,8-TCDD | ppb 10.5 560 266 0.018 0.00851 4.26e-04
ppb 24 460 233 0.5 0.00744 | 3.72e-04
ppb 5.6 550 48 0.084 0.00153 7.67e-05
ppb 20 555 56 0.23 0.00178 8.92¢-05

Overall estimated efficiency is 95 %

Table 3.64: Estimated emissions of selected compounds for the clean-up of PCB contaminated soil

using a thermal desorption process

[30, EKlund, et al., 1997]

Emissions from vapour extraction of solid waste
The air emissions associated with vapour extraction systems come primarily from the stack.
Additional releases of volatile organics may occur from the treatment of any contaminated
water that is extracted. Fugitive emissions are considered negligible due to the negative pressure
throughout most of the system.
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Emissions include untreated volatile organics from the extraction process. A removal and
subsequent emission of semi-volatile organic compounds will also occur, though less efficiently
than for VOCs. There may also be smaller amounts of air emissions associated with the control
system. Due to the variety of technologies used for vapour treatment, stack emissions may also
include some products of incomplete combustion, NO,, particulate matter, CO, and acid gases.
Of primary concern, however, are the volatile organics emitted from the point sources. Air
emission data for several vapour extraction systems are summarised in Table 3.65.

No. of systems Parameter Units Range or value | Approximate
surveyed average

Flowrate per well m’/min 02-8 2

13 Removal kg/day 0.9-113 27
Exhaust gas concentration |ppmv 20 —350 100
Total flowrate m’/min 0.1 - 161 23
Treatment: n° systems
e none 9

17 e carbon 6
e catalytic incineration 1
e combustion 1
Removal rate kg/day 2-195 45
Total flowrate m’/min 0.7-318 62

17 Pollutant concentration ppmv 150 — 3000 400
Control efficiency % 90 -99 95

Table 3.65: Emissions from vapour extraction systems
[30, Eklund, et al., 1997]

The emission rate of VOC compounds over time from continuously operated vapour extraction
systems tends to show an exponential-type decay curve.

Peak controlled stack
Pollutant Peak uncontrolled stack emissions ' emissions >

(g/h) (g/h)
Trichloroethylene (TCE) 1712 17.1
trans-1,2-Dichloroethylene (DCE) 99.4 0.99
1,1,1-Trichloroethane (TCA) 13.6 0.14
Tetrachloroethylene (PCE) 3.18 0.03
TOTALS 1830 18.3

"'Uncontrolled emissions based on the removal rate of each contaminant
? Based on estimated 99 % overall control efficiency for two carbon adsorption canisters in series

Table 3.66: Estimated emissions for an in-situ vacuum extraction system
[30, EKlund, et al., 1997]

Emissions from soil washing

In the soil washing process, the greatest potential for emissions of volatile contaminants occurs
in the excavation, materials handling, feed preparation, and extraction processes. The waste
streams also have the potential to be sources of VOC emissions. The solvent recovery process
involves vaporisation of the solvent, so fugitive emissions are possible from this as well as from
other stages of the solvent process. Waste streams also have the potential to be sources of VOC
emissions if any VOCs are already present in the waste stream. For solvent extraction processes,
emissions of the solvent itself also may be a cause for concern.

Storage areas need to be kept under specific control to avoid pollution dispersion, especially of
dust. For liquid effluents, the plants are always equipped with a water-slurry treatment unit,
where the water is sent before being discharged.
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Soil washing generates four waste streams: contaminated solids separated from the wash-water;
waste water; waste water treatment sludge and residual solids; and air emissions.

Water parameter Concentration (mg/l)
Suspended solids 60
BOD; 25
COD 350
Nitrit N (NO,-N) 10
P, total 2
Cr, total 0.3
Cu 0.5
Hg 0.005
Ni 0.3
Pb 0.3
Zn 2
Residues generated by the process’
Sludges Mineral sludges
Other residual fractions Particle PAHs and metal oxides
" The subsequent fate of these residues are reported to be landfill

Table 3.67: Emissions from an installation treating contaminated soil by washing
[66, TWG, 2003]
Note: Capacity of the installation is 68 kt/yr

Emissions from solvent extraction
Up to five waste streams may result from the solvent extraction process: concentrated
contaminants; solids; waste water; oversized rejects; and treated air emissions.

Solvent extraction units will be of a closed-loop design in which the solvent is recycled and re-
used. Typically, solvent extraction units are designed to produce negligible air emissions, but
some solvents have been detected in the off-gas vent system. In addition, significant levels of
emissions (both vapour-phase and particulate matter) may occur during waste preparation
activities such as excavation and materials handling.

Emission from treatments of FGT waste

The main environmental concern related to handling, utilisation and disposal of combustion
wastes is the potential emission of heavy metals, organic pollutants and salts. The main
pathways for this are by leaching and by airborne dust emission. As airborne emissions can be
controlled relatively easy, leaching is an environmentally more important issue. It should also
be noted that hydrogen gas generation from FGT waste by contact with water has been
documented and can potentially cause considerable problems. Its generation is dependent on
intermediate FGT waste storage and the type, design and operation of the landfill that it may be
developed.

Emissions from stabilisation methods

Several of the stabilisation methods have an initial washing step, where a major part of soluble
salts and, to some extent, metals are extracted before chemical binding of the remaining metals.
These methods are finalised by dewatering the stabilised product, which will then be ready for
landfilling. Then, washing solid waste generates a waste water that needs some sort of treatment
because of the content of some components. However, depending on the local authorities, such
generated waste water may be discharged into the environment or treated in the chemical
industry to recover some salts (e.g. sodium salts).

Emission from asbestos treatments
The fibrous nature and the size of the fibres are the main parameters that makes asbestos
dangerous. During treatment some emissions may be generated.
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3.3.3.3 Emissions from the treatment of specific wastes

Hydrogenation of POPs

At a Canadian facility, product gas was found to contain no detectable PCBs, while
concentrations of total chlorobenzenes and dioxins were similar to those of the blanks. This
suggests that the product gas did not contain quantifiable levels of these substances. When the
product gas was burned in the steam reformer, dioxins were emitted from the reformer stack at a
concentration of 15 pg TEQ/Nm’. This dioxin formation was attributed to the use of PCB
contaminated air from the site of the reformer’s combustion air.

All outputs from the destruction of PCB contaminated waste using this process can be contained
and tested. There are no uncontrolled emissions from the process which could result in releases
of PCB contaminated air, solids, or liquids to the surrounding environment. Releases of PCBs to
the environment could only occur during waste handling prior to treatment, where the
possibility of spillage exists.

Because the reaction takes place in a reducing atmosphere in the absence of oxygen, the
possibility of dioxin and furan formation is said to be eliminated. If the hydrogen (dry basis)
content is maintained at percentages greater than 50 %, the formation of PAHs is prevented.

Type of waste Destruction efficiency (%) DRE (%)
PCB oils 99.999808 — 99.9999996 99.9999985 — 99.9999997
chlorobenzenes 99.9999836 — 99.9999972 99.9999842 — 99.9999985
Dioxins present in PCB oils 99.999 —99.9999

Table 3.68: Reported destruction efficiency of hydrogenation processes
[100, UNEP, 2000]

If either the product gas or the ambient air used as combustion air for the boiler or similar units
contains hydrogen chloride or other chlorinated species, dioxins may be generated during their
combustion. In order to meet the fundamental technical criteria for POPs destruction, both the
product gas and combustion air must be treated to remove such chlorine donors and so prevent
dioxin formation.

Care is required to avoid high rates of gas generation, which could over-pressurise systems. The
process has a limited surge capacity: over-pressurisation could therefore result in the release of
waste material.

During typical operations, 30 to 50 % of the product gas is burned as fuel for the boiler or other
auxiliary units.

Residues generated by the process include product gas from the reactor, scrubber water and
sludge from product gas treatment, and small quantities of grit from the reactor. The product gas
is either catalytically reformed to recover hydrogen or burned as fuel in one or more of the
auxiliary systems — the boiler, catalytic reformer and/or sequencing batch vaporiser.

Hydrogenation of PCBs and POPs

All emissions and residues are captured for assay and reprocessing, if needed. Destruction rates
ranging from 99.9 to 99.99999 % have been reported at sites operating on a commercial scale in
Australia.

Supercritical water oxidation

Process residues are usually contained and consist of water, gas (less than 10 ppm of CO and
very low amounts of oxides of nitrogen, acid gases such as hydrogen chloride or sulphur oxides
and particulates) and solids if the waste contains inorganic salts or organics with halogens,
sulphur or phosphorus. Residues generated during the process such as ash and brine require
disposal.
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3.3.4 Waste OUT from physico-chemical treatments
Much of the waste OUT from these processes goes to landfilling.

Waste waters

The essential mass flow from Ph-c plants is the waste water, corresponding to about 85 to 95 %
of the mass of the waste accepted for treatment. The waste water quality of Ph-c plants is
regularly monitored by the supervisory authorities and within a framework of self-monitoring.
Due to this monitoring activity, extensive data are available on the composition of waste water
from Ph-c plants.
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Water emission Ranges values of the annual average values Ranges of annual

parameters (ppm) charge (kg/yr)
pH 6.9-10.4
Electric conductivity 1150 — 13500 pS/cm
Transparency (view depth) 10 —47 cm
Suspended solids <0.5-32 <0.6

<0.1-2.1 ml/l

TOC 2200 — 3800 38061
BOD 5—2490
cop' 200 — 17870
Hydrocarbons <0.1-19.8 89
Detergents (anionics) 0.6 —14.8
Mineral oil 5-10
Phenol index 0.8 —25 317
AOX <0.01-0.7 9
EOX <0.1-0.5
BTX <0.1-1.2 10
Cl 3975 —35420
Cl free <0.1-0.3
CN <0.1-0.6 <1
CN free <0.01 -0.1
F 0.5-8.6
N - organic 109 — 440
N - total 8.4-590
NH;-N 22 —1330
Nitrate-N 0.9-472
Nitrite-N 0.90-10.2 38
P - total <0.1 —14.75
Sulphate 65— 3630
Sulphide 1012
Sulphide free <0.1-0.77 <1
Al <0.1-5 63
As <0.01-0.1 <0.1
Cd 0.0004 — 0.1
Co <0.1
Cr total 0.05-0.3 3.8
Cr (VI) <0.01-0.1 <1
Cu <0.1-04 2.5
Fe 0.2 -20 253
Hg 0.0001 — 0.02 <0.02
Mn <0.1-2.7
Ni 0.05-14 3.8
Pb <0.02 - 0.7 <1
Se <0.1-0.5
Sn <0.1-04
Zn <0.1-3.9 12
Notes: Ranges have been constructed from several sets of emission data provided. A data set is based on the data
from Ph-c plant operators with a total capacity of 850 kt/yr. The data correspond to year 2001. The average age
of the plants is about 17 years (ranging from 4 to 39 years). Approximately 84 % (from 73 to 91 %) of all the
Ph-c plants for the treatment of accepted waste covered here, can be attributed to EWL groups 11,12,13,16 and
19. Another set corresponds to 20/80 percentile of the annual average values for some Ph-c plants, and another to
measured minimum/maximum values found in demulsification plant treatment (data from 1994 — 1999)
! Some data relate to THE dissolved COD fraction and other correspond to the total COD

Table 3.69: Waste OUT from the physico-chemical treatment of contaminated waters
[121, Schmidt and Institute for environmental and waste management, 2002], [134, UBA, 2003],
[150, TWG, 2004], [156, VROM, 2004], [157, UBA, 2004]
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Outputs of lacquer treatment facility are shown in Table 3.70 below:

Material Amount (t/yr) Composition (mg/kg)
Dried material 10000 PCB <0.05
BTEX 104.8
As <1
Cd 6.7
Cr total 77
Cu 905
Hg 0.25
Ni 43
Pb 339
Tl <0.5
Cyanide total 6200
Organic process water 2000 Cd <0.5
Hg <0.5
Zn 1.7
Solvent reclaim 13000

Table 3.70: Waste OUT of physico-chemical treatment of contaminated water treating mainly
lacquer coagulum and solvents
[135, UBA, 2003]

Table 3.71 shows the emission levels achieved after a polishing step of the effluent, e.g. by sand
filtration or ion exchange filters.

Compound Concentration (mg/l waste water)
(24 hour samples)
Free cyanide 1.0/0.2
Halogenated VOCs 0.1
Mineral oil 200 (random sample)
Ag 1.0/0.1
Cd 0.2
Cr (total) 1.0/0.5'
Cr(VI) 0.1
Cu 2.0/0.5
Ni 2.0/0.5
Pb 2.0/0.5
Sn 3.0/2.0
Zn 2.0/0.5
Tstandards for discharged load of metals (Cr, Cu, Ni, Pb and Zn) <200
g/day and >200 g/day

Table 3.71: Emission levels achieved after a polishing step of the effluent, e.g. by sand filtration or
ion exchange filters
[156, VROM, 2004]

Waste solids and sludges

The final material after stabilisation/solidification will have a similar composition of metals and
organic content as the original waste. However, the final material has a reduced toxicity and
solubility of metals and organic compounds compared to the original waste.

The annex of the Landfill Directive (EC 33/2003) contains the criteria and procedures for the
acceptance of waste at landfills. The criteria contain some limit values for hazardous waste
acceptable at different types of landfills. These are based on leaching limit values and restrict
some metals, some anions and organic compound parameters.
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Water permeability of stabilised waste depends on many parameters (e.g. nature of the waste,
nature and amount of added reagent, aimed objectives) so permeability values may vary from
107 to 10 my/s.

Immobilised bottom ash/slag

In general, there are several possibilities employed for the re-use of bottom ash, after treatment.
When the slag values do not meet defined parameters, a slag re-use with defined technical safety
measures is possible. Some examples of re-use options are described below and are shown in
Table 3.72:

e used in road and street construction. The bottom ash is used as a solid base for at the
construction of, e.g. parking places, airports and harbour areas. However, there is a need for
an impermeable layer which coaches over the bottom ash layer to avoid leaching, this can
be asphalt or perhaps concrete

e used in soil constructions, e.g. road embankments or noise protection walls. It is important
that the area where bottom ash will be used has to be a hydrogeologically favourable land.
This means that there has to be a layer of 2 meters of clay or loam which protects the
groundwater from adverse effects. Furthermore, there has to be a mineral surface which is
impermeable (d >0.5 m and k; <10 m/s)

e used in important water management zones and in hydrogeologically sensitive areas and is
subject to exception for individual case inspections.

Recycling paths of treated bottom ash/slag %
Anti-freeze course 27
Filling material 22
Ballast substructure 11
Improvement of land 9
Base frame/dam construction 5
Land consolidation 5
Noise protection wal 3
Landscaping 1
Unbound street and road construction 1
Others 16

Table 3.72: Recycling paths of the mineral fraction of treated bottom ash in Germany
[150, TWG, 2004]

The following Table 3.73 and Table 3.74 below characterise the important bottom ash
parameters after a physico-chemical treatment process.

Metals | Minimum Average Maximum
As 0 0.074 —-0.15 0.187
Cd 0.0008 0.0037 —-0.01 0.0167
Cr 0.067 0.172 -0.6 0.726
Cu 0.150 0.6 —6.826 29.781
Hg 0 0.01 -0.07 0.37
Ni 0.023 0.165 —0.6 0.661
Pb 0.19 1 —1.222 4.063
Tl 0

Zn 0.470 1.5 —2.970 14.356
Units: in g/kg, except Hg that is in mg/kg

Zero in this table means below analysis detection limit

Table 3.73: Metal composition of treated bottom ash after treatment (solid analyses)
[89, Germany, 2003], [150, TWG, 2004]
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Chemicals Minimum Average Maximum
Cl 29

Sulphates 43

CN total 0

Phenol index 0

As 1.3 5.3 16.1
Cd 0 0.8 5
Cr 0 15.2 200
Cu 0 60.7 300
Hg 0 <0.2 1
Ni 0 2.9 40
Pb 0 114 59.0
Tl 2

Zn 0 194 300
Units in pg/l

Zero in this table means below analysis detection limit

Table 3.74: Eluate analysis of bottom ash quality after treatment
[89, Germany, 2003], [150, TWG, 2004]

Waste OUT from a classical soil washing unit

Generally, soil washing units produce recycled materials suitable for the construction industry
(concrete producers, asphalt plants) or as refilling materials after internal quality control and
external control have been carried out on the specific properties of the materials (to ensure
compliance with local regulations)

Different fractions can be distinguished:

e coarse fraction: gravels which can be calibrated in several ways. These are basically formed
by fine gravels measuring 2 — 20 mm and coarse gravels measuring 20 — 80 mm

e sand fraction: consist of sand generally sized from 60 um to 2 mm

e residual organic fraction (>60 um): these fractions are incinerated or sent to an appropriate
landfill

e fine residual fraction (filter cake <60 um): usually this is sent to a special landfill with or
without additional treatment (e.g. inertisation, stabilisation) or may be sent for a further
treatment if required (e.g. thermal desorption, classical incineration).

Capacity (t/yr)
Waste IN 68000
Waste OUT 50500
e sand 36000
e gravel 13000
e fines 1500

Table 3.75: Waste OUT of a installation treating contaminated soil by washing
[66, TWG, 2003]

Waste OUT from excavation

Excavation has been found to decrease the soil moisture content and the dry bulk density of the
soil. Data show that the water content fraction decreases by 35 % to 56 % and the dry bulk
density of the soil decrease by 13 %.

Waste OUT from thermal distillative drying

The dry residue of the treatment of aerosol cans is separated into steel and waste aluminium
before smelting. These metal fractions fulfil all acceptance criteria of the steel mill operations.
The condensates from the drying process consist of complex solvent mixtures that may only be
used thermally or have to be incinerated. When unused faulty aerosol cans are treated, it may be
discussed in advance with the producer if recycling of the contained solvents is also possible.
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Waste OUT from a CFC treatment plant
Table 3.76 below shows the specification of the products achieved by the cracking of the CFC
solvents.

Parameters Unit Target Actual value
Water content ppm <50 34
Oil content ppm <100 60
Amine content ppm <100 10
Acid ppm <1 0.03
Halogens vol-% <0.1 0.004
PCB and PCT vol-% 0 0
Information from a CFC distillation plant of Figure 2.11 shown in
Section 2.3.5 This interconnection treatment facility converts CFCs
into hydrochloric acid and hydrofluoric acid.

Table 3.76: Specification of CFC cracked products
[147, UBA, 2003], [150, TWG, 2004]
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3.4 Emissions and consumptions from waste treatments

applied mainly to recover the materials from waste
[6, Silver Springs Oil Recovery Inc., 2000], [13, Marshall, et al., 1999], [14, Ministry for the
Environment, 2000], [29, UK Environment Agency, 1996], [41, UK, 1991], [42, UK, 1995], [56,
Babtie Group Ltd, 2002], [66, TWG, 2003], [86, TWG, 2003], [96, Straetmans, 2003], [125, Ruiz,
2002], [129, Cruz-Gomez, 2002], [147, UBA, 2003], [150, TWG, 2004], [156, VROM, 2004], [157,
UBA, 2004]

This section contains the emissions and consumptions of treatments mentioned in Section 2.4.
The following sections (Sections 3.4.X) details information available to site WT operators from
their current recording systems and highlights areas where emissions are likely to occur. The
structure of each of the following sections in this section is the same as the one followed in
Section 2.4. Emissions associated with ancillary treatments, e.g. transfer station operations, are
covered in Section 3.1.

3.4.1 Waste IN treated to obtain a recycled material

When the aim is to obtain useable materials and not just material to be disposed of, the
treatment given to each type of waste will typically be very specific, and will target the
conversion of the waste into the useable end-product required.

Waste oils

Oils have many uses, e.g. they are used as a fuel, as lubricants, as a heat transfer medium, as
cutting fluids, and as hydraulic fluids. Each has its own specification, usually based upon the
hydrocarbons occurring within a specific boiling point range from the distillation of crude oil.
Oils that need to be stable at high temperatures will not include large quantities of low boiling
point hydrocarbons, whereas, oils used as fuel are more likely to include these lower boiling
point hydrocarbon mixtures.

Before marketing, most base oils produced in mineral oil refineries are blended with a variety of
additives to give them the required properties. Typical additive packages comprise between
5 and 25 % of the base oil. However, probably at least half of the additive package is base oil
used as solvent. Lubricating oils contain large numbers of additives, but the actual formulae are
in most cases trade secrets. Data on the components and additives in new oils are given in the
Safety Data Sheet which accompanies fresh products as supplied, however precise details of the
formulations are company proprietary. Hydraulic oils contain very few additives.

Some general classes of additives have been identified and are shown in Table 3.77 below. The
information is not specific, but suggests that a number of metal additives, some chlorinated
organic compounds, aromatic hydrocarbons, phenolic compounds and different kinds of
polymers are used.

Additive Compounds used

Anti-corrosion Zinc dithiophosphates, metal phenolates, fatty acids and amines

Anti-foam Silicone polymers, organic copolymers

Anti-oxidant Zinc dithiophosphates, hindered phenols, aromatic amines, sulphurised phenols

Anti-wear Zinc dithiophosphates, acid phosphates, organic sulphur and chlorine
compounds, sulphurised fats, sulphides and disulphides

Detergent Metallo-organic compounds of sodium, calcium and magnesium phenolates,
phosphonates and sulphonates

Dispersant Alkylsuccinimides, alkylsuccinic esters

Friction modifier

Organic fatty acids, lard oil, phosphorus

Metal deactivator

Organic complexes containing nitrogen and sulphur amines, sulphides and
phosphites

Pour-point depressant

Alkylated naphthalene and phenolic polymers, polymethacrylates

Seal swell agent

Organic phosphates, aromatic hydrocarbons

Viscosity modifier

Polymers of olefins, methacrylates, di-enes or alkylated styrenes

Table 3.77: Types of additives used in lubricants

[67, DETR, 2001]
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Additives need to be retained in the oil over its whole useful life. This means that even if the
individual substance would be expected to be driven off at normal engine operating
temperatures, there must be another additive incorporated that binds it within the oil
formulation.

This requirement to keep additives in circulation, and to keep breakdown products in circulation
to increase the longevity of the oil, creates one of the discussion points for emissions of waste
oil. Although a number of components are solid at ambient temperatures and could be expected
to settle out of the oil and into the sludge layer, dispersants in the oil will tend to keep them
within the oil layer. Larger solids are taken out of the engines by the oil filters.

During use, the composition of the oil will charge markedly, due to the breakdown of the
additives, the formation of additional products of combustion and unburned fuels, the addition
of metals from wear and tear on the engine and from the breakdown of the base oil itself.

Large treatment sites recognise that there will be a range of species in waste oil and thus screen
the incoming waste for flashpoint, metal and chlorine levels; whereas smaller sites will typically
just accept the oil waste. There is a distinct shortage of analysis data for incoming wastes,
although the screening activities of a few sites show that industry anticipates high metal levels
and contamination by flammable solvents, giving a measurable flashpoint.

Used oils collected by high volume users can be more tightly controlled and may hence be more
consistent in composition.

Type of waste Comment
containing waste oils
Oil filters No specific analysis has been found but these are known to contain waste

engine oils plus the residues of larger sized solids formed in the engine
and that have been trapped in the filter. In addition, there is the plastic
and metals of the filter. Metals tend to go for recycling

205 litre steel drums Waste oil and steel
25 litre drums Waste oil and plastics
Bulk used engine oil Used engine oil is the main wastestream processed at waste management

licensed sites. Most of the emissions will be due to this material

Table 3.78: Type of waste containing waste oils
[56, Babtie Group Ltd, 2002]

There are no comprehensive analyses available of the waste oils entering oil treatment plants.
Instead the next couple of tables (Table 3.79 and Table 3.80) show the data gathered on the
chemical components that typically exist in the different types of waste oils. It is not expected
that in reality all waste oils will be covered by the lower or top ends of the ranges mentioned in
these two tables.
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Waste oil Concentration range Origin/comments
components (ppm)
Al 4-1112 Bearing wear or engine
Alkyl benzenes 900 Petroleum base oils
Aromatic 14 - 30 w/w-% For used motor oil, these arise from the lubricant base oil
compounds
Aliphatic 65.4 w/iw-% N-alkanes are about 0.4 % waste oil, but the distribution is
compounds slanted towards the longer molecules that are less likely to
evaporate:
e tetralin 0.0012 %
e dodecane 0.014 %
e tridecane 0.014 %
e octadecane 0.07 %
e nonadecane 0.2 %
Antifreeze
As <0.5-67
Ash content 0.4—0.64"
Ba 50 - 690 Detergent additives, additive package
BTEX 300 —700 A composite analysis shows a high level of short chain
hydrocarbons (benzene (0.096 — 0.1 %), xylenes
(0.3 - 0.34 %), toluene (0.22 — 0.25 %)), with boiling points
below 150 °C.
Ca 900 — 3000 Detergent additives
Cd 0.4-22
Chlorine in used oils arises from:
e contamination (either accidental or deliberate) with
Cl 184 — 15007 chlorinated solvents and transformer oils, both of which
are now more closely controlled
e lubricating oil additives
o the lead scavengers added to leaded gasoline
e itisused as a cold-flow additive
37 dichlorodifluoromethane
Chlorinated 6300 trichlorotrifluoroethane
hydrocarbons 18 — 2800 trichloroethanes
18 —2600 trichloroethylene
3-1300 perchloroethylene
used oils can have a significant, but variable, chlorine
content, including organochlorines as PCB,
dichlorodifluoromethane, trichlorotrifluoroethane, 1,1,1-
trichloroethane, trichloroethylene, tetrachloroethylene. They
may be formed chemically during the use of contaminated
oil
Cr 2-289 Engine wear
Cu <11-250 Bearing wear
Engine blowback 8 — 10 w/w-% Absorbed gas, gasoline and diesel fuel. A variety of ‘thermal
breakdown products’ are also included in the composition of
waste oil
Fe 100 — 500 Engine wear
Halides Up to 500
Heavy Arise from polymerisation and from the incomplete
hydrocarbons combustion of the fuel
Hg 0.05-<11
Light 5-10 w/w-% A certain amount of unburned fuel (gasoline or diesel)
hydrocarbons dissolves in the oil and also arise from breakdown of the oil

Lubricant base oil

Up to 95 w/w-%

Major components are aliphatic and napthenic hydrocarbons
and/or olefin polymers (e.g. polybutenes and poly-alpha-
olefins in some lube base oils). Smaller amounts of aromatic
and polyaromatic hydrocarbons are also present. The heavy
metal content is less than 500 ppm. Phenols may be present
at a few ppm

MA/EIPPCB/WT_Final Draft

Version May 2005

195




Chapter 3

Waste oil Concentration range Origin/comments
components (ppm)

Metals such as Al, These originate from the lube oil additives, engine wear and

As, Ba, B, Ca, Cd,| Up to 10000 combined [foreign sources. They appear in waste oils as additives within

Co, Cr, Cu, Fe, lubricating oil, from wear and tear on engines and with

Hg, K, Mg, Mn, machining oils. Additives (particularly the metals) typically

Na, Ni, P, Pb, Sb, remain in the oil after use

Si, Sr, Ti, V, Zn

Mg 100 — 500 Detergent additives

Ni 10 Engine wear

Naphthalenes 9.7—-470—2300"  |From base oils

Nitrogen From the addition of nitrogen compounds

compounds

Non — lubricant Used oil often becomes contaminated by all kinds of

related materials, usually because of bad collection/segregation.

compounds Materials that may appear are brake fluid and antifreeze,
vegetable oils, cigarette packets, solvents, etc.

P 6 — 1000 Anti-oxidant/anti-wear additives

PAH 30.3-204 —<1000* [The aromatics also include a huge range of PAHs in
concentrations of up to 700ppm for an individual species.

Sum of 26 individual |They appear from base oils and from incomplete
PAHs represented 0.17 %|combustion. Examples are benz(a)anthracene (0.87 —
of the oil or 1.2 % of the | 30 ppm), benzo(a)pyrene (0.36 — 62 ppm), pyrene
aromatic fraction (1.67 - 33 ppm), naphthalene (47 ppm), biphenyl (6.4 ppm)
and also chlorinated polyaromatics

PCB <0.5-11-<50 Under the Waste Oil Directive, the maximum content of
PCB allowed in used oils to be treated for disposal is
50 ppm. It occurs due to contamination with transformer oils

Pb 81200 Leaded gasoline/bearing wear

Up to 14000 when leaded
gasoline is used

S 0.1 —2.8 w/w-% From base oil and combustion products.

Sediments 0.5 -2 w/w-% Soot and sediment from the combustion chamber, free metals
and dirt. Sediment formation is aggravated by the mixing of
used oils from several manufacturers’ additive packages, and
collection sources

Si 50-100 Additives/water

Sn Trace amounts Bearing wear

Tl 0.1

\ 300 From base oil

Water 5-10 w/w-% Combustion

Zn 6 — 4080 Anti-oxidant/anti-wear additives

Note: Additions of figures cannot be made to fit perfectly because they correspond to different sets of data.

Both parameter limits are average values

1
> Up to 8452 ppm in collected used oil due to contamination with chlorinated solvents and sea salt from ship slops
> Upto30%

*  When three numbers appear in a range, the middle number corresponds to the average

Table 3.79: Indicative list of components present in used oils

[4, Langenkamp, 1997], [5, Concawe, 1996], [6, Silver Springs Oil Recovery Inc., 2000], [14,
Ministry for the Environment, 2000], [37, Woodward-Clyde, 2000], [S6, Babtie Group Ltd, 2002],
[42, UK, 1995], [150, TWG, 2004]

Used industrial oils

A variety of oils are used in industry including soluble oils and some halogenated oils, although
these are becoming less common. Oil is used as hydraulic oil, as lubrication, as a heat transfer
medium, as an electrical medium and as a cutting fluid.
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Soluble oils/machining oils are very common, but there is no information so far about their
composition. Many of these industrial oils undergo intensive in-house recycling to extend their
useful life, and the majority of any metal contaminants associated with grinding operations are
removed by in-house systems and recovered. In the absence of other data, the following
assumptions have been made:

e these oils are used in open systems. Their formulations do not include very low boiling
point/volatile hydrocarbons because of the fire risk and health risks during use and the need
to retain the product characteristics during use. They are agitated during use, and take away
excess heat from machining surfaces, thus in operation they are heated above the ambient
temperature. Therefore, VOC emissions during waste treatment are typically very small

e the metal content will vary considerably from source to source. The main metals worked
with will be copper, zinc, nickel and chromium.

Concentration Reason

Cadmium 50 % of Cadmium is currently being phased out from the manufacture
concentration in
lubricating oil or
0.000155 %
Chromium 100 % of Common: typically used at the same level as in engine oil
concentration in
lubricating oil or
0.0028 %
Copper 100 % of Common: typically used at the same level as in engine oil
concentration in
lubricating oil or

0.025 %

Lead 0 No particular reason to machine this

Naphthalene | 0.0042 % No data at all, naphthalene is in all oils, but would expect the
formulation to have the lowest amount possible (taken from
fuel oil n°6 content) because it would be a solid at room
temperature and does not seem to add anything chemically
useful to the formulation

Nickel 0.0028 % No data for lubricating oils

PCB Found in transformer coolant oils

Xylenes 0.22 %

Zinc 50 % of Common machining component, but zinc appears to be a major

concentration in | additive in lubricating oils
lubricating oil or
0.029 %

Table 3.80: Estimated metal concentrations in industrial waste oils
[56, Babtie Group Ltd, 2002], [86, TWG, 2003]

Electrical oils are specialist oils which undergo a laundering process, so very little waste arises
from them. The main concern with these oils is the risk of PCB contamination. Typically waste
treatment facilities do analyse for PCBs.

Oily water from interceptors

Most waste from interceptors comes from car parks and vehicle service areas. It is, therefore,
reasonable to assume that it is similar in content to used engine oil but will contain additional
silt, possibly vehicle tyre wear particles, fuel combustion products and road making tars. Spilt
fuel will also be collected at the interceptor, but any materials that are capable of evaporating to
the air at ambient temperatures will have done so before the interceptor waste is collected.

A proportion of oil interceptors arises from manufacturing sites and collected waste industrial
oils. These will have far lower concentrations of combustion products, but might have higher
metal concentrations, depending on the industrial application.
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Waste solvents
Waste solvents may be generated in the following industrial sectors:

paints, coatings and paint removers
inks

chemical and pharmaceutical industry
film production

production of synthetic fibres

rubber, plastic and resin solutions
solvents for degreasing

solvents for dry cleaning

for agriculture products

aerosol cans and dispensers.

The wastes that are considered as solvents correspond mainly to EWL codes 07, 08, 09 and 14.
The final code corresponds to a category especially devoted to organic solvents. There are four
main classes of solvent mixtures which make the solvent unusable in its present state and this
promotes its recovery. These are:

e mixture with air. This usually occurs when the solvent has been used to dissolve a resin or
polymer which is laid down by evaporating the solvent. Recovery from air can pose
problems because the solvent may react on a carbon bed adsorber or be hard to recover from
the steam used to desorb it

e mixture with water. Whether this arises in the solvent-based process or in some part of the
recapture of the solvent, it is very common to find that the solvent may be contaminated
with water. Removal of water is a simple matter in many cases but in others it is so difficult
that restoration to a usable purity may prove to be uneconomic. It should always be borne in
mind that the water removed in the course of solvent recovery is likely to have to been
discharged as an effluent and its quality is therefore important

e mixture with a solute. A desired product is often removed by filtration from a reaction
mixture. The function of the solvent in this case is to selectively dissolve the impurities
(unreacted raw materials and the products of unwanted side reactions) in a low viscosity
liquid phase, with a very low solvent power for the product. The choice of solvent is often
limited in such cases, but significant improvements in the solvent’s chemical stability can
sometimes be found by moving up or down a homologous series without sacrificing the
selectivity of the solvent system. A less sophisticated source of contamination by a solute
occurs in plant cleaning, where the solvent power for any contaminant is of primary
importance but where water miscibility, to allow cleaning and drying to take place in a
single operation, is also an important property

e mixtures with other solvents. A multi stage process such as that found typically in the fine
chemical and pharmaceutical industries can involve the addition of reagent dissolved in
solvents and solvents that are essential to the yields or even to the very existence of the
desired reaction.

Vegetable waste oils
Cooking oils from restaurants and hotels.

Waste catalysts
The spent catalysts that may be regenerated ex-situ are:

Metal catalysts
For example, platinum-alumina reforming catalysts which can be regenerated by the removal of

carbonaceous deposits from the catalyst surface using a carefully controlled combustion
procedure, followed by platinum redispersion and rechloriding of the catalyst support).
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Noble metal catalysts

These can be regenerated by removing the coke deposits to successfully restore the activity,
selectivity, and stability performance of the original fresh catalyst. Coke deposits are removed
by controlled combustion.

Base metal catalysts

Hydroprocessing catalysts can be regenerated using different methods such as regenerative
oxidation treatment to remove coke (ex-situ regeneration) or redispersion of the metals in the
case of poisoning by the sintering of metals.

Zeolites

These can be regenerated relatively easily by using methods such as heating to remove adsorbed
materials, ion exchanging with sodium to remove cations, or a pressure swing to remove
adsorbed gases. However, they are not regenerated ex-situ because the structure is, in most
cases, damaged and depending on the application the pores can be contaminated with heavy
metals or other catalyst poisons.

Waste activated carbon

Most industrial plants tend to send their spent carbon off-site for regeneration by a large
centralised carbon manufacturer. Quantities of spent carbon from industrial sources (textiles,
refinery products, carpet mills, plastic industry, phenolic resins, herbicides, explosives,
detergents, solvents, dyes), whilst reasonably substantial, do not approach those obtained from
potable water purification. From discussions with various carbon regenerators, it appears that
water treatment provides the single largest source of spent carbon. Activated carbon adsorption
systems can be used for a wide variety of applications, and can potentially contain a cocktail of
adsorbed pollutants. The contaminants found in spent activated carbons are typically:

chlorine

COD/BOD

pesticides

bulk organics imparting colour, taste and/or odour (i.e. humic acids)
general organics such as phenol

metals such as iron, aluminium, cadmium and mercury

inorganic elements such as calcium and phosphorus

dyes (cause of colour)

detergents

phenols

explosives (only in material that comes from the manufacture of explosives).

Activated carbon products are basically available in three forms: extruded activated carbon,
granular activated carbon, and powder activated carbon. The last form is not regenerated.

Waste ionic resins

A large proportion of resins sold worldwide are used in water treatment (i.e. water softening).
The remaining balance is divided between chemical processing, extractive metallurgy, and food
and pharmaceutical processing.

Operating ion exchange resins may concentrate toxic ions such as chromate and cyanide, or
heavy metals. Due to the predominance of water applications, they may also contain pesticides,
chlorine, phenol and inorganic elements such as calcium, sodium, manganese and phosphorus.

Conventional ion exchange resins are bead-shaped, and behave as plastic ball bearings when
handled. They contain ion-active sites throughout their structure, have uniform distribution of
activity, and can usually resist breakages resulting from handling, or from osmotic shock (i.e. a
rapid change in solution environment). Most beads are sold in the 40 um to 1.2 mm size range.
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Treatment of liquid photographic waste

Parameter Concentration (mg/l)

Hydrocarbons 6000 emission in evaporation step (colour
photo processing waste)

EOX 10

Respiration inhibition 5%

Metals (Zn, Ni, Pb, Cr, Mo) 50

Ag 50/100 black and white/colour photo
processing waste

Cd 1.0

Cu 25

Hg 1.0

Table 3.81: Acceptance criteria for desilvered photographic liquid waste and similar waste waters
(with the same processing path)
[156, VROM, 2004]

3.4.2 Consumptions of waste treatments to obtain a recycled material

Consumptions in the re-refining of waste oils
Other than transportation, the main operating overhead relates to the generation of steam for
heating waste oil.
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Process

Compounds used within the process

Consumptions (values in kg/tonne of
waste oil if not otherwise specified)

Acid/clay process

Sulphuric acid as a precipitate agent of
heavy metals.

Clay as a filtration/neutralisation agent 36
Pretreatment of Demulsifiers to help in the settling
waste oil process
Distillation/clay Clay 40
process
Propane de- Consumption of energy is higher than
asphalting (PDA) in the regeneration by chemical
treatment or by hydrogenation
Thin film evaporator | Clay 60
(TFE) + clay process
TFE + Hydrogen and catalysts
hydrofinishing
TFE + solvent Solvent
extraction
TFE + chemical Energy 3.2 MJ/kg of used oil
treatment + solvent Caustic 10
extraction Solvent 0.3
TFE + solvent Hydrogen catalyst 0.25
extraction + hydro- Mohawk chemical 12
finishing Hydrogen gas 2
TDA (thermal de- Clay 100
asphalting) + clay
treatment
TDA + Catalyst 0.5
hydrofinishing (high
pressure)
PDA (propane de- Propane 8.25
asphalting) + hydro
finishing (medium
pressure)
With thermal clay Fossil energy resources 4.26 MJ/kg of used oil
treatment
With hydro-finishing | Energy 9.93 MJ/kg of used oil
Vacuum distillation Fossil fuel consumption 47 kg eq crude oil
+ chemical treatment | Primary energy 2681 MJ
Water consumption 3300
Regeneration process | Fossil energy resources 42.46 MJ/kg of oil
Caustic soda and Caustic soda 30
bleaching earth Bleaching earth 20
treatment (ENTRA)
Direct contact Hydrogen 70 Nm'/t
hydrogenation Catalyst 0.5
(DCH)

Table 3.82: Consumptions of different waste oil re-refining techniques
[6, Silver Springs Oil Recovery Inc., 2000], [7, Monier and Labouze, 2001], [11, Jacobs and
Dijkmans, 2001], [13, Marshall, et al., 1999], [56, Babtie Group Ltd, 2002], [86, TWG, 2003], [150,

TWG, 2004]

Table 3.83 gives the consumptions for the re-refining of part of the waste oil to base oil which
can then be re-used as lubricating oil, together with the regeneration of the remaining waste oil

to fuel oil.
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Consumptions Units
Economics
Capital investment expenses for treatment plant 4.85 (36) |EUR (DKK) millions
Maintenance 0.094 (0.7) | EUR (DKK) millions per year
Operation period 20 years
Labour input 10 number of persons
Resources used
Chemicals 291.5 tonnes
Water 8000 m’
Electricity 1150 MWh
Fuel oil 1200 m’
Base: 26000 tonnes yearly collected waste oil to base oil (8000 tonnes), fuel oil (12000 tonnes) and asphalt (4000
tonnes)

Table 3.83: Consumptions of waste oil re-refining activities
[12, Birr-Pedersen, 2001]

Figure 3.5 depicts a block diagram showing a comparison between the inputs and outputs of
different re-refining processes.
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Figure 3.5: Inputs and outputs of the re-refining treatment

Note: a) TDA/HF, b)TDA/PDA/HF, ¢)TFE/clay treatment, d)TFE/solvent, ¢) DCH

HF = Hydrofinishing. % represents the amount that goes in that stream based on 100 % used oil
entering the system

[36, Viscolube, 2002], [86, TWG, 2003], [150, TWG, 2004]

Table 3.84 shows the consumptions of the TDA system and the TDA combined with a PDA.
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Traditional TDA/HF system
Consumption and utilities PF |TDA HF Total Unit
Electrical consumption 1.5 12 20 33.5 kWh
MP steam 285 322 |70 677 kg
Cooling water (make-up)” 1.1 5 0.3 6.4 tonne
Fuel (absorbed heat) / 670 |711 1380 MJ
Hydrogen / 2.1 2.1 kg
Catalysts / 0.2+0.05? 0.2+0.05”  [tonne
Propane make-up kg

High recovery system

Consumption and utilities PF |TDA HF PDA Total Unit
Electrical consumption 1.5 12 20 13 46.5 kWh
MP steam 285 322 |70 135 812 kg
Cooling water (make-up)” 1.1 5 0.3 4 10.4 tonne
Fuel (absorbed heat) 670 |711 920 2300 MJ
Hydrogen 2.1 kg
Catalysts 0.2 +0.05? 0.2 +0.05? [tonne
Propane make-up 0.8 0.8 kg
" Based on 10 % evaporation losses
@ Demetalisation catalyst + Refining catalyst
Note: Consumption based upon 100 kt/yr waste oil capacity, considering 10 % water contents. All the parameters are
expressed in unit/tonne of waste oil.
HF: hydrofinishing, PDA: Propane de-asphalting, TDA: Thermal de-asphalting, PF: Pre-flash, MP: medium pressure

Table 3.84: Consumption values of the TDA system and the TDA combined with a PDA processes
[66, TWG, 2003], [150, TWG, 2004]

Capacity t/yr 2001 4600 6824 | 15000 | 17171 | 19960 | 46208 90500
Fuel Gl/yr 19146 | 33486 | 40671 | 54751 | 16705 | 405883
consumption

Electricity MWh/yr 345 225 1200 1380 2024 655 9215
consumption

Heat MWh/yr 157 0 | 15208

consumption

Water m’/yr 617 80000 | 9848 9929 1557 | 407000 | 2213000
Cooling MJ/yr 44000

Electricity/Plant | kWh/t 172.4 489 | 175.8 92 117.9 32.8 | 1994

capacity

Heat/Plant kWh/t 78.5 885.7

capacity

Table 3.85: Consumptions from different waste oil re-refining plants in the EU

[66, TWG, 2003]

Consumptions of the regeneration of waste solvents
Table 3.86 shows consumption data for two facilities operating in the EU. Other data reported
energy consumptions lower than 1 GJ/tonne.

Consumption parameter Units

Capacity kt 12 27.5
Gas fuel Gl/yr 19651

Fuel consumption Gl/yr 31628
Electricity MWh/yr 1571 2984
Water m’/yr 19000 40776

Table 3.86: Consumptions of two regeneration treatment of waste solvents
[66, TWG, 2003], [130, UBA, 2003]
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Consumptions of regeneration of spent catalysts
Table 3.87 shows an overall material balance for an example regeneration. Almost 375 t of
catalyst was recovered for re-use.

Overall material balance Values in kg
As received material 620982
Inert support 27099
Unregenerated dust and fines 9569
Total unregenerated feed to regenerator 584314
Shorts from length grading and regenerated dust and fines 37191
Loss on ignition 172143
Net regenerated catalyst 374980

Table 3.87: Mass balance in a commercial regeneration of CoMo catalyst
[125, Ruiz, 2002]

Consumptions in treatment of solid photographic waste

The electricity consumption for shredding, washing/rinsing and electrolysis amounts to
100 to 300 kWh/t film waste. Depending on the process of desilvering, auxiliary materials are
used. These are shown in Table 3.88.

Desilvering with bleach-fix Desilvering with iron chloride
Sodium hydroxide (20 %): 6 1/t film | Iron chloride (40 %): 11 1/t film
Sulphuric acid: 6 1/t film Hydrochloric acid (36 %): 8 I/t film
Sodium bisulphite: 12 I/t film Sodium sulphite: 12 1/t film

Hydrogen peroxide (35 %): 4 1/t film

Table 3.88: Used amounts of auxiliary materials for desilvering film waste
[156, VROM, 2004]

Consumptions in the treatment of liquid photographic waste

Consumption of energy

The required electricity for electrolysis ranges from 12 to 46 kWh/t photographic liquid waste.
The electricity consumption is dependent on the iron content. For bleach-fix, the consumption is
higher due to the higher iron content. The ultrafiltration requires approximately 27 kWh, and
13 MJ/t liquid waste for the heating of the rinse-water. The electricity consumption of chemical
removal of silver is estimated on 3.5 kWh/t liquid photographic waste.

The energy consumption for evaporation is approximately 220 MJ/t waste water. If evaporation
is also applied as a pretreatment, in the case of colour photo processing waste water, the energy
consumption is approximately 350 MJ/t waste water. The required electricity for
electroflocculation, in the case of extra desilvering, is approximately 80 kWh/t waste water.
Further physico-chemical and biological treatment requires approximately 5 kWh./t waste
water.

Consumption of chemicals
Table 3.89 shows the consumption of chemicals for sulphide precipitation/ultrafiltration of
photographic liquid waste.

Chemical Consumption Function
(kg/t photo processing waste)
Sodium sulphide (40 %) 0.1 Precipitation of silver (and other metals)
Citric acid 0.7 Cleaning of the membranes
Sodium hydroxide 0.01 Cleaning of the membranes
Detergents 0.01 Cleaning of the membranes
Water 75 Cleaning of the membranes

Table 3.89: Consumption of chemicals for sulphide precipitation/ultrafiltration
[156, VROM, 2004]
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For chemical removal of silver, the consumption of chemicals is estimated at 1.5 sodium
borohydride and 2.5 sulphuric litres per tonne of photographic liquid waste.

In the physico-chemical treatment of desilvered photographic liquid waste, several chemicals
are used. The consumptions are shown in Table 3.90. If evaporation is applied as a pretreatment,
practically no chemicals are consumed in the following treatment steps. Most contaminants
have already been removed in the evaporation step.

Chemical Consumption Comments
(kg/t waste water)
Sodium hydroxide (33 %) 0.007
FeCly 0.003
Powder carbon 0.5
Flocculant 5 In the case of desilvering
Na,S (40 %) 15 In the case of desilvering

Table 3.90: Consumption of chemicals in the treatment of desilvered photographic liquid waste
[156, VROM, 2004]

3.4.3 Emissions from waste treatments to obtain a recycled material
3.4.3.1 Emissions from the re-refining of waste oils

In order to evaluate emissions from the re-refining of waste oils several issues need to be
considered:

e waste lubricating oils contain shorter chain organics than new lubricating oils and therefore
VOC:s are likely to be relevant

e sulphur and chlorine are known ‘problem’ compounds found in waste oils

e aromatic compounds are more polar in general than aliphatic molecules and are therefore
more likely to be present in the aqueous phase.

The oil processing sector has a narrow range of operations and is the most likely to respond to a
generic method of calculating emissions if the oil constituents can be identified. The following
detail the different pollutants and media where they can be found. Some tables have been
constructed to focus on the pollutants (Table 3.91 and Table 3.92) whereas others focus on the
activities that may lead to pollution (Table 3.93).
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Species

Air

Water

Waste and soil

Organic compounds

Benzene

yes - some data, but
difficult to apportion
between air/water/land

yes - some data, but
difficult to apportion
between air/water/land.
Polar compound

yes - some data, but
difficult to apportion
between air/water/land

Ethyl benzene (VOC) No data available yes (as BTEX) yes (as BTEX)
Toluene yes - some data, but yes - some data, but
difficult to apportion difficult to apportion
between air/water/land | between air/water/land
Xylenes yes - some data, but yes - some data, but yes - some data, but
difficult to apportion difficult to apportion difficult to apportion
between air/water/land between air/water/land | between air/water/land
VOCs yes - some incomplete BTEX in particular are
data, but difficult to polar molecules, but
apportion between also volatile, and are
air/water/land. Lower present in the aqueous
chain alkanes likely to phase and/or evaporated
go to air. to the air
Since used oil usually
contains light ends such
as gasoline, VOCs may
be emitted from storage
(from the tank and their
associated pipework) for
every process
considered. The
behaviour of oils
undergoing heating and
agitation generates
VOCs emissions
Naphthalene Some data available Some data available
Biphenyl Limited data, may not Limited data
be relevant
Phenol Not air emissions Relevant but no data Relevant but no data

expected because too
soluble in oil and water

Sulphur and nitrogen

The gradual increase in

Found in used oil sludge

compounds sulphur and nitrogen
additives in lubricating
oils may require sites to
monitor for these
PCBs and chlorinated Solvents and lighter Used oil sludge

solvents: Identified as
present in some
analyses

compounds are removed
in the dewatering.
Naphtha and light
distillate cuts are
typically distilled off
upstream of the main
processing facilities. If
the hydrocarbon streams
are fed to a hydrotreater,
the chlorides may be
removed
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Species

Air

Water

Waste and soil

PAHs. These used to be
a problem in re-refined
base oils. However,
recent tests indicate that
it is possible to remove
PAHs in the
regeneration process of
modern plants, thus
avoiding the
accumulation of PAHs.
PAHs are destroyed by
severe hydrogenation
which also removes
nitrogen, sulphur,
metals and chlorides

PAHs are unlikely to be
discharged to the air
during the oil treatment
processes. They are not
volatile compounds, and
their position as an air
carcinogen is due to
them being released as a
combustion product
from fossil fuels.
Potential for PAH
emission may be during
the processing of oil
filters. Most filters are
crushed at some point,
producing a fine oil
mist. There may be a
hood and an exhaust
vent, but this is a
potential mechanism to
deliver PAHs to the air
and the oil in oil filters
have a larger
concentration of
particulate matter and
hence PAHs. This may
not be of significant
importance, as it is the
smaller particles that are
more likely to form an
air discharge.

The behaviour of oils
undergoing heating and
agitation may generate
PAHs emissions.

Relevant but no data

The heavy PAHs in the
regeneration plants end
up in either the residue
stream and/or the
asphalt blends. The
lighter ones remain in
the Iube oil cuts.

Also possibly found in a
used oil sludge.
Relevant but no data

Other air pollutants

CO, from many
combustion processes

Odour

Odour has been
identified as an
important problem in re-
refining installations

Typically water and waste parameters

Total nitrogen

Nitrogen and
phosphorus additives

Nitrogen and
phosphorus additives

Total phosphorus Nitrogen and Nitrogen and
phosphorus additives phosphorus additives
TOC Calculated from COD Not available except as
as 1/3 of COD calculated from oil
content, but this will be
too low (or COD)
Chloride Additives in oil and salt | Additives in oil and salt
on roads on roads
Oil The oil itselfis a visual | Used oil sludge
pollutant when it floats
on water, and drinking
water is rapidly tainted
by the taste of oil
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Species

Air

Water

| Waste and soil

Metals

Metals

The metals from
regeneration processes
are mostly in the residue
cut. The volatile metals
are removed by the
hydrotreatment guard
reactor if they are
hydrotreated. Also
possibly found in used
oil sludge

Arsenic

Not expected

Some data available

Some data available

Cadmium

Not expected

Some data available,
but being questioned

Some data available,
but being questioned

Chromium

Not expected

Some data available

Some data available

Copper

Not expected

Limited data

Limited data

Lead

Not expected

Some data available,
but being questioned

Some data available,
but being questioned. In
the re-refining options,
lead ends up in the
heavy residues which
results in it being
‘locked up’ in a bitumen
product

Manganese

Not expected

Nickel

Not expected

yes, but no data

yes, but no data

Zinc

Not expected

Some data available

Some data available

Table 3.91: Common emissions from waste oil treatment plants
[5, Concawe, 1996], [6, Silver Springs Oil Recovery Inc., 2000], [14, Ministry for the Environment,
2000], [56, Babtie Group Ltd, 2002], [86, TWG, 2003]

The following Table 3.92 reflects how the components of the waste oil distribute emissions to
air, sewer and products. As can be seen, most of the contaminants remain in the recovered oil.
The main exception to this is VOCs, where there is a possibility of their transfer to the air, with
the amount depending on the type of oil and whether the oil is heated during treatment.
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Input substances Hot processing Cold processing
Air Products | Water Air Products | Water

Benzene 0.6 0.3 0.1 0.2 0.7 0.1
Toluene 0.3 0.7 0 0.1 0.9 0
Xylenes 0.1 0.8 0.1 0.9 0.1
Naphthalene 1 1
Biphenyl 1 1
Benz(a)anthracene 1 1
Benzo(a)pyrene 1 1
Heptane 0.2 0.8 1
Octane 0.1 0.9 1
Nonane 1 1
Decane 1 1
Undecane 1 1
Arsenic 1 1
Cadmium 1 1
Chromium 1 1
Copper 1 1
Lead 1 1
Nickel 1 1
Zinc 1 1
Note: Figures correspond to the share distribution of substances in output streams. E.g. for each kg
of benzene entering into the hot processing, 0.6 kg ends up as an emission to the air, 0.3 kg goes
into the oil and 0.1 kg into the waste water. 1 means that all the input goes to that output

Table 3.92: Matrix for allocating input species to air, oil and water streams for hot and cold

processes

[56, Babtie Group Ltd, 2002]

Point source emissions

Activity/Plant To air To water To disposal
Filter shredding Oil mist
Magnetic separation Oil mist
drum emptying/shredding Oil mist
Tanker unloading Tank venting
Coarse straining Oil mist
Bulk storage Tank venting. Settled water (via Settled sludge
Very few tank vents treatment)
are linked together.
Tank vents will
discharge the ‘air’ that
the tank contains when
it is displaced during
tank filling. This
emission is unlikely to
carry significant
pollution unless the
tank contents have
been heated or agitated
Cold oil settling Tank venting Settled water (via Settled sludge
treatment)
Hot oil settling Tank venting Settled water (via Settled sludge
treatment)
Vibrating sieve Mist and vapour Sludge
Enclosed filters Used elements and
sludge

Bauxite towers

Spent bauxite

Vacuum dehydration

Vapour (via scrubbers)

Product blending

Tank venting
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Pumped sludge Tank venting

storage/decanting

Cold effluent settling Tank venting

Hot effluent settling Tank venting

Biological effluent treatment | Aeration air

Filter press Filter cake
Plate separator Effluent Settled sludges
Mechanically handled Mixed solid wastes
sludge/solids storage and

loading

Waste oil fired boiler Stack emissions

Old interceptor waste Since it usually comes

from paved surfaces
where it has already
been exposured to air,
it will probably have
already emitted all that
it is capable of
emitting to the air at
this stage unless it is
heated during
treatment

Many sites have an accidental spillage of oils to the site base during unloading, or during the storage or transfer
of materials on the site. The site base is usually designed to retain liquid spills and to return these to the plant,
but there will be some evaporation in the air

Table 3.93: Principal emission sources at oil recycling premises
[56, Babtie Group Ltd, 2002], [150, TWG, 2004]

The following table identify emissions to air, water and solid waste generated for each type of
waste oil treatment. In some cases, the emissions are quantified with data in the table.
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Emissions (values in kg/tonne of WO if not otherwise specified)

Process Air Water Soil and residues
Oil separation from | Could produce a | Could produce a Could produce a range of other
water stream range of other | range of other emissions such as metals, naphthalene,

emissions such as
metals,

emissions such as
metals,

naphthalene, naphthalene,
additional toluene, xylenes
nitrogen, toluene, | and PAHs
xylenes and PAHs

toluene, xylenes and PAHs

Laundering. Closed
loop recycling of
industrial oil

From the oil
recovery process
the emission is 20

Waste water

Laundering can be considered as a closed
loop system because it generates very
little (if any) waste oil.

— 40 mg/m’ VOCs The contaminated filter sludge contains

whilst heating. 20 — 30 % oil. This waste stream is

262 kg VOC was reprocessed with quicklime and made

released against suitable for co-combustion in a cement

100 mg/Nm” and kiln.

10 t/yr limits The acceptability of one technique,
which used a clay known as’fuller’s
earth’ to remove contaminants, is waning
as conditions for disposal to landfill
become more stringent. The technique is
still used in New Zealand, but disposal of
the contaminated clay is likely to become
an issue.

Releases to land are: filter cake which
includes solids and metal fines (<100 t/yr
against a consent limit of 600 t/yr) and in
some cases chlorinated solvent sludges.
80 — 85 % of drums are recycled while
the others are scrapped

Recla