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Executive Summary

EXECUTIVE SUMMARY

This document is developed primarily to assist in the determination of best available techniques
(BAT) under Directive 96/61/EC concerning integrated pollution prevention and control [20,
European Commission, 1996]. The concept of BAT under IPPC takes into account the likely
cost and benefits of measures as well as aiming to protect the environment taken as a whole to
avoid creating a new and more serious environmental problem when solving another. BAT in a
general sense is determined by stakeholder groups (technical working groups — TWGs) and is
presented in a series of BAT reference documents (BREFs). BAT in BREFs serves as a
reference point to assist in the determination of BAT-based permit conditions or for the
establishment of general binding rules under Article 9 (8).

Article 9 (4) requires that permit conditions shall be based on BAT but taking into account the
technical characteristics of the installation concerned, its geographical location and the local
environmental conditions. Recital 18 furthermore leaves it for the Member State to determine
how these local conditions can, where appropriate, be taken into consideration. Where there is a
need to determine which option provides the higher level of protection to the environment in
such local situations, the “cross-media” methodologies set out in this document may also help in
this determination.

Some of the core principles of the Directive are discussed in this document insofar as they relate
to taking account of the economic aspects of BAT and taking the environment as a whole
(cross-media effects).

Chapter 1 - General information on economics and cross-media effects. This chapter
discusses the terminology used in the Directive and explains the issues that are addressed in this
document. Subsequent chapters set out a number of guidelines which may be used together or in
combination to assist decision making relating to the determination of BAT. It is envisaged that
the guidelines help to resolve differences in opinion as to BAT decisions by bringing structure
to the discussion.

The purpose of the Directive is to achieve the integrated prevention and control of pollution
arising from the industrial activities listed in Annex 1 of the Directive. The Directive lays down
measures designed to prevent or, where that is not practicable, to reduce emissions to the air,
water and land from these activities, including measures concerning waste, in order to achieve a
high general level of protection of the environment taken as a whole. One of the principles of
the Directive is that installations are operated in such a way that all appropriate preventive
measures are taken against pollution, in particular through application of the Best Available
Techniques (BAT).

The definition of BAT in the Directive and the principles that have to be taken into account are
discussed.

Chapter 2 - Cross-Media guidelines. In order to determine BAT, there is a need to select the
technique that is the most effective in achieving a high general level of protection of the
environment taken as a whole. To achieve this in practice, there are likely to be instances where
it will not be clear which technique offers the highest level of protection. Where this is the case,
there may be a need to carry out an assessment to identify which technique is ‘best’. Chapter 2
on cross-media effects sets out the methodologies that should help to determine this.

The chapter sets out four guidelines which can lead the user through the process of determining
which out of a choice of techniques is the best environmental option.

Guideline 1 sets out the information that is necessary to scope and identify the alternative
techniques under consideration.
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Guideline 2 addresses the compilation of an inventory of the emissions from each of the
alternative techniques and of the resources that they use. Such an inventory can be an important
precursor to apply subsequent guidelines.

Guideline 3 sets out the steps necessary for estimating the environmental effects. There will
usually be a range of emissions, discharges or resources used by the alternative techniques
under consideration, and this guideline looks at ways of expressing the environmental effects so
that comparisons can be made between the alternatives. Calculations are described that allow a
wide range of pollutants to be expressed so that they can be compared and collated into 7
environmental themes; human toxicity, global warming, aquatic toxicity, acidification,
eutrophication, ozone depletion and photochemical ozone creation potential. The guideline also
considers the evaluation of energy use and the production of waste.

Guideline 4 describes the way in which the environmental themes that have been estimated in
Guideline 3 can be interpreted. It details how different environmental effects can be compared
and how the user can come to a decision as to which of the alternatives offers the highest
general level of protection for the environment as a whole.

By following the guidelines in the cross-media chapter, the user should be in a better position to
determine which option offers the highest level of protection for the environment. Carrying out
the methodology also allows the user to set out the justification in a logical way so that the
findings can be audited and validated at any point.

Chapter 3 - The costing methodology. The Directive also requires that the likely costs and
benefits are taken into consideration when determining BAT. In order to determine the costs, a
costing methodology is set out in Chapter 3. A further 5 guidelines are presented that allow the
user to set out the costs transparently, so that the options can be validated, audited and compared
in an equitable way.

Guideline 5 is analogous to guideline 1 in the cross-media methodology, in that it requires the
user to scope and identify the alternative options.

Guideline 6 sets out the steps that are necessary for the user to gather and validate the cost data.

Guideline 7 requires the user to define which costs are being collated in the evaluation. This will
require the identification of those costs that relate to investment expenditure and those that
relate to operating and maintenance costs. In this guideline disaggregating the costs into as
much detail as possible is preferred, so that they can be audited and validated more easily.

Guideline 8 sets out the steps that are necessary to process and present the cost information.
Methodologies are described for dealing with exchange rates, inflation, discounting, and for
calculating annual costs.

Guideline 9 discusses which costs should be attributed to environmental protection.

Chapter 4 - Evaluating the alternatives. Once the environmental effects have been established
from Chapter 2, and the costs have been established from Chapter 3, there needs to be some way
of comparing them. This chapter looks at ways of expressing cost effectiveness and at how the
environmental benefits from implementing a technique can be valued. This can be useful as it
allows the economic cost of implementing a technique to be balanced against the environmental
benefit that it delivers. This can help clarify whether or not implementing a technique represents
value for money in terms of environmental benefit.
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Chapter 5 - Economic viability in the sector. In the Directive definition of BAT, “available”
includes a requirement that techniques that are determined to be BAT are those that are
‘developed on a scale which allows implementation in the relevant industrial sector, under
economically and technically viable conditions’. This chapter sets out a framework for assessing
economic viability. Within this framework, the critical issues that need to be considered are the
‘Industry Structure’, the ‘Market Structure’, and the ‘Resilience’ of the sector.

Where it is found that implementing the proposed techniques will not undermine the viability of
the sector but there still remain concerns about the economic impact, then an evaluation can be
carried out as to whether the implementation can be eased by looking at the ‘Speed of
Implementation’.

Although an assessment of economic viability is an inherent part of determining BAT, a
detailed assessment is expected to be carried out only to resolve a claim that a technique (or a
combination of techniques) is too expensive to be BAT. That claim is considered most likely to
come from the industrial sector concerned and this chapter sets out a framework within which
the arguments can be presented. The burden of proof in such an argument rests with those who
object to the proposed BAT.

The Annexes - The annexes provide data and information that might be necessary when
carrying out the methodologies described in this document.

e annexes | to 9 provide supporting information for the cross-media assessment

e annex 10 lists some useful sources for European price indices in support of the costing
methodology

e annex 11 lists some financial ratios that might be useful in support of the economic viability
valuation

e annex 12 lists external costs for some air pollutants in support of Chapter 4 on evaluating
the alternatives

e annex 13 lists some of the methodologies that are used in support of the Directive in some
Member States

e annex 14 describes the printing press example that was used in the development of the
cross-media methodology

e annex 15 presents an example of NOx reduction in municipal waste incinerator to illustrate
application of the various methodologies in the document.

Although the methodologies that are described here have been simplified wherever possible,
carrying out any of the assessments will still be an onerous process and should not be
considered unless there is genuine disagreement about whether or not a proposed technique (or
combination of techniques) is BAT.

The methodologies that are presented in this document assist a user to evaluate and set out both
the environmental, and the economic consequences of introducing new techniques in support of
the IPPC Directive. A key purpose of the methodologies described here is transparency, so that
any part of the process can be validated or audited. Following the structure of the methodologies
helps the user to achieve this transparency. The methodologies cannot make the decision, but
can support subsequent expert judgement and provide a more consistent basis for the ultimate
decision.

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
BREF reviews. 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 forms part of a series presenting the results of an exchange of information
between EU Member States and industries concerned on best available technique (BAT),
associated monitoring, and developments in them. It is published by the European Commission
pursuant to Article 16(2) of the Directive, and must therefore be taken into account in
accordance with Annex IV of the Directive when determining “best available techniques”.

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.
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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).

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

Chapter 1 explains the issues that are addressed in this document and the links to the relevant
articles of the Directive.

One objective of the Directive is to achieve a high level of protection of the environment taken
as a whole. Where it is not obvious which alternative offers the higher level of protection, some
way of comparing alternatives would be useful. Chapter 2 explains how a cross-media
assessment could be carried out in order to determine which of the alternatives would achieve
this higher level of protection. The Directive also requires that the likely costs and benefits of a
technique be taken into consideration when determining BAT. To address this requirement,
Chapter 3 describes the steps involved in gathering and manipulating cost data on alternative
techniques in a transparent way.

Chapter 4 looks at ways of evaluating the alternatives and balancing the environmental
improvements against the costs of implementing the techniques.

Within the definition of ‘available’ for BAT, there is a requirement that “techniques shall mean
those developed on a scale which allows implementation in the relevant industrial sector, under
economically and technically viable conditions”. Chapter 5 sets out the key issues to be
considered when trying to determine if this condition is met.

Useful information and data to support the methodologies set out in this document are provided
in the annexes along with 2 examples demonstrating the application of the methodologies.

Since the best available techniques change over time and better data or models may be
available, 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@ec.europa.cu

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

This Reference Document on Economics and Cross-Media effects has been developed within
the framework of the European IPPC BAT Information Exchange Forum. The methodologies
set out in this document can provide assistance to both Technical Working Groups (TWGs) and
permit writers when considering the environmental and economic conflicts that can occur when
determining which techniques to implement under the IPPC Directive.

Technical Working Groups may need to resolve these conflicts when determining Best
Available Techniques (BAT) in a BREF (Best Available Techniques Reference Document).
Permit writers may also need to resolve some conflicts when determining IPPC permit
conditions for an individual installation (which have to be based on BAT according to Article 9
(4) of the Directive). The methodologies described give a consistent structure to the decision
making process and set out a clear and transparent framework for coming to a decision when
balancing environmental impacts against the costs. Whilst the methodologies presented in this
document are primarily developed for the determination of BAT at sector level (i.e. in BREFs),
the approaches may have some use at local level although it should be noted that (a) the
Directive makes no provision for any test of economic viability at any level other than the
industry sector and (b) the Directive is explicit in recital 18 in that it is for Member States to
determine how to take into account of the technical characteristics of an installation, its
geographical location and any local environmental conditions.

This document addresses some of the core principles of the Directive:

1. General Information on Economics and Cross-Media Effects - Chapter 1 discusses the
terminology used in the Directive. It also explains the issues that are addressed by this
document. Although it is intended as an aid to the user, this description is inevitably
incomplete and is given for information only. Any interpretation from it has no legal
value and the statements made here do not in any way alter or prejudice the actual
provisions of the Directive. There is some repetition of the wording of the preface in
this chapter, but this is necessary to explain the full background to the development of
this document.

2. Cross-Media Effects - A cross-media methodology is set out in Chapter 2 which allows
the user to determine which alternative technique or techniques that might be
implemented under IPPC offers the highest level of protection for the environment as a
whole. The methodology sets out a transparent methodology for balancing the trade-offs
that may have to be made in determining which is the best environmental option.

3. Costing Methodology - In many cases, the technique that offers the highest level of
protection to the environment will be BAT, but the Directive also requires that the
likely costs and benefits of implementing a technique are considered. Chapter 3 sets out
a costing methodology, which will allow users and decision-makers to establish and
present the costs of implementing a technique in a transparent way.

4. Evaluating the alternatives - Chapter 4 deals with some of the methods that can be used
to balance economic costs against the environmental benefits. It uses the information
gathered in the previous two chapters and allows comparison of alternative techniques
that deliver different environmental benefits and which will have different costs.

5. Economic Viability - Chapter 5 discusses the requirement of the Directive to ensure that
whichever technique is determined to be BAT does not undermine the economic
viability of the industrial sector implementing that technique or those techniques. This
chapter will only apply to the determination of BAT (not for an individual installation)
and sets out a framework within which economic viability can be assessed.
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The annexes provide data and information that might be useful when carrying out the
assessments described in this document.

It is envisaged that these methodologies will only be applied in those cases where the best
option is not obvious from the initial deliberations. Where there is an obvious conclusion, or
where there is broad agreement as to which alternative is the preferred option for
implementation, then there will be no need to apply the methodologies set out here.

Technique or combination of techniques
under consideration as possible BAT

}
Generally offering a high level of <>N
— o

environmental protection ?

TWG and EIPPCB apply /
expert judgement \

ECM conflict? |— <>Yes —| ECM guidelines
No

BAT BAT under certain ECM conditions Not BAT

The Role of the ECM guidelines in determining BAT at BREF sector level
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Chapter 1

1 GENERAL INFORMATION ON ECONOMICS AND CROSS-
MEDIA EFFECTS

This chapter explains the background of this reference document on ‘Economics and Cross-
Media’ effects and explains the links with the relevant articles of the Directive. Text from the
directive is presented in italics in the boxes below.

The purpose and scope of the IPPC Directive is set out in Article 1.

Article 1
Purpose and scope

The purpose of this Directive is to achieve integrated prevention and control of pollution
arising from the activities listed in Annex I. It lays down measures designed to prevent or,
where that is not practicable, to reduce emissions in the air, water and land from the above-
mentioned activities, including measures concerning waste, in order to achieve a high level of
protection of the environment taken as a whole, without prejudice to Directive 85/337/EEC
(27 June 1985 on the assessment of the effects of certain public and private projects on the
environment) and other relevant Community provisions.

To help achieve this objective, industrial processes that fall within the scope of Annex I of the
Directive require a permit based on ‘Best Available Techniques’ (BAT).

The definition of BAT is given in Article 2.

Article 2
Definitions
For the purposes of this Directive:

‘best available technique’ shall mean 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:

- ‘techniques’ shall include both the technology used and the way in which the installation is
designed, built, maintained, operated and decommissioned,

- ‘available’ techniques shall mean 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’ shall mean most effective in achieving a high general level of protection of the
environment as a whole.

In determining the best available techniques, special consideration should be given to the items
listed in Annex IV;

The items listed in Annex IV of the Directive are set out on the next page.
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ANNEX IV

Considerations to be taken into account generally or in specific cases when determining best
available techniques, as defined in Article 2 (11), bearing in mind the likely costs and benefits
of a measure and the principles of precaution and prevention:

1. the use of low-waste technology;
2. the use of less hazardous substances,

3. the furthering of recovery and recycling of substances generated and used in the process
and of waste, where appropriate;

4. comparable processes, facilities or methods of operation which have been tried with
success on an industrial scale;

technological advances and changes in scientific knowledge and understanding;
the nature, effects and volume of the emissions concerned;
the commissioning dates for new or existing installations;

the length of time needed to introduce the best available technique;

© % N D @

the consumption and nature of raw materials (including water) used in the process and
their energy efficiency;

10. the need to prevent or reduce to a minimum the overall impact of the emissions on the
environment and the risks to it;

11. the need to prevent accidents and to minimise the consequences for the environment;

12. the information published by the Commission pursuant to Article 16 (2) or by international
organisations.

Within the exchange of information organised under Article 16 of the Directive, BAT is
determined in a general sense with input primarily from European stakeholders. The results of
the information exchange are incorporated in the series of Best available techniques REFerence
(BREF) documents. Each BREF is developed with a technical working group (TWG). The
conclusions on BAT in a general sense within BREFs serve as a reference point to assist in the
determination of BAT-based permit conditions or for the establishment of general binding rules
under Article 9 (8).

In the determination of BAT there may be a need to decide which technique offers the better
environmental performance in the context of the industrial process. In this respect, trade-offs
can arise, where choices have to be made between disposing of a pollutant to different
environmental media or between different releases to the same environmental medium. For
example, using water to scrub an air emission transfers that pollutant from the air to water and
will consume water and energy in the scrubbing process. This energy consumption leads, in an
indirect way, to additional air emissions within the same medium (air). Chapter 2 of this
document sets out a ‘Cross-Media’ methodology to help resolve these trade-offs and to
determine which alternative offers the highest level of protection for the environment as a
whole.
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Article 9 (4) requires that permit conditions shall be based on BAT but taking into account the
technical characteristics of the installation concerned, its geographical location and the local
environmental conditions. Recital 18 furthermore, leaves it for the Member State to determine
how these local conditions can, where appropriate, be taken into consideration. Where there is a
need to determine which option provides the higher level of protection to the environment in
such local situations, the ‘cross-media’ methodologies set out here may also help in this
determination. The elements of the methodologies that might be useful in the local situation are
discussed in more detail in the text.

Article 10 of the Directive provides that conditions stricter than BAT may be required to ensure
compliance with an environmental quality standard.

Article 10
Best available techniques and environmental quality standards

Where an environmental quality standard requires stricter conditions than those achievable by
the use of the best available techniques, additional measures shall in particular be required in
the permit, without prejudice to other measures which might be taken to comply with
environmental quality standards.

Some screening tools that might be used to determine which emissions might need to be
assessed in more detail in the local situation are described in Section 2.6.4. If screening
identifies a pollutant to be a concern, there may be a need to model the impacts in more detail
and to take into account specific local concerns such as prevailing weather conditions, dilution,
topography and interaction with other local sources of pollution. Even with these screening
tools, consultation with the local permitting authority is likely to be necessary, as there may be
specific local concerns that are not considered here.

The definition of ‘available’ in BAT requires that the costs and advantages of implementing a
technique are taken into consideration. Chapter 3 sets out a costing methodology so that the
costs of the alternative options under consideration can be compared equitably. It is important
that these costs are reported and handled transparently so that there are no distortions introduced
into the assessment. The Directive refers to benefits and to advantages. Within this document
the term “benefits” is used to refer to benefits or advantages as mentioned in the Directive.

Once the environmental effects and the cost of implementation have been established, a method
of balancing these two issues is needed. Chapter 4 discusses methodologies that could be used
to balance the environmental effects of a technique against the cost of implementation.

Also within the definition of ‘available’ in BAT there is a requirement that the technique is able
to be implemented “under economically and technically viable conditions”. Chapter 5 discusses
the critical factors in determining the economic viability of a technique, which helps to structure
the debate on economic viability that might be required in the determination of BAT. This
chapter is only applicable in the determination of BAT; the Directive makes no provision for a
test of economic viability in the local situation.

The Annexes provide data for carrying out the various assessments and other reference material
that may be needed in the evaluation.

All the methodologies described in this document have been developed as practical tools to
assist the decision-making process which will inevitably involve expert judgement.
Nevertheless, it does take time, resources and expertise to carry out the assessments and there
will often be a need to apply some pragmatism when making the decision. It is anticipated that
these methodologies will only be used in cases where there is no clear preference, or when there
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is some contention about which technique is the optimum choice. If, at any stage, there is
general agreement that a technique, or combination of techniques, is BAT without the need for
further assessment, there is no need to apply all the methodologies set out here to prove it,
simply set out the justification for the decision. This test is true throughout this document,
whether it be for the cross-media assessment, the costing methodology, or for determining
economic viability in the sector.

The methodologies described in this document are shown schematically below. The logical
sequence to follow if applying all of the methodologies would be: 1) the cross-media
methodologies are described as guidelines in Figure 1.1, 2) the costing methodology Figure
1.2, 3) the evaluation of the alternatives Figure 1.3, and finally 4) discussion of economic
viability in the sector Figure 1.4. As mentioned earlier, if at any point the answer becomes
obvious, then there will be no need to apply the methodologies set out here, the user should
simply set out the justification and make the determination. There may be cases where the user
will only need to establish one or other aspect of the determination. For example, if the
environmental benefit of a technique is well known, the costing methodology could be used
separately to determine the costs without resorting to the full cross-media methodology. To
make these methodologies as adaptable as possible, they have been developed modularly and
can be used independently.

Guideline 1
Scope and identify the alternative options

l

Guideline 2
Inventory of emissions:
pollutant releases
raw material consumption
energy consumption
waste

!

Guideline 3
Calculate the cross-media effects:

human toxicity

global warming

aquatic toxicity
acidification

eutrophication

ozone depletion

photochemical ozone creation

Z 19)deyd
saulapIinb eipaw-ssou)

Guideline 4
Interpret the cross-media conflicts

Figure 1.1: The cross-media guidelines

4 Economics and Cross-Media Effects



Chapter 1

Guideline 5
Scope and identify the alternative options

|

Guideline 6

Gather and validate the cost data

]
Guideline 7
Define the cost components:
investment costs
operating and maintenance costs
revenues, benefits and avoided costs

|

Guideline 8
Process and present the cost information:
exchange rates
inflation
establishing prices in the base year
discount and interest rates
calculating annual costs

|

Guideline 9
Attributing costs to environmental protection

¢ J1a)deyn
ABojopoyjaw Buiyson

Figure 1.2: Costing methodology

Calculate the cross-media effects:

human toxicity
global warming

Guideline 8
Process and present the cost information:

Guideline 1 Guideline 5
Scope and identify the alternative Scope and identify the alternative options
options ‘
Guideline 6
Guideline 2 Gather and validate the cost data
Inventory of emissions: *
pollutant releases
raw material consumption Guideline 7
energy consumption 2] Define the cost components:
waste g investment costs 9
o operating and maintenance costs a
‘ 03 Revenues, benefits and avoided costs o =3
> o Qa
[Ti-% 33
T T T a
Guideline 3 T q 85
= ©
N s g
= g
3 <
»

aquatic toxicity
acidification
eutrophication
ozone depletion
photochemical ozone creation

- Guideline 9
Guideline 4 Attributing costs to environmental
Interpret the cross-media conflicts protection

exchange rates
inflation
establishing prices in the base year
discount and interest rates
calculating annual costs

|

Cost effectiveness analysis
Apportioning costs between pollutants
Balance of costs and environmental benefits

y 19)deyn — saAijeusa)je ay} Bunenjeay

Figure 1.3: Evaluating the alternatives
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Identify the costs of implementing the package
of BAT options for the sector
Chapter 3

!

Can the costs be transferred to
the customer and/or suppliers?
Section 5.2 Industry Structure
Section 5.3 Market Structure

!

Can the costs be absorbed
by the industry?
Section 5.4 Resilience

|

Determine if the techniques are Economically
Viable

G 1aydeyn
Ajjqeip s1wouos3 buienjeny

v

Section 5.5 Speed of implementation
(If there is a need to determine a more
reasonable implementation period)

Figure 1.4: Economic viability in the sector
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2 CROSS-MEDIA GUIDELINES

2.1 Introduction

The operation of any IPPC process by its very nature will have environmental effects. To
comply with the requirements of the Directive these environmental effects need to be prevented,
or where this is not possible they should be minimised to ensure that a high level of protection is
given to the environment as a whole. When there are alternative techniques that could be
implemented for the IPPC process and there is a choice as to where the resulting pollution is
disposed to, the least environmentally damaging option should be chosen. Determining which
option is the least environmentally damaging is not always a simple process and there may be
trade-offs that have to be made in coming to the decision as to which technique is the best
option.

The term ‘Cross-Media effects’ is used in this document to describe the environmental effects of
the options under consideration. Choosing between alternative options might require a choice to
be made between releasing different pollutants in the same environmental medium (e.g.
different technology options might release different air pollutants). In other cases, the choice
might be between releasing to different media (e.g. using water to scrub an air emission thereby
producing waste water or filtering a water discharge to produce a solid waste).

When determining BAT, most of the cross-media conflicts that are encountered should be
relatively simple to understand and it will be easy to come to a decision. In other cases, the
trade-offs will be more complex. The purpose of the cross-media methodology set out below is
to provide guidance on how to choose which option is best for the environment in these more
complex cases. When the methodology is applied it should help to clarify the decision making
process and ensure that any conclusions are determined in a consistent and transparent way.

The methodology is based on work carried out by the IPPC Technical Working Group on
economics and cross-media effects and reported in the document ‘Cross-Media Methodology
for BAT Purposes’ [26, Breedveld, et al., 2002]. The methodology as described here is a
truncated version of Life Cycle Analysis, which has been adapted so that the assessment is
restricted to the boundaries of the IPPC process. Note that the terms used in this document do
not fully conform to the terminology used in the ISO standards 14040 series for LCA.

To evaluate the cross-media effects, techniques are described which allow an inventory to be
drawn up of the emissions from the process. Once the inventory has been developed, the data
can be compiled to establish the environmental effects from the alternative techniques under
consideration. These environmental effects can then be compared, to determine the least
environmentally damaging option.

The terms ‘emissions’ and ‘consumptions’ are used throughout this document, to cover all of
the environmental effects, which include emissions (releases such as air emissions, water
discharges, waste, etc.) and resources consumed by the process, such as energy, water and raw
materials.

The approach described here might also be used in determining permit conditions for an
individual installation, however the methods used and the level of detail required can be
significantly different. The cross-media methodology will not address local environmental
effects, but some screening tools, to help identify the pollutants that are likely to cause the
greatest concern in the local situation, are discussed in Section 2.6.4. In many cases, there may
be a need to carry out detailed modelling of the fate and effects of the individual pollutants
identified by using this screening tool.

Figure 2.1 shows the steps involved in the cross-media methodology.
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Guideline 1
Scope and identify the alternative options

Guideline 2
Inventory of emissions:
pollutant releases
raw material consumption
energy consumption
waste

|

Guideline 3
Calculate the cross-media effects:

human toxicity

global warming

aquatic toxicity
acidification

eutrophication

ozone depletion

photochemical ozone creation

Z 19)deyn
sauljapinb eipaw-ssol)

v

Guideline 4
Interpret the cross-media conflicts

Figure 2.1: Flow chart for the cross-media guidelines
Note — If, at any point, there is sufficient information to come to a conclusion, then the user should
stop at that point and set out the justification for the decision

The cross-media methodology consists of four steps:

1.

Guideline 1 - Scope and identify the alternative options: the initial step in the process is
to scope and identify the alternative options that are available and that could be
implemented. The boundaries of the assessment need to be set at this stage, with the
normal expectation being that the assessment will be restricted to the boundary of the
IPPC process.

If at this stage there is sufficient justification to come to a conclusion, the user should
stop and set out the justification for the decision.

Guideline 2 - Inventory of emissions: this step requires the user to establish an
inventory of emissions for each of the alternative options under consideration.

If at this stage there is sufficient justification to come to a conclusion, the user should
stop and set out the justification for the decision.

Guideline 3 - Calculate the cross-media effects: this step allows the user to express the
potential environmental effects anticipated from each of the pollutants within seven
environmental themes (e.g. human toxicity, global warming, aquatic toxicity, etc.). This
is so that a wide range of pollutants can either be compared directly or aggregated and
expressed as a total effect.
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Two approaches are described which allow the mass emissions of an individual
pollutant to be expressed as an equivalent effect (e.g. the Global Warming Potential of
a wide range of greenhouse gases can be expressed as kg of CO, equivalents). These
allow individual pollutants to be summed and expressed as a total potential effect
within each of the seven environmental themes. The user may then be able to compare
the alternatives to estimate which option has the lowest potential effect in each theme.

If at this stage there is sufficient justification to come to a conclusion, the user should
stop and set out the justification for the decision.

4. Guideline 4 - Interpret the cross-media effects: this final step in the cross-media
guidelines discusses how the user can interpret which of the alternative options offers
the highest level of protection for the environment. Different approaches for comparing
the result of the cross-media assessment are discussed.

The degree of uncertainty in the basic data collected for Guidelines 1 and 2 is relatively low
compared to the uncertainty after subsequent manipulation when guidelines 3 and 4 are applied.

When developing an IPPC proposal, there may be a parallel requirement to carry out an
Environmental Impact Assessment in order to comply with the requirements of Directive
85/337/EC on the assessment of the effects of certain public and private projects on the
environment (EIA Directive) [19, European Commission, 1985]. Some of the procedures set out
in the cross-media methodology described in this document require similar basic information
that may need to be gathered to meet the requirements of the EIA Directive. Some of this basic
information could thus support both purposes (The information that has to be supplied for
Annex III of the EIA Directive is listed in Annex 9 of this document).

2.2 Simplification techniques

The cross-media methodology should be sufficient to come to a decision in most cases,
however, it is impossible to be prescriptive when deriving the solution to what can be a very
complex judgement. To ensure that this methodology is as practical and as usable as possible, it
has been necessary to simplify some of the steps that need to be followed when applying it.
Users need to be aware of these simplifications and realise that, in some circumstances, there
will also be a need to consider wider issues than just those that are included here. Because of
these limitations, users will need to accept that there will occasionally be a need for more
weight to be given to expert judgement in the assessment process. However, whether applying
the full methodology, parts of it, or when using expert judgement, the final decision always
needs to be justified to maintain transparency of the decision making process.
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The simplification techniques used in the Cross-Media methodology are:

Simplification Techniques

» Define system boundaries — The boundaries set for the assessment should be limited to the

boundaries set for an installation in the IPPC Directive. An installation is defined in the
Directive as:

........ a stationary technical unit where one or more activities listed in Annex I are carried
out, and any other directly associated activities which have a technical connection with the
activities carried out on that site and which could have an effect on emissions and
pollution.”

There is no intention for this methodology to be extended beyond the installation boundary,
but there will be occasions where upstream and downstream processes can have a significant
effect on the environmental performance of the proposal. For these occasions it may be
appropriate to extend the assessment, but this is only likely to happen in exceptional
circumstances. If the assessment is extended, the decision to do so will have to be justified
in each individual case. Energy and waste, for example, can be addressed within the
installation boundary but only in a generic fashion. For a specific case, it may be decided to
assess impacts of energy consumption and/or waste treatment or disposal in more detail.

Accept obvious conclusions — If at any point when applying the methodology the decision
becomes clear, then the process can be stopped at that point, with no need to proceed any
further. The user will then need to set out the justification for the decision taken at this
stage.

Exclude common factors from the Cross-Media assessment - When scoping and
identifying the options, there may be an opportunity to exclude common factors (for
example, it may be possible to exclude energy use, some emissions or raw material
consumption if the alternatives have the same values in these respects). It is important to
remember that any issues excluded from the cross-media assessment might well be
important later in the assessment process (for example, when applying the costing
methodology) and so, for transparency, any common factors that are excluded should be
stated clearly when scoping and identifying the options.

Exclude insignificant effects — Although there is a value judgement here and exclusion
should be undertaken with care, effects that do not have a significant effect on the outcome
can be excluded. However those issues that are excluded because they are considered
insignificant will still need to be declared and justified to maintain transparency when
presenting the results.

Standard sources of data — Once the inventory data are known, equivalence factors can be
used to quantify the cross-media effects. Common inventory data are provided in the
annexes of this document and can be used for calculating the environmental effects of the
alternative options (for example, see Annex 2 — Global Warming Potentials). These
databases are derived from established sources and are thought to be sufficiently accurate
for comparing the environmental effects between the alternative techniques that are under
consideration.

Calculating the effects — Calculations should be carried out as transparently as possible to
best inform expert judgement in comparing alternatives.

10

Economics and Cross-Media Effects




Chapter 2

2.3 Guideline 1 — Scope and identify the alternative options

The first stage in the cross-media methodology is the definition of the alternative proposals to
be considered. It is important that the alternatives are described in sufficient detail to prevent
any ambiguity or misunderstanding, either in the scope of the technique or the boundaries of the
assessment. Normally the boundaries selected will be those of a typical installation (see
Directive definition on page 10) but if effects outside the boundary of a typical installation are
included, this should be clearly stated with an explanation as to why.

In some cases, the aim of using the cross-media methodology is to appraise different techniques
or combinations of techniques that deal with control of a specific pollutant, e.g. ‘nitrogen
oxides’, ‘particulate emissions’ or ‘biological oxygen demand’. In other cases, where choices
exist in the basic technology or process routes, it may be more appropriate to include the whole
installation within the scope, including the pollution techniques installed, so that the overall
environmental benefits of each option can be compared.

Bearing in mind the considerations listed in Annex IV of the Directive, priority should be given
to the selection of techniques that prevent or reduce emissions or to cleaner technologies, as
these will tend to result in the lowest environmental impact. The alternative measures that might
be assessed include:

e process design, e.g. cleaner technology; changes or replacements to processes, or plants, or

equipment; alternative synthesis routes; etc.

selection of raw materials, e.g. cleaner fuels, less contaminated raw materials, etc.

process control, ¢.g. process optimisation, etc.

housekeeping-type measures, e.g. cleaning regimes, improved maintenance, etc.

non-technical measures, e¢.g. organisational changes, staff training, the introduction of

environmental management systems, etc.

o end-of-pipe technology, c.g. incinerators, waste water treatment plants, adsorption, filter
beds, membrane technology, noise protection walls, etc.

When determining the scope of the assessment and identifying the alternative options, the size
or capacity of the proposal will need to be fixed to ensure that the alternatives are compared on
an equal basis. Ideally this will be based on alternatives that correspond to the same capacity in
terms of finished product (e.g. ‘The alternative options for a hot rolling mill with a capacity of
25 tonnes of steel per hour were assessed’). There will, of course, be occasions when the
alternatives cannot be fixed at the same size, for example if the technology is bought ‘off-the-
shelf” and therefore determined by the size of the unit supplied by the equipment suppliers. If
this is the case, then any differences between the alternatives need to be clearly stated to avoid
distorting the results.

The simplification techniques described earlier should also be applied at this stage and, to
ensure transparency, any exclusions of common factors or insignificant effects should be stated.
It should be borne in mind, however, that these issues may still be important when assessing the
total environmental impact of the technique, or when applying the costing methodology.

It is possible that at this stage, the cross-media conflicts and the different environmental effects
may be obvious enough to allow a decision to be made. At this point, the user should then
consider whether there is any need to proceed further with the cross-media methodology, or if
there is sufficient justification to support a conclusion at this point. If a conclusion can be
reached, then the reasons for that conclusion will still need to be justified and reported, to ensure
that the decision making process remains transparent. However, if there is still doubt as to
which alternative provides the greatest level of protection for the environment, then the user will
need to proceed to the next stage, i.e. to Guideline 2.
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2.4 Guideline 2 - Inventory of consumptions and emissions

The significant environmental releases and the resources consumed by each of the alternative
techniques under consideration need to be listed and quantified. This list should cover the
pollutants released, the raw materials consumed (including water), the energy used and the
wastes produced.

Some useful sources of information that might provide data on releases and resources consumed
include:

monitoring information from existing installations of a similar type or configuration
research reports

data from pilot plant studies

calculated data, such as mass balance information, stoichiometric calculations, theoretical
efficiencies, or scaled-up laboratory data

information from the information exchange process (Article 16 of the Directive)

e information from equipment vendors or manufacturers.

The data should be as complete as possible, so that all the emissions, raw material inputs,
energy used and waste produced are accounted for. Both point source and fugitive emissions
need to be assessed. For transparency, the details of how the data were derived or calculated
should also be provided. Recording the source of data is also important, so that it can be
validated and verified where necessary.

Ideally, the mass of emissions released and the mass of resources consumed should be used (for
example, kg emitted/year or kg emitted/kg of product). Information might also be available as a
release rate (for example, reported as mg/m’ or mg/1), which might be particularly important for
batch techniques or for techniques that follow a cycle where concentrations may be particularly
high at certain stages in the process.

2.4.1 Data quality

Data quality is a critical issue in this assessment, so the user should question and evaluate the
quality of the data available, and to compare data from different sources where necessary. In
many cases, there will be quantitative measures available regarding the uncertainty that can be
attributed to the data, e.g. based on the accuracy of the analysis techniques that were employed
(for example emissions monitoring results might be reported as 100 mg/m’ + 25 %). Where this
information is available it should be recorded, so that it can be used to determine the upper and
lower ranges for the sensitivity analysis, which may be necessary later in the assessment.

Where quantitative measures are not available, a data quality rating system can be used to give a
qualitative indication of the data reliability. The rating score gives a rough guide to the
confidence in the data and may also help to indicate how thorough the sensitivity analysis will
need to be.

The data quality rating system described below can give a simple indication of the quality of the
data and whether it is valid to use the data in an assessment. This system was originally
developed for the EMEP/CORINAIR Emission Inventory Guidebook [5, EMEP CORINAIR,
1998].

12 Economics and Cross-Media Effects



Chapter 2

Data quality rating system

A. An estimate based on a large amount of information fully representative of the situation and
for which all background assumptions are known.

B. An estimate based on a significant amount of information representative of most situations
and for which most of the background assumptions are known.

C. An estimate based on a limited amount of information representative of some situations and
for which background assumptions are limited.

D. An estimate based on an engineering calculation derived from a very limited amount of
information representative of only one or two situations and for which few of the
background assumptions are known.

E. An estimate based on an engineering judgement derived only from assumptions.

It is important that data of ‘inferior’ quality are not suppressed nor excluded from the
assessment by requiring only data of ‘A’ or ‘B’ quality. Otherwise, if less reliable data are
excluded, then applying the methodology might become a barrier to innovation rather than a
tool to improving environmental performance, as innovative techniques, by their very nature,
will not have as much data available as established techniques. If only data of inferior quality
are available, then conclusions should be drawn cautiously. However, conclusions can still be
drawn and can form the basis for further discussion or to identify where more reliable data
needs to be obtained.

2.4.2 Energy (Electricity and Heat)

Energy is a continuous input to most industrial processes. Some may be supplied from ‘primary
energy sources’ such as coal, oil and gas, whereas others may be from ‘secondary energy
sources’ that were generated outside the IPPC boundary of the process and then supplied in the
form of electricity and heat. Primary energy sources are already considered in the cross-media
assessment in the form of raw materials used and the emissions from the process, and so are not
considered in any more detail here. This section outlines a method of taking into consideration
the environmental impact of the secondary energy sources used in the process.
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2.4.21 Energy efficiency

Before considering how the environmental impact of ‘secondary energy sources’ can be
assessed, it is worth mentioning the requirements of the Directive to minimise the production of
waste and for energy to be used efficiently. Article 3 of the Directive states that:

Article 3
General principles governing the basic obligations of the operator

Member States shall take the necessary measures to provide that the competent authorities
ensure that installations are operated in such a way that:

(a) all the appropriate preventive measures are taken against pollution, in particular through
application of the best available techniques,

(b) no significant pollution is caused;

(c) waste production is avoided in accordance with Council Directive 75/442/EEC of 15 July
1975 on waste(11); where waste is produced, it is recovered or, where that is technically and
economically impossible, it is disposed of while avoiding or reducing any impact on the
environment,

(d) energy is used efficiently;

(e) the necessary measures are taken to prevent accidents and limit their consequences,

(f) the necessary measures are taken upon definitive cessation of activities to avoid any
pollution risk and return the site of operation to a satisfactory state.

For the purposes of compliance with this Article, it shall be sufficient if Member States ensure
that the competent authorities take account of the general principles set out in this Article when
they determine the conditions of the permit.

This obligation remains on the operator. Every effort should thus be made to ensure that the
energy used within the plant is used efficiently. The methodology set out below does not
undermine or contradict this requirement to use energy efficiently, but rather, establishes the
environmental effects of that energy so that the alternatives can be compared.

2.4.2.2 Electricity and heat used in the process

Electricity and heat can form a significant part of the total environmental impact of the IPPC
process. In most cases, the source of electricity or heat used will be the same whichever
alternative technique is selected. In these cases, it will be sufficient to compare the electricity
and heat requirements of the alternatives that are under consideration directly, preferably both
expressed in GJ and no further analysis will be needed.
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2.4.2.3 The European electricity and heat mix

In other cases there might be trade-offs that have to be made between the environmental impacts
of the secondary energy sources used in the process and other pollutants that might be released.
The environmental impact from this energy, regardless of whether it is in the form of electricity
or heat will depend on the power plant technology and on the fuel source that is used to generate
it. For example, when assessing an end-of-pipe abatement plant that is powered by electricity,
the environmental impact of the additional electricity used has to be traded-off against
whichever pollutant is being abated. If the abatement plant has a significant electricity demand
and the abated pollutant is relatively benign, then depending on the environmental consequences
of the electricity generation, abating the pollutant may provide less overall protection to the
environment as a whole. However, few cases are known where the impact of electricity use
outweighs the benefits of abating the pollutant in question.

The ‘European electricity and heat mix’ is a simplified approach for deriving emission factors to
account for the environmental effects of the electricity and heat used. Multiplication factors
have been derived for emissions of SO,, CO,, and NO,, and for the consumptions of oil, gas and
coal per GJ of electricity and heat consumed. These multiplication factors have been derived
from energy sources averaged across Europe (see Annex 8).

For example, a process that uses 10 GJ of electricity per year will have the following impact, as
calculated from the multiplication factors presented in Annex 8:

Resources used Emissions

Oil (kg) 90.1

Gas (m’) 69.2

Coal (kg) 157

Brown Coal (kg) 346.4
S0, (kg) 1
CO, (kg) | 1167.1
NO, (kg) 1.6

Table 2.1: Resources used and emissions caused by a process that uses 10 GJ of electricity per year

The multiplication factors presented in Annex 8 are, of course, generalisations and in cases
where the environmental impact of the electricity and heat used is critical to the decision, it may
be appropriate to carry out a sensitivity analysis or to derive more specific data for the
calculation. The European energy mix is not so appropriate for use at anything other than at
European level.

Users should be cautious about attempting to derive more specific information as this may entail
gathering large amounts of data on the source of the electricity or heat and the technology and
fuel used to generate it. The electricity and heat used varies between individual member states
and also between individual sites. It may also change as the prices of various energy sources
fluctuate. If the energy used is in the form of electricity from a grid, then there are further
complications, as the power sources usually vary depending on the time of day. Collating more
detailed information is only likely to be necessary in cases where the electricity and heat used
by the process is critical for making the decision.

Proposed amendments to Directives 96/92/EC and 98/30/EC concerning common rules for the
internal market in electricity and natural gas may require suppliers make information on the
environmental impacts of their activities available to their customers and this could, therefore,
provide useful information for evaluating the environmental effects of the energy used in the
industrial process.
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Whether the multiplication factors from the European electricity and heat mix, or more specific
information is used, it is essential that the source of the data used and the way in which the data
are manipulated remains transparent. Care needs to be taken to ensure that any assumptions
made about the electricity and heat used by the process are clear. Any possible distortions that
may be caused by these assumptions need to be clearly understood, both by users and decision-
makers.

2.4.3 Waste

Industrial processes generate solid and liquid waste, which may be treated or disposed of on-
site, or removed from the plant for treatment or disposal elsewhere. The Directive seeks to avoid
the production of waste wherever possible by encouraging the selection of techniques that use
low-waste technology and techniques that allow for the recovery and recycling of any wastes
that arise. Where it is technically or economically impossible to avoid the production of waste,
then it should be disposed of in such a way that avoids or minimises any impact on the
environment.

When comparing alternative techniques that generate wastes, an analysis of the quantity,
composition and likely environmental effects of the waste produced can be useful. As a
pragmatic approach to assessing which alternative offers the highest level of protection for the
environment as a whole, the simple methodology described below should normally be
sufficient.

Simple methodology. When deriving the inventory, the wastes generated by each of the
alternative techniques under consideration can be split into three categories, i.e:

1) inert waste
2) non-hazardous waste
3) hazardous waste.

These categories should be expressed in kg of waste produced.

For these three categories of waste, the definitions set out in Article 2 of Directive 1999/31/EC
[39, European Commission, 1999] on the landfill of waste should be used (see below).

Article 2 of Directive 1999/31/EC [39, European Commission, 1999]
Definitions
For the purposes of this Directive:

(a) ‘waste’ means any substance or object which is covered by Directive 75/442/EEC;

(b) ‘municipal waste’ means waste from households, as well as other waste which, because of
its nature or composition, is similar to waste from household;

(c) ‘hazardous waste’ means any waste which is covered by Article 1(4) of Council Directive
91/689/EEC of 12 December 1991 on hazardous waste'

(d) ‘non-hazardous waste’ means waste which is not covered by paragraph (c);

(e) ‘inert waste’ means waste that does not undergo any significant physical, chemical or
biological transformations. Inert waste will not dissolve, burn or otherwise physically or
chemically react, biodegrade or adversely affect other matter with which it comes into
contact in a way likely to give rise to environmental pollution or harm human health. The
total leachability and pollutant content of the waste and the ecotoxicity of the leachate must
be insignificant, and in particular not endanger the quality of surface water and/or
groundwater;,

' oL 377,31.12.1991, p. 20. Directive as last amended by Directive 94/31/EC (OJ L 168, 2.7.1994, p. 28)
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Where the issue of waste appears to be highly relevant to the assessment, it may be necessary to
establish a more detailed picture of the waste produced. It should be remembered that a detailed
assessment will be difficult unless there is comprehensive information available about the waste
arising, and its fate and effects in the environment. In most cases, it will be sufficient to apply
the simple methodology described here. This simple approach does not, however, differentiate
between a waste which is partially or totally recycled and one which is disposed of.

2.5 Guideline 3 — Calculate the cross-media effects

To assess the environmental effects for each of the alternative techniques under consideration,
the methodologies set out below allow the different pollutants identified in the inventory to be
collated into seven environmental themes. These themes are based on the environmental effects
that the pollutants are most likely to cause. Collating the pollutants into themes allows different
pollutants to be compared with each other. For each theme, the effect may be only or primarily
in one medium, or there may be effects in more than one medium such as air or water. Care
needs to be taken to take account of all effects in each case subject to any simplification used.
The themes are:

. human toxicity

o global warming

. aquatic toxicity

o acidification

. eutrophication

o  ozone depletion

o  photochemical ozone creation potential

These themes were carefully selected to give comprehensive coverage of the most relevant
environmental effects whilst still ensuring that the assessment remains practical and relevant.
Although the coverage is comprehensive, it has not been possible to define a methodology that
covers every possible impact, such as the use of less hazardous substances and the possibility of
accidents. Therefore, at all times, the user should be aware that there are environmental effects
not accounted for here and should ensure that they are still considered in the final assessment.

During the development of this document, one further environmental theme (abiotic depletion)
was considered. This would have given a measure of the resources used by the process and
would have allowed consideration of the potential depletion of the earth's resources. Although
abiotic depletion remains an important issue, there were significant concerns about the
reliability of the factors that had been derived to describe it. There was also a feeling that it is
unlikely to hold much weight against the other themes such as human toxicity or photochemical
ozone creation potential. As a result, it was decided not to retain abiotic depletion in this
methodology.
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To calculate the cross-media effects, two different approaches are used for the various effects:

When assessing global warming effects, acidification, eutrophication, ozone depletion, and
photochemical ozone creation potential, individual pollutants can be converted into an
equivalent reference substance using multiplication factors. For example, a wide range of
greenhouse gases can be expressed in carbon dioxide equivalents to describe their ‘global
warming potential’ (GWP). Expressing individual pollutants in terms of a reference substance
allows them to be compared directly and also allows a range of pollutants to be summed
together to assess the significance of the total effect of the release. The mass emission of each
greenhouse gas released from alternative options can then be multiplied against the GWP for
that greenhouse gas and expressed as the equivalent effect of a mass of carbon dioxide. The
individual greenhouse gases can thus be compared to see which has the greatest effect, and can
also be summed to derive a total carbon dioxide equivalent for the option (in kg of carbon
dioxide) using the equation below:

Global Warming Potential = 3> GWPoltutany X masspoliutant)

For both the human toxicity and the aquatic toxicity themes, the mass of an individual pollutant
emitted can be divided by the toxicity threshold of that pollutant to give a volume of air or water
that would be needed to dilute the emission to safe levels when it is released. The volume of air
or water can then be summed to derive a total theoretical volume of air or water that is polluted
to its threshold, therefore allowing the alternative proposals to be compared.

mass of pollutant released

Toxicity =
Y Z toxicity threshold of the pollutant

The multiplication factors and toxicity thresholds used in both of the above approaches are
derived from established methods that have been developed within recognised international
forums. Where there are no established forums, the multiplication factors have been derived
from current practices that are in use in Member States. The approach presented below for
assessing a total human toxicity potential differs from the generality presented here and uses a
dimensionless toxicity factor derived as lead equivalent in order to arrive at a hypothetical total.

The cross-media methodology described here can be used to assess alternative options that are
under consideration as BAT. The methodology allows the environmental effect of each of the
alternatives to be compared within the seven environmental themes.

In a local situation, there are likely to be further evaluations needed and it will also be necessary
to ensure that the emissions from the proposal do not compromise environmental quality
standards to ensure compliance with Article 10 of the Directive. When making such local
decisions, more detailed information about the emissions and the local environment will usually
be available and therefore a more detailed assessment can be carried out. This will typically
include dilution or dispersion modelling of individual pollutants and an evaluation of their
impact on the local environment. Additionally, there may also be issues such as noise, odour
and vibrations that also need to be evaluated at an individual installation, but these cannot be
casily assessed using this methodology.

The limitations of applying the cross-media methodology at an installation are discussed in this
document and a screening tool that can be used to prioritise the pollutants of most concern is
described in Section 2.6.4. This screening tool can be used to identify those pollutants of most
concern, so that these can be assessed in more detail where appropriate. Methodologies that are
used to determine permit condition in individual Member States are listed in Annex 13.
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2.5.1 Human toxicity

Eliminating or minimising the possibility of human toxicity effects is a high priority for any
proposed IPPC process. When operating an industrial process, the potential toxic effects will
depend on the chemicals emitted, the mass of the chemicals released and the human toxicity of
those chemicals. The methodology set out below uses the mass of each pollutant emitted and a
toxicity factor for that pollutant to calculate a hypothetical total for comparing options. This
approach also allows the user to identify those pollutants that have the most significant effect on
the environment and therefore could be a priority for control.

2.5.1.1 Assessing the human toxicity potential of a proposal

A substantial body of legislation already exists which sets thresholds for pollutants in ambient
air, as well as legislation for the protection of the health and safety of workers from the risks of
exposure to chemicals in the workplace. The limits set in this legislation form a good basis for
assessing the human toxicity potential of the alternative proposals under consideration. Strictly
speaking, there is no agreed scientific way to add up different toxic effects, some of which have
different time scales of effect and different health impacts. However, the approach presented in
this document at least provides a common structure for making some sort of comparison
between alternative scenarios. It assumes direct human toxicity by inhalation, simplifying the
real exposure pathways for humans.

mass of pollutant released to air (kg)

human toxicity potential (kg lead equivalents) =
P (ke a ) Z toxicity factor of the pollutant
Where:

human toxicity potential is an indicative number (in kg lead equivalents) for purposes of
comparing options, the higher the number the greater the toxicity potential.

mass of the pollutant released in kg.

toxicity factor of the pollutant is a dimensionless number (see Annex 1)

2.5.1.2 Issues to consider

This methodology offers a basis for the user to compare alternative techniques that emit
different pollutants, even when the pollutants have wide-ranging toxic effects. It also allows the
user to identify which pollutants are of most concern in respect of their human toxicity potential.
Toxicity is a complex issue and care needs to be taken in carrying out the assessment and when
evaluating the results. The toxicity factors listed in Annex 1 have been derived from national
OEL data and thus originally intended for different purposes.

This methodology is designed solely for comparing alternatives and is not appropriate for
assessing the actual effects of emissions on the local environment from an individual
installation. The physical properties of the pollutants and their fate and effects are not taken into
account in this simplified calculation. The calculation establishes a number which can only be
used for comparing alternative options.

Users need to understand the limitations with this simplified approach. It is a useful indicator for
comparing options and for identifying those pollutants that are likely to cause the greatest
concern, but it cannot be expected to do more than that. Further work is likely to be necessary to
determine the actual environmental effects of the release of each pollutant in individual cases. If
there are pollutants released that do not have a toxicity threshold listed in Annex 1, these
pollutants should be identified separately and their likely effects discussed in the final report.
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2.5.2 Global warming

The increasing quantity of so-called greenhouse gases in the atmosphere has the effect of
trapping more of the sun’s energy in the atmosphere. This effect is commonly referred to as
‘global warming’ or the ‘greenhouse effect’. Predictions of the effects of global warming
include increasing temperatures and changes to the earth’s climate, which can then have
implications for rainfall patterns, the availability of fresh water, changes in agricultural
practices, rising seawater levels, etc. To slow down the effect of global warming, releases of
polluting gases need to be reduced. The preferred option when deciding which alternative to
implement for an IPPC process should, therefore, be chosen after taking into account the
quantity of greenhouse gases released by each of the alternative techniques. The methodology
set out below allows comparison of the global warming effects of the alternatives under
consideration.

For a more detailed explanation and discussion of the scientific background and likely effects of
global warming, readers are referred to the ‘Third Assessment Report of the Intergovernmental
Panel on Climate Change’ (IPCC) [2, Intergovernmental Panel on Climate Change, 2001].

2.5.2.1 Assessing the global warming potential of a proposal

The polluting gases (i.e. greenhouse gases) that cause global warming have been the subject of a
great deal of study by scientists from all over the world. The IPCC co-ordinates this work and
has established ‘global warming potentials’ (GWPs) [2, Intergovernmental Panel on Climate
Change, 2001] for a wide range of greenhouse gases. GWPs are an index for estimating the
relative global warming contribution from the emission of one kg of a particular greenhouse gas
compared to the emission of one kg of carbon dioxide (GWPs are expressed as kg of CO,
equivalent).

The mass emissions of the individual pollutants that were collated for the inventory derived in
Guideline 2, can be multiplied by their GWP and expressed as kg of carbon dioxide equivalent.
The greenhouse gases released can then be collated and reported as a total carbon dioxide
equivalent effect, using the following equation:

global warming potential (GWPota)) = z GWPoluany x mass of pollutant released ottutan

Where:

GWP 1a 1s the sum of the global warming potentials of the greenhouse gases released (kg CO,
equivalent) for the option under consideration

mass of pollutant released onutanty is the mass of the individual pollutant (greenhouse gas)
under consideration, e.g. CO,, CHy, N,O etc. (in kg).

The total global warming potential, expressed as carbon dioxide equivalent, for each of the
alternative options can then be compared.
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2.5.2.2 Issues to consider

The GWPs used here (Annex 2) are those for a 100 year time horizon, as published by the [IPCC
[2, Intergovernmental Panel on Climate Change, 2001] (Page 388). The 100 year time horizon
has been selected as it allows a reasonable time-scale for the effect to be considered, but without
the uncertainty associated with a longer time horizon. This is not the complete answer as many
greenhouse gases are very long lived in the atmosphere. Users and decision-makers should be
wary of selecting techniques that favour gases with lower global warming potentials but with
greater longevity in the atmosphere than other options that release more short-lived gases. To
help with the evaluation of the alternatives, the atmospheric lifetime of the greenhouse gases are
also presented in Annex 2.

A recent EU Directive (2003/87/EC) establishes a scheme for greenhouse gas emissions trading
within the Community which will amend Council Directive 96/61/EC (IPPC). This Directive
aims to reduce greenhouse gas emissions, to meet the European Community’s obligations under
the ‘United Nations Framework Convention on Climate Change’ and the ‘Kyoto Protocol’.

As a condition of introducing this scheme, there is a requirement that the IPPC permit will not
set limits for the direct emissions of greenhouse gases from an installation that falls within the
scope of the scheme. This is to ensure that there is no conflict between the two instruments and
is without prejudice to any requirement pursuant to the IPPC Directive that relates to energy
efficiency.

The purpose of the evaluation described here in the cross-media assessment is to decide which
of the alternatives under consideration offers the highest level of protection for the environment
as a whole. The GWP is a useful parameter for making this assessment, it is not suitable for use
in developing or setting IPPC permit limits and there should be no conflict between the
greenhouse gas-trading scheme and the cross-media assessment.

2.5.3 Aquatic toxicity

Discharges to aquatic environments can have a toxic effect on the plants and animals that live in
that environment. The methodology set out below allows the decision-maker to assess the total
aquatic toxicity effect of alternative options and then to rank those options based on the level of
environmental harm that they may cause to the aquatic environment. The calculation used to
determine aquatic toxicity is analogous to that used to determine the human toxicity potential of
a proposal. The volume of water required to dilute the discharge to its toxicity threshold is
calculated from known ‘Predicted no effect concentrations’ (PNECs) for the pollutants that are
released.

2.5.3.1 Assessing the aquatic toxicity potential of a proposal

A substantial body of work has already been carried out to evaluate the toxicity of pollutants in
the aquatic environment and as a result of this work, a wide range of pollutants have been
characterised. The toxic effect of individual pollutants can be expressed as the ‘predicted no
effect concentration’ (PNEC) mg/l of that pollutant, which is the level at which no toxic effect
can be detected. By dividing the mass of a pollutant released by its PNEC, the user can calculate
the theoretical volume of water that would be needed to dilute the discharge below its PNEC
threshold. The volumes of water can then be summed for all pollutants, to calculate the
theoretical volume of water needed to dilute the discharge to its ‘predicted no effect
concentration’, using the formula below.
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mass of pollutant released polutantkg)x 10°
PNEC of the pollutant mgnx10”

x0.001

Aquatic toxicity (m*) = Z

Where:

Aquatic toxicity is the quantity of water (m’) required to achieve the predicted no effect
concentration in water

The mass of pollutant released is the mass of the pollutant released into the aquatic
environment in kilograms (multiplied by 10’ to convert to grams)

The PNEC of the pollutant is the ‘predicted no effect concentration of the pollutant in mg/1
(see Annex 3). The factor of 10~ converts the result to grams

The multiplication factor of 0.001 converts litres to m’.

Predicted no effect concentrations for a wide range of aquatic pollutants and the methods that
were used to derive them are presented in Annex 3.

2.5.3.2 Issues to consider

Calculating the volume of water that would be required to dilute a discharge to its PNEC in this
way allows direct comparisons to be made between the alternative techniques under
consideration. Annex 3 lists the PNECs of a range of substances. In cases where there is no
PNEC listed, the user should ensure that these substances are clearly stated in the report, so that
they can still be considered by the decision-maker in the assessment.

The calculation described above is the theoretical volume of water that would be required to
dilute the discharge to its predicted no effect concentration threshold and does not represent the
actual volume or concentration of polluted water that would be released from the process. In the
real situation, it is also true that one litre of water will assimilate more than one pollutant. This
methodology is useful when deciding in a general case, but it will not be sufficient for assessing
the environmental impacts of an individual installation. When determining BAT at an
installation, a more detailed assessment which might require detailed dilution modelling of
individual pollutants is likely to be required. There may also be a need to consider the
synergistic and antagonistic effects of combining pollutants. Issues such as the type of
watercourse (river, lake, coastal water, etc.), the dilution available, ambient pollution levels, and
the other uses of the watercourse (drinking water, swimming, fisheries, etc.), will all need to be
considered when setting individual permit conditions.

This methodology is analogous to the human toxicity potential calculation. A short summary of
the derivation procedure for PNECs is set out in the text at the end of Annex 3 and is similar to
the approach used in the water framework Directive [10, European Commission, 2000]. At the
time of development of this document, the list provided in Annex 3 is the most comprehensive
listing of PNECs available, but care needs to be taken when interpreting the results. The
derivation of PNECs for individual substances has been carried out by a variety of techniques
where different safety factors are applied depending on the amount and type of information
available on the toxic effects of the substance. Although this is a useful approach that fits in
with the precautionary principle, the confidence limits that surround the numbers that have been
derived are different in each case.
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Work is continuing to establish PNEC values and the methodologies have been refined to the
current methodology which is described in the technical guidance document [46, European
Chemicals Bureau, 2003]. This guidance has been developed in support of Commission
Directive 93/67/EEC [47, European Commission, 1993] on Risk Assessment for new notified
substances, Commission Regulation (EC) No 1488/94 [48, European Commission, 1994] on
Risk Assessment for existing substances and Directive 98/8/EC [49, European Commission,
1998] of the European Parliament and of the Council concerning the placing of biocidal
products on the market.

As these assessments are carried out, the values derived by the European Chemicals Bureau
from these procedures will replace those values listed in the table in Annex 3.

Whole effluent assessment may offer a useful means to address aquatic toxicity of mixtures of
substances although care needs to be taken when using data from specific effluent streams in
drawing sector relevant conclusion.

2.5.4 Acidification

The deposition of acidifying substances from acid gases in the air has been shown to cause a
wide range of impacts. The effects include damage to forests, lakes and ecosystems,
deterioration of fish populations and erosion of buildings and historical monuments. Although
some acid gases come from natural origins, many originate from man-made sources such as
transport, industrial processes and agricultural practices. Control of acidifying emissions has
been a high priority in recent years and a great deal of work has been undertaken to improve the
understanding of acid deposition mechanisms and to negotiate reductions of industrial acid gas
emissions.

2.5.41 Assessing the acidification potential of a proposal

The gases that have the most significant acidifying effect are sulphur dioxide (SO,), ammonia
(NH3), and oxides of nitrogen (NOy).

‘Acidification potentials’ have been calculated to enable each pollutant to be expressed as a
sulphur dioxide equivalent [15, Guinée, et al., 2001]. Calculation of the mass pollutant released
multiplied by the acidification potential of the individual gases allows the total acidification
effect of a proposal to be calculated and expressed as an overall sulphur dioxide equivalent.

The mass emissions that were compiled earlier for the inventory in Guideline 2 are summed
using the formula:-

Acidification = Z AP poluanyy x mass of pollutant released (oiutany
Where:

Acidification expressed as kg SO, equivalent

AP onutanty 15 the acidification potential of the pollutant in sulphur dioxide equivalents
(see Annex 4)

mass of pollutant released onutant) 1S the mass of the pollutant released in kg
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2.5.4.2 Issues to consider

The acidification potentials listed in Annex 4 are derived from [15, Guinée, et al., 2001] and are
average values that are thought to be representative of Europe as a whole.

The detailed modelling behind the acidification potentials was carried out as part of the UNECE
‘Convention on Long Range Transboundry Air Pollution’®, which assesses the effects of
acidification, eutrophication and ground level ozone. Land areas are split into individual area
grid squares, which are then assessed for their susceptibility to acidification effects. This
assessment is based on a range of factors, which include soil type, vegetation, buffering capacity
and how close that area is to its critical load for acid deposition. Each individual square has a
different acidification potential for individual polluting gases.

There are limitations with using this method, as not all of those pollutants that cause
acidification have acidification potentials listed (for example, no values have been derived for
HCI and HF). The acidification potentials listed are also underestimated as they do not take into
account the acidifying impacts outside Europe. The effect of acidic emissions will also vary
depending on where the emissions are released, the metrological conditions that disperse them
and the sensitivity of the area where the emissions are finally deposited.

This approach is useful as an indicator when making decisions on the best option for the
environment when the geographical location of a proposal is not known, as would be the case
when determining BAT for a BREF. Note that average acidification potential values are not
appropriate for use when the location of the proposal is known. When determining permit
conditions for individual installations, there is likely to be a need to undertake detailed
dispersion modelling to assess the effects of the emission. This is especially true where local air
quality standards might be compromised because of existing background concentrations, or in
areas where there are sensitive receptors.

2.5.5 Eutrophication

Eutrophication (may also be referred to as nutriphication) is the process of nutrient enrichment
that occurs when pollutants can act as nutrients for photosynthetic organisms, and are directly or
indirectly supplied to an ecosystem. The increase in nutrients causes some plant species to grow
excessively and others to disappear. Eutrophication is especially a problem in coastal and inland
waters, where blooms of algae can develop and lead to a depletion of oxygen in the water,
affecting plants, fish and other life forms — these algae are often toxic to animals and humans.
Excess nitrogen deposition on land can increase the nitrate concentrations in groundwater,
which makes the water unpalatable. Eutrophication also causes nitrogen to leach from soils,
increasing the acidification of surface and groundwaters.

2.5.5.1 Assessing the eutrophication potential of a proposal
The compounds that cause eutrophication are those that contain nitrogen and phosphorus. Using
the life cycle assessment methodology, eutrophication potentials have been compiled for a range

of compounds, so that total eutrophication effects can be calculated for the alternative proposals.

The eutrophication effect can be calculated using the formula:

A summary of the assessment methodology for the “United Nations Economic Commission for Europe” (UNECE) “Convention
on Long-Range Transboundary Air Pollution” can be found at http://www.iiasa.ac.at/~rains/dutch/pollueng.pdf
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Eutrophication = Zeutrophication potentialpoiutany X mass of pollutant released (poliutant

Where:
eutrophication potentialpouuanty 0f the pollutant is expressed as kg phosphate ion equivalents

PO 431 ~ (see Annex 5)

mass of the pollutant released @ouutant) in kg is taken from the inventory that was compiled
earlier in Guideline 2.

The eutrophication potentials presented in Annex 5 are taken from [11, Guinée, 2001].

2.5.5.2 Issues to consider

The eutrophication potentials presented here are based on the contribution that the pollutant
released has on biomass formation, this is derived from the average composition (N/P ratio) of
biomass.

The limitations in applying this methodology to an installation are similar to those described
earlier for acidification. Although useful for making decisions in general cases, this approach is
not suitable for assessing the eutrophication potential of emissions on the local environment for
an individual installation. It ignores the local dispersion characteristics, the fate of the pollutant
once released, the nature of the receiving environment and the sensitivity of the local
environment to the individual pollutant released.

This methodology is based on the approach used in life cycle assessments. There are concerns
about adding together emissions to air, water and land (i.e environmental effects in different
environmental media), in that the scientific validity of doing so is dubious. Nevertheless, this
approach does allow a quick and simple assessment of the eutrophication potential of the
options to be carried out. Users should still be wary of this and where the results are not clear,
there may be a need to break the pollutants fate down into more detail (and split emissions
between air/water/land).

When determining the permit conditions for an individual installation, detailed dispersion
modelling of individual pollutants (air/water/land) in the local environment are likely to be
necessary.

2.5.6 Ozone depletion

The ozone layer is the layer in the stratosphere, which helps to protect animals and plants from
the sun’s UV radiation. Ozone depletion is the effect of the stratospheric ozone layer being
broken down by chemical reactions with polluting gases released from human activities. These
polluting gases include chlorofluorocarbons, halons and other gases that may be released from
IPPC processes. Depletion of the ozone layer can cause damage to crops and health effects such
as eye cataracts and skin cancers in both humans and animals.

To reduce ozone depletion, the strategy is to reduce emissions of the polluting gases that cause
the breakdown of the ozone layer.
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2.5.6.1 Assessing the ozone depletion potential of a proposal

To help with the strategy of reducing the emissions of polluting gases, the relative stratospheric
ozone depleting effects of a wide range of gases have been evaluated. The results of the research
carried out have been brought together by the World Meteorological Office [3, World
Meteorological Office, 1998]. The 1987 Montreal Protocol on substances that deplete the ozone
layer [31, United Nations Environment Programme, 1987] lists multiplication factors, so that a
range of gases can be multiplied by their ‘ozone depleting potential’ and then expressed as
CFC-11 equivalents.

The ozone depleting potentials of a range of gases can then be added together and expressed as
an ozone depleting potential by using the formula:

Ozone depletion = Z ozone depletion potentialpoiuany x mass of pollutant releasedpolutant

Where:

Ozone depletion is the sum of the ozone depleting potentials for the technique under
consideration in kg CFC-11 equivalents

ozone depletion potentials are listed in Annex 6.

mass of the pollutant released youcane 15 the mass of the pollutant in kg

2.5.6.2 Issues to consider

The effect on the ozone layer and the theory behind ozone depleting potentials is relatively well
understood and internationally accepted. Ozone depletion is not an issue that has local effects
and although minimising releases of the chemicals that cause the problem remains a high
priority for the permit, when evaluating an individual installation, this topic is unlikely to be
assessed in any more detail than that presented here.

2.5.7 Photochemical ozone creation potential

Ozone at lower elevations, also called tropospheric ozone or ground level ozone, is a pollutant.
It is formed by a complicated series of chemical reactions, initiated by sunlight, in which
nitrogen oxides (NOx, where NOx = NO + NO,) and volatile organic compounds (VOCs) react
to create ozone. These chemical reactions are not instantaneous, but take place over several
hours or even days depending on the compound. Once ozone has been produced it may persist
for several days.

Consequently, ozone measured at a particular location may have been caused by VOCs and
NOx emissions many hundreds or even thousands of kilometres away, and may travel further
still for similar distances. Maximum concentrations, therefore, generally occur downwind of the
source areas of the precursor pollutant emissions. In urban areas, where concentrations of traffic
emissions may be high, nitric oxide (NO) from exhaust emissions may react with ozone to form
nitrogen dioxide (NO,), thereby reducing ground level ozone concentrations. However, as the
air movement carries the primary pollutants away, more ozone is generated and concentrations
rise in downwind areas [7, European Commission, 1999].
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Tropospheric ozone can cause damage to human health, such as respiratory difficulties in
sensitive people, damage to vegetation and corrosion to materials. The approach for controlling
levels of ground level ozone is to reduce the levels of NOx and VOCs released from industrial
processes.

2.5.7.1 Assessing the photochemical ozone creation potential of a proposal

The ozone creation potential of individual VOCs depends on their structure and reactivity. In
order to evaluate the total effect of releasing different VOCs, the UNECE ‘Protocol to Abate
Acidification, Eutrophication and Ground level Ozone’ convention® proposed the concept of
using photochemical ozone creation potentials (POCPs).

The use of POCPs allows a range of VOCs to be expressed as ethylene equivalents and summed
using the formula:

POCP otal) = Z POCP poinutany x mass of pollutant released (polutant)
Where

POCP a1y is the Photochemical ozone creation potential expressed as kg ethylene
equivalents

POCP onutany 1s the photochemical ozone creation potential of the individual pollutant

mass of pollutant released is the mass of the pollutant which has a photochemical ozone
creation potential that would be released in kg (from the inventory in Guideline 2).

POCPs have been established for a number of VOCs and other substances, and are listed in
Annex 7.

2.5.7.2 Issues to consider

The reactions involved in photochemical ozone creation are complex, and are difficult to model
accurately because they involve the interaction of a range of chemicals, sunlight and
meteorological conditions. There is considerable uncertainty over individual POCP values and
prediction of the concentrations of ozone that will be formed is difficult. Even so, the approach
outlined here is a useful technique for comparing the effects of alternative proposals.

There is also a need to take into account the requirements of Directive (1999/13/EC) on the need
to limit emissions of volatile organic compounds due to the use of organic solvents in certain
activities and installations [44, European Commission, 1999], which sets limit values to reduce
VOC emissions.

More information on the convention can be found at http://www.unece.org/env/Irtap/multi_h1.htm
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2.6 Guideline 4 — Interpret the cross-media conflicts

Where an obvious conclusion has become apparent from the assessments carried out in the
previous guidelines, then providing a sensitivity analysis has been carried out on the key
assumptions, the recommendation can be stated with the justification built on the findings from
the assessment. If no obvious conclusion has been reached, due to apparent cross-media
conflicts, then there may be a need to present the results in a transparent way so that the
decision maker can evaluate the relative merits of the alternatives under consideration.

In order to compare the options, and the results of the evaluations carried out so far, three
possible approaches are set out below. These approaches may be used individually or they may
be used together:

e the first approach is a simplistic approach of comparing the results from each of the
environmental themes calculated previously

e the second is more complex and allows the effects calculated so far to be compared against
the European totals for each of the environmental themes

e the third approach allows for individual pollutants to be compared with the European
pollutant emissions register.

The guidelines described so far are useful, in that they set out the information in a transparent
way so that the decision-maker can compare the alternatives fairly. At this stage, there is a need
to question the accuracy of the data and carry out a sensitivity analysis which can be based on
the accuracy of the factors that have been used. At this stage, there may also be a need to
consider the relative priorities that can be attached to the environmental themes or even
individual pollutants. The methodology cannot make the decision, it is just a tool that allows the
user to set out the issues so that the decision maker can consider the alternatives fairly.

None of the methodologies set out below are perfect and expert judgement will be necessary to
complete this evaluation. Issues that might be important (particularly in the local situation [18,
UK Environment Agencies, 2002],) [62, Federal Environmental Agency Germany, 1999]
include inter alia:

e the contribution to an environmental benchmark: if the process contribution of a substance
is very low in comparison to its benchmark then this will be less important in the decision-
making process than when the contribution is high

e environmental quality: where the existing environmental quality is poor, greater importance
(particularly in the more local situation) may be placed, in the assessment of relative
performance, on reducing the contribution from the process to that aspect of the
environment

e the presence of sensitive receptors: greater importance may be given where there is local
proximity of receptors or habitats that are particularly sensitive to a substance or its impacts

o the nature of the effects: long-term irreversible effects may be considered to be worse than
short-term, reversible ones

e highly persistent, bioaccumulative, toxic and carcinogenic substances which are a priority
due to their potential for long-range and transboundary effects.

2.6.1 Simple comparison of each of the environmental themes

Using the values calculated in Guideline 3, a simple comparison can be carried out to see which
of the alternatives is the best performer for each of the environmental themes. This is a quick
and simple assessment, but does not give any indication of the magnitude of the differences
between each of the alternatives; therefore, it will still need some discussion as to how
significant the differences between the alternatives are. As mentioned above, a sensitivity
analysis on the component factors increases the objectivity in assessing alternatives.
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2.6.2 Normalisation to European totals

The effects from alternative options can be normalised against a common reference value. The
common reference might be, the contribution that the alternative would make to a specific total
European load (for example, the contribution that the alternative under consideration makes to
the European total emissions of 4.7 x 10'* kg carbon dioxide equivalents). This can be used as a
mechanism for assessing the significance of the different environmental effects from the
alternative options. (This is analogous to the ‘contribution analysis’ step in life cycle
assessment.)

The greatest difficulty with this procedure is establishing the common reference point to
normalise against. Some work has been carried out to establish common references for total
European loads and those that have been derived for the themes used in the cross-media
methodology are listed in Table 2.2 below.

Environmental Theme Units Total European load
(1994/1995)
Energy' MJ/year 6.1 x 10"
Waste' kg/year 54x10"
Human toxicity Not available
Global warming (100 year time horizon)? |kg CO, equivalent/year 4.7x 10"
Aquatic toxicity Not available
Acidification’ kg SO, equivalent/year 2.7x10"
Eutrophication® kg PO 431 ~ equivalent/year 1.3x10"
Ozone depletion (infinite time horizon)> | kg CFC-11 equivalent/year 8.3x 107
Photochemical ozone creation potential’ | kg ethylene equivalent/year 8.2x10°
' Based on [9, Blonk TJ et al, 1997] — waste would be better divided into hazardous, non-hazardous and|
inert figures if data available
’ Based on [8, Huijbregts, et al., 2001]

Table 2.2: Total European Loads

Users should take care when using this methodology. The European totals listed above carry
significant uncertainties and so the conclusions that can be drawn from them should be
considered with caution. Thus it is recommend to only consider differences in order of
magnitude.
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2.6.3 Normalisation against European pollution emission register data

For the purpose of this methodology, known emission levels of different pollutants resulting
from the use of different techniques can be compared to the total emissions from IPPC
installations within the EU as reported to the European pollution emissions register (EPER®).
The comparison can either be carried out with the aggregate figures for all IPPC sectors, or,
more appropriately, with the aggregate figures for the specific IPPC sector in question. It can be
carried out using either the EU-wide data or the country wide data. The following simple
example can serve as an illustration of how emissions could be normalised.

One technique might lead to emissions of methane to air corresponding to 0.01 % of the total
methane emissions to air in the (EU) sector and at the same time, a level of emissions of phenols
to water corresponding to 1% of the total phenol emissions to water in the (EU) sector.
Similarly, a second technique might lead to emissions of methane to air corresponding to 0.1 %
of the total methane emissions to air in the (EU) sector and emissions of phenols to water
corresponding to 0.001 % of the total phenol emissions to water in the (EU) sector. Compared to
the first technique, the second thus leads to 10 times higher relative methane emissions to air but
1000 times lower relative phenol emissions to water.

When using EPER data, it should be kept in mind that the data will inevitably not be 100 %
accurate and will carry similar levels of uncertainty as the total European loads. This is why it is
recommended to only consider differences in orders of magnitude.

2.6.4 Screening local environmental effects

Article 9 (4) and Recital 18 of the Directive provide that it is for Member States to decide how
to take account of local environmental conditions. Article 3 of the Directive does require that
installations are operated so that no significant pollution is caused. Determination of BAT for a
sector cannot take into account detailed local issues and this section describes a way in which
local significance can be estimated. Across Europe, there are significant variations in receiving
environments, in local ambient concentrations of pollutants and in environmental priorities. For
any individual process, the assessment of likely impacts of the proposal may require detailed
dilution and dispersion modelling of individual pollutants. The dilution factors below can be
used as a quick screening tool to evaluate which pollutants might need to be modelled in more
detail in the local situation. Different techniques may be equally appropriate depending on the
procedures and environmental quality standards that individual Member States have in place.

The dilution factors listed below are considered to offer sufficient protection in many cases. [18,
UK Environment Agencies, 2002] [45, Goetz, et al., 2001] Nevertheless, there may be local
situations, where an environmental quality standard for a pollutant is already being exceeded or
is close to its threshold. In these cases, a detailed assessment of that pollutant may still be
appropriate to assess the likely impact. There may also be cases where there is a need to
consider the dispersion and impacts of long range emissions. Alternatively, the discharge from
the IPPC process might pass through a water treatment facility before discharge to the
watercourse, in which case it is the likely impact of the final discharge to the watercourse that
needs to be considered. Whilst this section focuses on emissions to air and water, other issues
such as odour and noise may be important at the local level. Ultimately the decisions as to what
approach is used and if detailed modelling is appropriate, will need to be made locally.

Y on17 July 2000, the Commission adopted Decision 2000/479/EC on the implementation of a European Pollutant Emission

Register (EPER) according to Article 15(3) of the IPPC Directive.

Information on emissions of 50 pollutants and pollutant groups above certain fixed thresholds from facilities covered by the
IPPC Directive will be available in the EPER. For the first time in June 2003, Member States were obliged to report to the
Commission data on total annual emissions in 2001 (optionally 2000 or 2002). For further information about the pollutants that
are covered by the EPER, see Commission Decision 2000/479/EC

(http://www.europa.eu.int/eur-lex/en/lif/reg/en_register 151020.html).

The Commission, assisted by the European Environment Agency, make the data in the EPER register publicly accessible by
dissemination of the reported data on the Internet, including disclosure of site-specific information of relevant polluting sources
as well as various aggregated figures. (http://www.eper.cec.eu.int),
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Screening local environmental effects

To screen whether environmental effects are likely to be significant at the local level, the
following methodology can be used as a simple guide.

emission concentration (mg/m’or mg/1)

Dispersed Concentration = —
dilution factor

In the absence of actual typical data, standard dilution factors can be used for such screening:
o for discharges to water, a dilution factor of 1000

o for discharges to air, a dilution factor of 100000 (based on discharge from a
chimney stack from, e.g. combustion plants)

The resulting dispersed concentration can then be compared to the relevant environmental
quality standard, or similar benchmark.

If the release does not contribute to a dispersed concentration of greater than 1 % of the relevant
environmental quality standard, or a similar benchmark, then the emission is sometimes
regarded as insignificant (see text above this box).

2.7 Conclusions on cross-media effects

The methodologies outlined above allow comparisons to be made between alternative process
options. The guidelines are designed to make the evaluation as transparent as possible. To
ensure that the assessment is efficient, there has been a need to simplify the methodologies. A
balance has, therefore, been struck between the complexity of the assessment and the resources
required when using it. Users need to understand this and ensure that the final decision is not
distorted because of these simplifications.

The cross-media guidelines should be used with caution; limitations with the methodology have
been highlighted in the text. One of the biggest concerns is the choice of multiplication factors,
as these can skew the results significantly. Confidence in the calculated results diminishes as
multiplication factors are used and different pollutants are aggregated. Concerns about the
derivation of multiplication factors have also been identified in the text. As each step introduces
further uncertainty, the error bands surrounding the numbers accumulate.

Although the cross-media evaluation described here is comprehensive, it is neither exhaustive
nor exclusive as there may be other additional factors that might be important in individual
cases. There may for instance be pollutants released from the process that are not captured by
the environmental themes described here. There may be other pollutants that, although they
have an effect within an environmental theme, there are no multiplication factors that have been
derived for them. The Directive requires the consideration of issues that could not be
incorporated in the assessment, such as noise, vibration, odour, risks to the environment, etc.
The user should be vigilant and ensure that any other important environmental effects that might
occur as a result of applying a proposal are still considered in the assessment.
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Any issues not considered fully or any concerns about the validity of the data need to be
understood both by the user of the cross-media methodology and the decision-maker. Expert
judgement will be required in evaluating the results of the assessment and determining which
option is preferred from an environmental point of view. The user will also need to ensure that
transparency is always maintained throughout the assessment and in the decisions taken.
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3 THE COSTING METHODOLOGY

Once the options have been ranked according to environmental performance, the option that
results in the lowest impact on the environment as a whole will usually be BAT, unless the
economic considerations mean that it is not available [18, UK Environment Agencies, 2002].
After the cross-media assessment, there may be a need to compare the costs of the alternative
techniques. In order for the alternatives to be treated consistently, it is important that the cost
information, which may have been derived from different sources, is collected and handled in
the same way. The rules set out below help to set a framework under which the costs can be
gathered, attributed and processed transparently, so that fair comparisons can be made.

When using cost data, it is important to remember that accounting conventions vary across
Europe and between companies. As a consequence, it can be very difficult to make fair
comparisons between cost information for installations, especially when those costs have been
derived from different sources or have been manipulated in different ways. The methodology
described below is based on the work carried out by the IPPC TWG on economics and cross-
media effects and reported in the document ‘Costing Methodology for BAT Purposes’ [4,
Vercaemst, 2001]. This work was based on guidance published by the European Environment
Agency - ‘Guidelines for defining and documenting data on costs of possible environmental
protection measures’ [6, European Environment Agency, 1999] and on the VDI - 3800
Guidelines [36, VDI, 2000].

The costing methodology sets out a framework which allows the cost data for installing,
operating and maintaining a process or technique to be gathered and processed. Adopting a
consistent approach in this way allows the alternatives to be compared, even when the data is
derived from different companies, different industries, different regions or different countries.
The steps involved in this chapter are shown schematically in Figure 3.1 below.

Guideline 5
Scope and identify the alternative options

!

Guideline 6

Gather and validate the cost data

¥
Guideline 7
Define the cost components:
investment costs
operating and maintenance costs
revenues, benefits and avoided costs

|

Guideline 8
Process and present the cost information:
exchange rates
inflation
establishing prices in the base year
discount and interest rates
calculating annual costs

|

Guideline 9
Attributing costs to environmental protection

¢ Jaydeyo
ABojopoyjaw Buyson

Figure 3.1: The steps involved in the costing methodology
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The steps involved in this chapter are:

1. Guideline 5 - Scope and identify the alternative options: This guideline is analogous to
Guideline 1 in the cross-media methodology.

2. Guideline 6 - Gather and validate the cost data: This guideline leads the user through
the steps necessary to gather and validate the cost data and deal with any uncertainties
that the data might have.

3. Guideline 7 - Define the cost components: This sets out the cost components that need
to be included or excluded from the assessment. When assessing the results, it is useful
for the decision-maker to be able to understand how the costs were made up and
whether the costs are attributed to the cost of the installation or whether they are
operating or maintenance costs. The guideline requires that the costs are presented as
transparently as possible.

4. Guideline 8 - Process and present the cost information: This sets out the procedures for
processing and presenting the cost information. There is a need to take account of
interest rates, discount rates, the economic lifetime of the equipment and any scrap
value that equipment might have. Where possible, the costs should be presented as an
annual cost; the calculations required to establish this are explained in Section 3.4.

5. Guideline 9 — Attributing the costs to environmental protection. This sets out how costs
for environmental protection can be distinguished from costs for things like process
improvements or process efficiencies.

The aim of this methodology is to make the assessment as transparent as possible. The costs
should be broken down into a sufficient level of detail that shows which costs are attributed to
investment expenditures and which are attributed to operating and maintenance costs. The
methodology offers the user some flexibility to choose the interest and discount rates that best
fit the application under consideration. However, the choice of interest and discount rates need
to be justified and those rates then applied in the same way to all the alternatives, so that they
can all be compared fairly. Applying these guidelines should allow both the user and the
decision-maker to compare the alternative options in a transparent and equitable way. In
practice, cost data are often estimated and seldom available broken down into detailed
components or to the level where changes in annual costs year on year can be made with any
degree of accuracy.

3.1 Guideline 5 — Scope and identify the alternative options

Scoping and identifying the alternative options is analogous to the approach set out in
Guideline 1 of the cross-media methodology. In many cases, the descriptions derived for
Guideline 1 will be sufficient, but it is likely that there will now be further information available
to supplement the description. Issues such as the technical characteristics of the alternatives,
including the (expected) technical and economic lifetime of the equipment, and operational data
such as energy use, use of reagents, maintenance, water consumption, etc. will also have been
established by now.

At this stage it should also be possible to describe the environmental benefit that will be realised
by implementing the technique. It is useful to express this environmental benefit as a
comparison with a base case, or the expected efficiency of the technique. Efficiency is often
expressed as a percentage, e.g. ‘an incinerator reduces organic emissions by over 95 %’.
However, this is not always helpful, as it does not describe what the uncontrolled emissions
were. Therefore, it is more useful to record the efficiencies in two ways:
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1. as a base case emission or emission factor for the installation together with a percentage
efficiency for the technique; e.g. “for a process emitting over 1000 mg of solvent per m’
of exhaust air, an incinerator will have a solvent destruction efficiency of at least 95 %’.

AND/OR

2. as performance data (emissions or emission factors) for the installation after
implementation of the measure e.g. ‘for a solvent emitting process fitted with an
incinerator, the emission is normally 10 mg of solvent per m’ exhaust air, or less’.

The first approach allows the estimation of both the emission abatement and the remaining
emissions, whereas the second approach only provides information on the remaining emissions.
There should be no ambiguity in the description as this forms the basis for gathering the cost
data. It is useful to be as specific as possible, particularly when describing the technique and the
environmental benefits that it will deliver.

3.2 Guideline 6 — Gather and validate the cost data

There are many data sources from which cost data could be derived and the applicability,
timeliness and validity of the data may differ depending on the source. Both the user and the
decision-maker need to know about any concerns that could effect the validity of the data as
they may have a bearing on the conclusions that are drawn from the assessment, and thus, on the
final decision that is taken. The aims of Guideline 6 are to identify the sources of the cost data
used, to establish how these are referenced, and to advise on how to deal with any uncertainties
in the data.

Data are always originally derived to serve a specific purpose and are, therefore, likely to
include some element of subjectivity which must be borne in mind when using data for a
purpose other than the one it was originally intended for. There may also be different accounting
conventions and reporting formats used by different companies and applied in different
countries. There may even be claims of commercial confidentiality for data, which will need to
be handled with some sensitivity. Dealing with confidential information also makes the
assessment more difficult to verify. All of these issues can cause difficulties when the user or
decision-maker is trying to validate the figures or make meaningful comparisons.

Throughout this section where reference is made to costs, it should be borne in mind that any
cost saving also needs to be taken into account.

3.2.1 Sources of cost data

Cost data can be obtained from a variety of sources but whatever the source, the user needs to
think critically about the validity of the data. Costs may either be over or under estimated [12,
Pickman, 1998]. The data will also have a ‘shelf-life’, as costs and prices can vary over time.
For example, the price of a technique could increase with inflation or, it could fall as the
technology changes from an experimental to a mass-produced technique. Possible sources of
cost data include:

industry, e.g. construction plans, documentation of industrial projects, permit applications
technology suppliers, e.g. catalogues, tenders

authorities, e.g. the permitting process (for a new or updated permit)

consultants

research groups, e.g. demonstration programmes

published information, e.g. reports, journals, websites, conference proceedings

cost estimates for comparable projects in other industries or sectors.
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To improve validity, the user should gather cost data from a number of independent sources, if
possible. The source and the origin of all data should be recorded. This will allow the data to be
traced and validated at a later date if necessary. If the data source is a published report or
database, then a standard bibliography will normally suffice for this purpose. If the data source
is a verbal or some other undocumented communication, this should be clearly stated and the
source and date recorded.

The user should strive to identify and use the most recent valid data available. The year to which
the cost data apply and the currency exchange rate applied should always be stated. The costs
should be reported as ‘actual expenditure’, that is the costs need to be reported in the year in
which the actual expenditure was or will be incurred, even if they are subsequently adjusted to
take account of time. This ensures transparency and allows the users to manipulate the data in
different ways if necessary. Guidance on how to adjust cost data to take account of time,
inflation and on the use of discount rates, are set out in Guideline 8.

3.2.2 Documenting data uncertainty

As a minimum, the assessment should include a discussion of the key uncertainties related to the
data. In some cases, there may be a number of uncertainties associated with cost data and the
operating performance of the proposed technique. These uncertainties might be due to a lack of
available information, or possibly because the key assumptions behind the cost data are not
always transparent.

The approach previously described in the cross-media assessment (Section 2.4.1) is a useful
guide to dealing with uncertainties in the data. In many cases, there will be quantitative
measures or a range of uncertainty that can be attributed to the data. Where this information is
available it should be recorded, so that it can be used later in the assessment to establish
confidence in the upper and lower ranges by carrying out a sensitivity analysis. Where
quantitative information on the data is not available, a data quality rating system can be used to
give a qualitative indication of the reliability of data. The rating score gives a rough guide to the
user or reader as to the confidence that they can have in the data and helps to give some
indication of how thorough the sensitivity analysis needs to be.

3.2.3 Summary of guideline 6
In the context of this guideline, the following aspects are considered important:

the origin of the information should be stated clearly (year and source)

the data should be as representative as possible

cost data should be gathered from a number of (independent) sources

the source and origin of all data should be recorded as precisely as possible

the most recent valid data available should be used

the year of the cost data and the currency exchange rate applied should always be stated
costs should be reported as actual expenditure

if possible, quantitative ranges should be provided to describe the validity of the data. If this
is not possible, a qualitative indication could be used.
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3.3 Guideline 7 — Define the cost components

To help with comparison of the data, the cost components that have been included in the cost
data should be clearly stated when the assessment is reported. The aim of this guideline is to
define which cost elements should be included or excluded and also to give guidance on how
those elements that are included should be reported. The breakdown of costs into its
components, e.g. investment, operating and maintenance costs, etc., is essential for the
transparency of the process, although it is often difficult in practice to split costs between
process and environmental.

The following is a useful hierarchy for the level of disaggregation of the cost data:

(1) Total investment expenditure, total annual operating/maintenance costs and total
annual benefits/revenues should all be reported separately.

(2) Investment expenditure should be split between pollution control equipment expenditure
and process control or installation expenditure.

(3) As far as possible, annual operating and maintenance costs should be split between
energy, materials and services, labour, and fixed operating and maintenance cost.

All costs should be measured in relation to an alternative. The alternative is usually the existing
situation, or the ‘base case’ in which the environmental protection technique has not been
installed. The base case will have been established from the cross-media methodology and the
costs of the alternatives will be expressed in relation to the base case. For new plants, the costs
for all of the options will need to be declared.

3.3.1 Check-list of cost components

Disaggregating the cost data between the individual cost components is useful and should be
carried out as much as possible. The three checklists presented below list some of the cost
components that are most useful for the assessment. The checklists cover ‘investment costs’,
‘operating and maintenance costs’ and ‘revenues, avoided costs and benefits’. These checklists
are not exhaustive and other components might be important in individual cases.
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Investment costs
Installation expenditure:

It would be useful if the costs are disaggregated into such a level of detail that the following are
