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Executive Summary

EXECUTIVE SUMMARY

This report describes the methodology used by the ExternE Project of the European
Commission (DGXI1) JOULE Programme for assessment of the external costs of energy. Itis
one of a series of reports describing analysis of nuclear, fossil and renewable fuel cycles for
assessment of the externalities associated with electricity generation. Part | of the report deals
with analysis of impacts, and Part Il with the economic valuation of those impacts.

Analysisis conducted on amarginal basis, to allow the effect of an incremental investment in

a given technology to be quantified. Attention has been paid to the specificity of results with

respect to the location of fuel cycle activities, the precise technologies used, and the type and

source of fuel. The main advantages of this detailed approach are as follows:

e It takesfull and proper account of the variability of impacts that might result from different
power projects,

e It is more transparent than analysis based on hypothetically ‘representative’ cases for each
of the different fuel cycles;

e It provides aframework for consistent comparison between fuel cycles.

A wide variety of impacts have been considered. These include the effects of air pollution on
the natural and human environment, consequences of accidents in the workplace, impacts of
noise and visua intrusion on amenity, and the effects of climate change arising from the
release of greenhouse gases. Wherever possible we have used the ‘impact pathway’ or
‘damage function’ approach to follow the anaysis from identification of burdens (e.g.
emissions) through to impact assessment and then valuation in monetary terms. This has
required a detailed knowledge of the technologies involved, pollutant dispersion, analysis of
effects on human and environmental health, and economics. In view of this the project
brought together a multi-disciplinary team with experts from many European countries and
the USA.

The gspatia and temporal ranges considered in the analysis are dependent on the type of
impact under assessment. For example, noise effects will only be experienced over a
maximum of afew kilometres, impacts associated with emission of acidifying pollutants from
power stations act over one thousand kilometres or more; impacts associated with long lived
radioisotopes emitted to the atmosphere, or greenhouse gases, require global assessment. In
all cases we have sought to quantify impacts over as much of the range affected as possible.
Similar variation between impacts exists with respect to the timescales involved - some
impacts are short lived, others will persist for many thousands of years. The assessment of
long-term impacts brings in aneed for discounting. The central discount rate used here is 3%,
though a rate of 0% has also been used for transparency, to demonstrate the problem of
discounting long term impacts, and also to demonstrate sensitivity to discount rate.
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This report aims to present the methodology in a transparent manner in more detail than has
been possible elsewhere, clearly identifying the uncertainties involved and the assumptions
that are being made. A major difficulty concerns the quantitative description of the
uncertainties associated with the anaysis. The mgor problem is that some aspects of
uncertainty cannot be described numerically from the available data. To date a largely
qualitative assessment of uncertainty has been adopted although new approaches are currently
being investigated within ExternE. These will be incorporated into the methodology during
the next phase of the Project.

Some observers have stated that the detailed methodology described in this report imposes
unreasonable analytical demands. However, ExternE and other recent projects have
demonstrated that this is no longer the case. Software developed under ExternE will soon be
available, further reducing the demands placed upon analysts. The methodology described in
this report thus provides a means of providing externality data that incorporates the latest
scientific and economic knowledge on the external costs of energy which can then be
incorporated within decision making processes.
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1. INTRODUCTION

1.1 Background to the ExternE Project

The European Commission launched the project in collaboration with the US Department of
Energy in 1991. The study was initiated because of concern that the environmental impacts of
energy use were not being properly integrated into decision making processes. Advances in
scientific knowledge over recent years have demonstrated that the use of energy causes
damage to awide range of receptors, including human health, natural ecosystems and the built
environment. These damages are referred to as external costs, or externalities, to the extent
that they are not reflected in the market price of the good in question (in this case energy).
Concern has been heightened because of a realisation that the damage that has been observed
or predicted as a consequence of current activities will be irreversible in some cases, and for
others may persist for many years, and be widespread.

Work on externaities relating to the energy sector is being driven by severa factors,

including:

e The need to integrate environmental concerns when choosing between different fuels and
energy technologies;

* The need to evaluate the costs and benefits of stricter environmental standards;

» Increased attention to the use of economic instruments for environmental policy;

» Different policy initiatives to encourage competition and the market mechanism in the
energy sector (e.g. privatisation, limiting of subsides, liberalisation of energy markets).

At the level of the European Union the need for externality assessment has been stressed by a

number of measures, including:

e The Maastricht Treaty;

e TheFifth Environmental Action Programme ‘ Towards Sustainability’;

e The Commission's White Paper entitled ‘ Growth, competitiveness, employment and ways
forward to the 21st century’ (CEC, 1993);

e The proposal for an energy-carbon tax;

e The requirement of the European Environmental Agency ‘to stimulate the development of
methods of assessing the cost of damage to the environment and the costs of environmental
preventive, protection and restoration policies'.

Further discussion on the requirements for externality assessment in these measures is
provided in the ExternE Project’s Summary Report (European Commission, 1995a).
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Concern over the environmental impacts of energy are of course not confined to Europe.
Similar developments are apparent in a number of other countries such as the USA (partly
through collaboration with the ExternE Project), Australia, Canada and the former EFTA
countries, and international organisations including the International Energy Agency, United
Nations Economic Commission for Europe and the International Atomic Energy Agency.

1.2 Previous Studies

Previous work in this area can be divided into those studies performed specifically to quantify
external costs, and those which have concentrated on the quantification of impacts without
necessarily continuing to quantification of economic damage.

Two broad methodological approaches have been used in these studies. They are usually
described as ‘top-down’ and ‘bottom-up’. Top-down analyses use highly aggregated data, for
example, national emission and impact data, to estimate the damage costs of particular
pollutants. The main problem with this technique is that it tends to make poor use of the
wealth of environmental and economic knowledge that is now available. Also, the approach
is not suited to the calculation of marginal costs, which are of most interest in neo-classical
economic analysis. The advantage of the technique is in some ways a reflection of its
problems; it has low data requirements and may alow preliminary estimates to be made
where detailed information is lacking.

In contrast the bottom-up methodology (also known as the damage function or impact
pathway approach) alows the use of technology-specific emissions data for individual
locations. This is the approach selected for the ExternE Project. It uses detailed site and
technology specific data together with pollution dispersion models, detailed information on
the location of receptors and dose-response functions to calculate the physical, chemical
biological and social impacts of fuel cycle activities. These impacts are then valued in
monetary terms.

The most prominent of past externality studies are those by Hohmeyer (1988), Ottinger et al
(1990) at Pace University, Bernow et al (1990) of the Tellus Institute, ECO Northwest (1987)
and Pearce et al (1992). The Tellus Institute study differs to the others in that it used the
control cost method to quantify damages, and hence no attempt was made to quantify impacts
separately from their valuation. The other studies show a progression from fairly restricted
top-down analysis to the more complete fuel cycle based bottom-up approach. The merits of
these studies are discussed in more detail in the introduction to the ExternE Project Summary
Report (European Commission, 1995a). One of their main criticismsis that much of the work
Is derivative, with each ‘new’ study reliant on information from earlier studies. Furthermore,
the analysis has tended to be dominated by economic arguments, with less attention being
devoted to the merits of the science underlying the impact assessment.
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1.3 Objectives and Scope of the Exter nE Project
1.3.1 Objectives

The ExternE Project aims to be the first systematic approach to the evaluation of externa
costs of awide range of different fuel cycles.

The principle objectives of the ExternE Project, to date, have been:

1. To develop a unified methodology for quantifying the environmental impacts and social
costs associated with production and consumption of energy;

2. To use this methodology to evaluate the external costs of incremental use of different fuel
cyclesin different locations in the European Union;

3. Toidentify critical methodological issues and research requirements.

The emphasis in the objectives has been on methodology rather than calculation of values of
external costs. This reflects concerns, particularly in the USA, that values for external costs
are quoted and used without reference to the assumptions and methodology, both of which
have a major influence on many calculations.

The ExternE Project has been built on three important principles. First, transparency, to show
how the work is done, the assumptions made and the data used.  Secondly,
comprehensiveness, to include al significant impacts and extending the impact anaysis in
time and space to capture all relevant effects, and thirdly, consistency, to allow comparisons
between different fuel cycles and different locations. The project has criticaly reviewed and
used the best available scientific data, models and dose-response functions in the literature.

The design of internationally agreed tools is a necessary first stage for estimating reliable
values for external environmental costs. Quantitative estimates of some external costs have
been made to demonstrate the methodology developed in the study and to compare against
other studies. Hence, the objective has been to advance the state of the art, rather than to
produce definitive results, and identify areas which require further research work.

Work on the ExternE Project is to continue under the European Commission’ s 4th Framework
Programme. It is envisaged that future work will build on the existing framework but will
focus more on the potential application of externalitiesin policy and decision making.

1.3.2 Scope

The project addresses compl ete 'cradle-to-grave' analyses for site and technology specific fuel
cycles. For power generation it takes into account the chain of processes from fuel extraction
and processing, to power generation and waste disposal, including norma and accidental
operation, and for some fuel cycles electricity transmission. The impacts related to the use of
the construction materials and transport of bulk materials and personnel are also taken into
account if estimated to be an important source of externalities (for example, in some
renewable cycles). In these cases, the approach is close to alife cycle analysis. The analysis



Introduction

is done on a marginal basis, such that external costs are calculated for a new incremental
investment in each fuel cycle activity.

The methodology that has been developed could be applied to all energy systems. However,
to date the project has focused on the important power generation fuel cycles (fossil, nuclear
and renewables) and energy saving. Some work is also underway on the application of the
methodology to evaluate the externalities associated with domestic energy use and the energy-
related externalities of transport.

In this project, the term environmental externalities is broadly defined and includes all
burdens imposed by an activity on the environment that affect our welfare. Hence it includes
impacts of pollution on human health, agriculture, materials, ecosystems and how the
resultant changes in ecosystems affect our actual, potential or future possibilities to use it
(recreation, use for transportation) or the importance we may attach to conserving it
(biodiversity). Externalities may include both negative economic effects (e.g. damages) and
positive economic effects (benefits) on the environment and health. Externalities of energy
are of course not limited to environmental and health related impacts; impacts on employment
and energy security also give rise to (non-environmental) externalities. Although this project
has been defined to cover a number of these aspects, to date work has focused on the
environmental and health impacts.

The ExternE Project goes beyond earlier studiesin several respects. Theseinclude:

* A more thorough characterisation of the energy technologies and their discharges into the
environment on a site specific basis,

e Consideration of all major stages of fuel cycles rather than just electric power generation.
Significant environmental impacts occur during the mining of fuels, their transportation
and the eventual disposal of the wastes. These need to be evaluated as carefully as those of
the generating stage but previously little work has been done on them,

e Modelling the dispersion and transformation of pollutants rather than relying on previous
estimates. Existing work has relied mainly on short distance dispersion models for
assessment of air pollution impacts. Concern over the transboundary effects of pollution,
and subsequent international agreements demonstrate that it is widely recognised that this
is inadequate. Furthermore, attention needs to be paid to the transformation of pollutants,
leading, for example, to the generation of sulphate aerosols or ozone.

e Engaging in a more extensive, critical review and use of the literature on ecology, health
sciences and economics than previous studies. Many ecological, epidemiologica and
valuation studies have come out in the last five to ten years. The ExternE Project has
reviewed these and used the latest information available in developing impact pathways
and in valuing them.

e ldentifying cases where externalities may be partially, or wholly, internalised.

The ExternE Project study is closely linked with other work being undertaken within the
European Commission's programmes. For example, an overall objective of this project is that
the results of this project will provide the environmental dimension in the new generation of
energy-economy-environment models (Systems for Externalities and General Equilibrium,
SOLFEGE Project), currently under development within the JOULE programme. The
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internalisation of external costs into energy policies requires not only a better assessment of
the external costs but aso tools to assess different policy options and to identify the optimal
mix of instruments for internalising external costs. The combination of the framework
developed within the ExternE Project with the new generation of energy-economy-
environment models will provide a set of powerful tools well suited to tackle such policy
issues.

1.4 Purposeand Structure of the Report

The objective of the present report is to provide details of the broad methodology devel oped
and used by the ExternE Project for impact assessment. In addition to this, background
information is also presented on a number of specific impact pathways to provide a forum for
detailed discussion and to prevent a need for repetition in other volumes in the present series.
Most of these pathways concern the impacts of emissions of the acid gases, particulates and
ozone precursors to the air, and hence are primarily associated with the fossil fuel cycles.
Detailed descriptions of the application of the methodology to the different fuel cycles
considered in the project are given in other ExternE Project reports (European Commission,
1995b-€).

The next chapter provides details of the impact pathway approach. This is followed by a
review of pollutant dispersion modelling, and then assessment of impacts on human health,
either as it affects members of the public through air pollution or accidents, or workers,
through occupational diseases and accidents. The following five chapters discuss the
methodology for air pollution effects on agriculture, natural terrestrial ecosystems, forests,
freshwater fisheries and building materials. Chapter 12 discusses the methodology for global
warming, Chapters 13 addresses noise and Chapters 14 and 15 address visua intrusion and
major accidents.

Within this report relatively little attention is devoted to assessment of nuclear and certain
aspects of renewable fuel cycles. In each case the impacts concerned tend to be quite specific
to the technologies involved, and hence these issues have been dealt with in detall in the
ExternE reports on individual fuel cycles (European Commission, 1995d and 1995¢). Part |1
of this report contains details of the methodologies used for the economic valuation of the
impacts.
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The Impact Pathway Methodol ogy

Methods for describing uncertainty

Traditional statistical techniques would ideally be used to describe the uncertainties associated
with each of our estimates, to enable us to report a median estimate of damage with an
associated probability distribution. Unfortunately this is rarely possible without excluding
some significant aspect of error, or without making some bold assumption about the shape of
the probability distribution. Alternative methods are therefore required, such as sensitivity
analysis, expert judgement and decision analysis.

So far we have mainly relied upon the use of sensitivity analysis and expert judgement. For the
sensitivity analysis we have sought to identify the most uncertain parameters in the anaysis
and then varied them over what we regard as a reasonable range. No attempt has been made to
investigate the possible propagation of uncertainties through the impact pathways using
sensitivity analysis - it has simply been applied to individual parameters.

Expert judgement has been used to report the level of uncertainty that we perceive is associated

with each set of results, taking into account all of the uncertainties that may be present. Four

confidence bands have been defined:

» H (high) - maximum uncertainty perceived to be less than an order of magnitude;

e M (medium) - maximum uncertainty perceived to be about an order of magnitude;

e L (low) - result may bein error by more than an order of magnitude;

e | - reserved for particularly uncertain results (e.g. those of the analysis of global warming
impacts) which could be in error by two or more orders of magnitude.

The confidence bands are extremely broad in their range, partly because of the types of damage
that are being assessed, and partly because the use of expert judgement becomes somewhat
meaningless if the bands are defined too tightly.

Future work on description of uncertainty

Clearly, none of the methods used so far to quantify uncertainty are ideal. An improved
methodology is certainly required to allow the proper integration of uncertainty into decision
making processes. This has aready started to be developed, and further work is planned for the
next stage of the ExternE Project.

The development work performed so far has concentrated on the most important externalities
identified by the project. For each stage of the analysis the full range of possible outcomes
needs to be defined. A probability distribution has then to be described within thisrange. The
results for each stage can be combined using commercialy available software. Further
demonstration and discussion of this approach is necessary before it can be widely
implemented.

26
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2.5 Impacts Assessed in the Exter nE Project

2.5.1 Priority impactsfor fossil technologies

The following list of priority impacts has been derived for the fossil fuel cycles. It is necessary
to repeat that this list is compiled for the specific fuel cycles considered by the present study,
and should be reassessed for any new cases. The first group of impacts are common to all
fossil fuel cycles:

Effects of atmospheric pollution on human health;

Accidents affecting workers and/or the public;

Effects of atmospheric pollution on materias;

Effects of atmospheric pollution on crops,

Effects of atmospheric pollution on forests;

Effects of atmospheric pollution on freshwater fisheries;

Effects of atmospheric pollution on unmanaged ecosystems,

Impacts of global warming;

Impacts of noise.

CoNOIUA~WDE

To these can be added a number of impacts that are fuel cycle dependent:

10. Impacts of coal and lignite mining on ground and surface waters;

11. Impacts of coa mining on building and construction;

12. Resettlement necessary through lignite extraction;

13. Effects of accidental oil spills on marinelife;

14. Effects of routine emissions from exploration, development and extraction from oil and gas
wells.

2.5.2 Priority impactsfor nuclear technologies

The priority impacts of the nuclear fuel cycle to the general public are radiological and non-
radiological health impacts due to routine and accidental releases to the environment. The
source of these impacts are the releases of materials through atmospheric, liquid and solid
waste pathways.

Occupational health impacts, from both radiological and non-radiological causes, were the next
priority. These are mostly due to work accidents and radiation exposures. In most cases,
statistics were used for the facility or type of technology in question. When this was not
possible, estimations were taken from similar type of work or extrapolated from existing
information.

The impacts on the environment of increased levels of natural background radiation due to the
routine releases of radionuclides have not been considered as a priority impact pathway. The
most important impacts to the natural environment that could be expected would be the result
of major accidental releases. This type of impact has been included in the economic damage
estimates as the loss of land-use and agricultural products after a potential severe reactor
accident. Possible long-term ecological impacts have not yet been considered.

27



The Impact Pathway Methodol ogy

2.5.3 Priority impactsfor renewable technologies

The priority impacts for renewables vary considerably from case to case. Each case is

dependent upon the local conditions around the implementation of each fuel cycle. For the

wind fuel cycle (European Commission, 1995b) the following have been considered:

1. Accidents affecting the public and/or workers;

2. Effects on visua amenity;

3. Effects of noise emissions on amenity;

4. Effects of atmospheric emissions related to the manufacture of turbines and construction and
servicing of the site.

Whilst for the hydro fuel cycle (European Commission, 1995b) we have assessed another
group:

1. Occupationa health effects;

2. Employment benefits and local economic effects;

3. Impacts of transmission lines on bird populations,

4. Damages to private goods (forestry, agriculture, water supply, ferry traffic);

5. Damages to environmental goods and cultural objects.

2.5.4 Related issues

A notable inclusion for the hydro fuel cycle was that of employment benefits. Clearly thisisa
consequence of al fuel cycles. However, its assessment and integration with other fuel cycle
effects are the subject of much debate. Within the framework of the present study it was
considered most appropriate to investigate this issue for only a single fuel cycle for the time
being, in order to raise issues of concern.

It is necessary to ask whether the study fulfils its objective of consistency between fuel cycles,
when some impacts common to a number of fuel cycles have only been considered in a select
number of cases. In part thisis due to the level of impact to be expected in each case - if the
impact is likely to be large it should be considered. If it is likely to be small it may be
legitimate to ignore it, depending on the objectives of the analysis. In general we have sought
to quantify the largest impacts because these are the ones that are likely to be of most interest.

2.6 Summary

This Chapter has introduced the ‘impact pathway’ methodology of the ExternE Project. We
believe that it provides the most appropriate way of quantifying externalities because it enables
the use of the latest scientific and economic data.

Critical to the analysis is the definition of fuel cycle boundaries, relating not only to the
different stages considered for each fuel cycle, but also to the:

e Location of each stage;

e Technologies selected for each stage;

* |dentified burdens;

e ldentified impacts;
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e Vauation criteria;
e Spatia and temporal limits of impacts.

In order to achieve consistency it is necessary to draw very wide boundaries around the
analysis. The difficulty with successfully achieving an assessment on these terms is slowly
being resolved through the development of software and databases that greatly simplify the
analysis.

The definition of ‘system boundary’ is thus broader than is typically used for LCA. Thisis
necessary because our analysis goes into more detail with respect to the quantification and
valuation of impacts. In doing so it is necessary to pay attention to the site of emission sources
and the technologies used. We are also considering a wider range of burdens than is typical of
LCA work, including, for example, occupational health effects and noise.

It will be noted that the analysis cuts across a large number of disciplines, ranging from energy
technology to ecology and economics. In order to present aview that is consistently at or close
to the current state of the art in each field it is necessary to use the skills of a wide variety of
experts. Unless such an approach is adopted it is likely that the results (both quantitative and
qualitative) would be rapidly outdated or prone to misinterpretation.

Perhaps the most important part of the analysis concerns the description of uncertainty. The
best that we have been able to achieve at the present time is a semi-quantitative error analysis.
However, we have used this to define broad confidence bands around each of our estimates.
These are an important part of the results and should, accordingly, be given due consideration.
An improved methodology for describing uncertainty for this type of analysisis currently being
developed within the project.
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