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Introduction

1. INTRODUCTION

1.1 Statusof thisReport

This report updates the earlier ExternE Methodol ogy report (European Commission, 1995a).
It provides details of advances in the methodology made during the third phase of the study
which ran from 1996 to 1997. The earlier report showed that it was possible to quantify
impacts and their associated externalities using a sophisticated approach that accounted for
the latest developments in environmental research. However, it was acknowledged that further
work was needed to improve the treatment of a series of important issues, including;

e global warming damages

e magjor accidents

e non-environmental externalities

» effects of tropospheric ozone on health and crops

e sustainability

» valuation of mortality associated with air pollution

» effects of abroader range of pollutants, such as dioxins and heavy metals

» fuel chain impacts outside the European Union

e uncertainty

The progress made in these areas forms a substantial part of the present report. Note that a
separate report on assessment of global warming within ExternE (European Commission,
1998a) is being issued simultaneously. For completeness the executive summary from that
report is reproduced here.

It was also necessary to ensure that the methodology reported in 1995 was kept up to date
with the latest research findings outside of the ExternE project. This was most important in
respect of the health effects of the major air pollutants. In 1995 most of the literature in this
field originated from the USA. Since then a number of European studies have been
completed, most significantly the EC DGXII APHEA project. The project team fedl that
without this updating, the earlier project outputs would now be of limited value.

1.2 Objectivesof the ExternE Project
The ExternE Project set out to be the first systematic approach to the evaluation of external

costs of awide range of different fuel cycles. The study’s principal objectives to the end of
1995, when the first series of reports was published, were:
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e Todevelop aunified methodology for quantifying the environmental impacts and social
costs associated with production and consumption of energy;

e To usethis methodology to evaluate the external costs of incremental use of different fuel
cyclesin different locations in the European Union;

e Toidentify critical methodological issues and research requirements.

The emphasis in the objectives was on methodology. A particular concern was that values for
external costs are quoted and used without reference to the assumptions and methodol ogy,
both of which have a major influence on many calculations.

The next phase of the study (the phase with which this report is chiefly concerned) ran from

1996 to 1997, and was in three parts;

1. The Core programme, which was oriented toward refinement of the methodology,
particularly the issues listed in Section 1.1. A second objective was to explore the issues
surrounding the application of impact assessment and externalities data. A third wasto
apply the methodology to parts of the energy sector that had not been explored previously
within ExternE (see European Commission, 1998b).

2. The National Implementation programme, in which the project methodol ogy was applied
to the power sector in 15 countries (all European Union member states except
Luxembourg, but including Norway; see European Commission 1998c).

3. The ExternE transport programme in which the methodology was adapted for
characterisation of the impacts and damages of the transport sector (IER and others, 1998).

The remit of this project is broadly defined and includes all burdens imposed by energy
related activities 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 possibilitiesto use it (recreation, use for transportation) or the
importance we may attach to conserving it (biodiversity). It aso includes effects of burdens
other than pollution, such as effects of accidentsin the workplace. 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 giveriseto
externalities.

The ExternE Project study is closely linked with other work being undertaken within the
European Commission's research programmes. For example, a specific objective of the
project in the period 1996 to 1997 was that results should be integrated with the new
generation of energy-economy-environment models (e.g. GEM E-3 and PRIMES) that were
under development within the JOULE programme.



Introduction

1.3 External Costs: Concept and Application
1.3.1 Defining External Effects

The origina scope of this Project was to value the external costs of fuel cycles. Henceitis
important to be clear what is meant by that term and what difficulties arisein interpreting it. An
external cost, or an externality (they are treated as equivalent termsin this study), arises when the
socid or economic activities of one group of persons have an impact on another group and that
impact is not fully accounted for by the first group. Thus a power station that emits SO, causing
damage to building materials or human health, is generating an externality because the resulting
impacts are not taken into account by the el ectricity generator when deciding to operate the
power station. Thisimmediately raises the question, what if the generator acts to reduce
emissions because of the impacts caused? This action may be in response to social pressure, or
because of government regulations as to what can be emitted. There are likely still to be some
impacts, but isthere an externality? The answer from the economics literature isthat if
regulations or moral pressure are such as to reduce emissions by the optimal amount then thereis
no relevant externality™ in the sense that the measured damages should be used to enforce a
further tax on the polluter, or to argue the case for further controls on emissions. Although this
may seem self-evident at one leve, it has the important implication that environmental costs and
externalities are not synonymous, and that measuring the former is not equivaent to identifying
the latter.

The issues involved can be seen more clearly with the aid of asimple diagram. Figure 1.1 below
plots the damages caused by each increase in the level of air pollution against the level itself,
damages are measured in money terms. For most conventional cases (see Tietenberg, 1992, for
details), it is generally assumed that additional (or marginal) damages increase with pollution (at
least up to a point). The argument is partly taken from a parallel with other goods that affect
individual welfare. As the amount of such goods increases, so the value of an additional unit
declines. For emissions of pollution, adeclineis equivalent to an increase in environmental
quality. So, as emissions decling, it is argued, the value of additional units of decline should fall,
giving an upward doping shape for the marginal damage curve. However, for several impacts
that have been analyzed in this Project, this argument does not hold. In these cases physical
damages are alinear function of concentration. This applies to health effects of radionuclides,
particul ates and severa other air pollutants. Concentrations are linearly related to emissions for
most dispersion processes. The exceptions are complex phenomenathat involve non-linear
effects, in particular ozone formation. Since linearity aso holds in practice for most of the
economic val uations, the marginal damage curve is most likely to be horizontal (Figure 1.1%).

! The term relevant externality is atechnical term in the economics literature and has been used for that reason.
However, it does not imply that the measurement of the externd effect is not useful or important even when the
regulation has controlled pollution to the optimal amount.

*The most typical case of an important non-linearity is where thereisathreshold level in the total damage
function, implying zero damages below the threshold level and damages increasing (possibly linearly) aboveit. In
such a case the marginal damage function would have zero damages bel ow the threshold and a positive and
constant one aboveit.
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Figure 1.1 Environmental Damage and Costs

On the same figure are plotted the additional or margina costs of reducing pollution by a small
amount (the marginal costs of abatement). Starting from any level of emissions, a cost efficient
strategy would be to undertake the least cost reduction options first, and bring in more costly
options as the amount of reduction required increased. That would imply a marginal cost of
abatement curve that was sloping as shown, and in fact empirical evidence supports that shape. If
there are no controls, and if the polluter feels no social obligation to reduce his emissions, the
observed level will be OF. At that point the costs of areduction in emissionsto OQ" are given by
the area FEQ'. At the same time, however, the benefits of the reduction in terms of reduced
damages are given by ECFQ’. Hence alevel of emission equal to OF represents a position from
which areduction is justified. However, alevel of emissions equal to OQ" does not because at
that level thereis no decrease (or increase) in emissions that will generate an increase in benefits
that are greater than the costs. In other words, OQ" represents the optimal level of emissions. If
the polluter is already at that level, the measured external cost should not be imposed on top of
all the other regulations. However, measuring the external cost is still useful in determining what
the optimal charge or tax on the polluter should be (see below).

What istheimplication of this discussion for the quantification of the external costs of using
energy? The purpose of the analysisis to measure the environmental damages created by the
emissions at the point at which the plant is operating. In terms of Figure 1.1, one is measuring the
area under the damage curve, or OBCF, if the polluter is operating with no controls.

3 | n fact the measurement has a time dimension and will consist of several pollutants, but the principle remains
the one shown in Figure 1.1.
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With ahorizontal margina damage curve, the average damages will also be equa to the
marginal damages (area OBCF divided by OF) and thiswill give the correct tax that should be
imposed on the polluter (i.e. OB or Q E). The optimal tax should be equal to the marginal
damage Q E because that would result in areduction in emissionsto OQ . Each polluter would
find that it pays to make every unit of reduction in emission to theright of Q, but not to make
the reductions to the left of Q (the costs of each unit reduced exceed the tax saved). With the
assumptions of linearity in the marginal damage curve, the same result will follow even if the
polluter is operating at the optimal point Q. In such acase, atax of Q E would, of course dicit
no direct changein emissions. The polluter would smply pay the tax. The tax itself could,
however, have an impact on the profitability of the enterprise and therefore on emissions. Thisis
something that would have to be analyzed.

It isimportant to recognize that the above analysis depends strongly on the constancy of the
marginal damage curve. If the margina damageis not constant, or if there are thresholds, the
estimated marginal damages will depend on the level of emissions and relevance of the
calculated value for tax or regulatory policy will be less clear.

In summary therefore, it appears that the estimation of external costsis of interest to policy
makers, whether the polluter isin a regulated state or not. The implications of any estimated
values for further regulation, or for ajustification of existing regulations will however, require
further analysis, which is beyond the scope of this study. In particular it will be important to
know what the marginal damage curve looks like and whether a constant marginal damage level
IS areasonable assumption.

In this study the terminology used for any estimated damage isthat it is an external effect but not
necessarily one that implies the need for further controls.

1.3.2 Internal Versus External Effects

A related issue that arises in going from environmental damages to externa effectsisthat of
internalization. Damages may occur to certain groups but the latter may have fully taken account
of the damages in deciding on what actions to take. A central case concerns workersin certain
industries who suffer from higher incidence of diseases, or higher frequency of accidents. If they
are aware of these factors, and if the contract of employment reflects proper compensations for
these added risks, then there is no relevant externdity in the sense defined above. In technical
termsit is said that the externdity has been internalized through a contract that has been entered
into freely. It may still be of interest to measure the *socia costs' for such impacts, asit was for
the externalities where the polluter is operating under regulation, but care has to be taken in what
interpretation is placed on the resulting damage figures.
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Two matters of contention in deciding whether or not an externality has been internalized or not,
are those of information and market imperfections. It is argued that if aworker takes ajob not
knowing the risks involved, and then suffers from work related health effects, thereis a genuine
externa effect that needs to be accounted for. It is unarguable, for example, that the presence of
an unexpected impact on aworking population which was not foreseen is an external effect.
What isless clear is the significance of such effectsfor policy. Clearly, if neither party is awvare
of apossible effect, and the same applies to the regulating authority, then no measurable externa
damages can be included in the analysis. If the regulating authority is aware of certain health
risks, and believes the working population is not, the appropriate measure is to disseminate the
information. The resources that are devoted to that, however, could be influenced by the size of
the environmental damages caused to this group. In this sense then, data on work related
‘externaities may be relevant to the analysis.

A related issue isthat of market imperfections. Staying with the example of occupational health
effects, there may be macroeconomic difficulties in the region, in which case those seeking work
would not have the luxury of choosing between ariskier occupation with a higher wage, and a
less risky one with alower wage. Thisis also pertinent to deciding whether or not an external
effect is present. In the presence of structural or long term unemployment, asis the case in some
parts of Europe, the occupational health damages will form part of the externa costs of the
related fuel cycles. In other situations, however, where the labor force is more mobile, and where
unemployment is less long term, the environmental damages may be said to be internalized.

1.3.3 Application of External Costs Data and M ethodologies

The above discussion is used here purely for the purposes of illustration, rather than to define
boundaries to the use of the data generated within the ExternE Project. Although the study
commenced from the need to provide environmental elementsto E3 (energy, environment,
economy) models, it soon became apparent that the information generated within the study
was useful elsewhere. Indeed, since 1995 the study has found numerous applications,
including;

e Economic evaluation of air quality limits for SO, NO», particles and lead

Cost-benefit analysis of adraft directive for governing emissions from waste incinerators
Assessment of electricity generating options in remote communities, such as Crete
Consideration of funding arrangements for renewable energy technologies

1.4 Research on Externalities
1.4.1 Previous Studies

Growing world-wide concern about the environment led to severa studiesin the late 1980s and
early 1990s which have estimated some of the externalities associated with electric power
production and fuel cycles. The most prominent of these were by Hohmeyer (1988), Ottinger et
al a Pace University (1990), Bernow et al (1990) of the Tellus Institute, ECO Northwest (1987)
and Pearce et al (1992).
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Hohmeyer's study used a ‘top-down’ approach. The key steps of his analysis of fossil power
plants were as follows:

Development of an inventory of emissions of carbon monoxide (CO), particul ate matter
(PM), oxides of nitrogen (NOy), sulphur dioxide (SO-), and volatile organic compounds
(VOCs) in Germany;

Weighting of these emissions by relative toxicity factors;

Estimation of the contribution of fossil power plants to the total damage from these
pollutants;

Review of the available literature on estimates of environmental damage dueto air
pollution and extraction of a plausible range of values for damages in Germany, for the
major impact categories of flora, fauna, mankind, materials, and climate change;
Combination of the numbers to obtain damage costs per kWh of electricity, for each of
these five impact categories.

This scheme is summarised in Figure 1.2. While Hohmeyer's study was a pioneering step
forward, there are a number of major problems with it. Even if one can trust the damage cost
estimates, the relative toxicity factors are aweak link because they are derived from
government regulations for maximum permissible concentrations at a place of work, rather
than from exposure-response functions.

National estimate of damage

National estimate of *
polluting activity

Attribute % of damageto
polluting activity

Estimate of damage per
unit polluting activity

Figure 1.2 Illustration of the ‘top-down’ approach for externality assessment. This approach

takes no account of the site specificity of many types of impact.
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Since the analysis was done in terms of national averages, effects due to variationsin
population density and pollutant concentration were neglected. The transport of pollutants
across national boundaries was also neglected.

Pace relied entirely on numerica estimates from previous studies (e.g. ECO Northwest, 1987)
and used those values to compute damages. The study by the Bonneville Power Administration
(1991) also relied on ECO Northwest's studies.

The study by Pearce et al (1992) was similar in spirit to Pace and drew quite extensively on it.
However, by taking afuel cycle approach, they addressed more impacts. In neither case were
data collected at the primary level. Thus these studies are not site specific and do not take
account of differencesin external coststhat arise from differencesin topography or
concentrations of population.

Bernow et al (1990) of the Tellus Institute pointed out that it is difficult to estimate social costs
based on damages. They suggested that abatement costs may be a reasonabl e surrogate for
damages. In this approach, existing and proposed environmental regulations are analysed to
estimate the value that society implicitly places on different environmental impacts. According to
Tellus, the marginal cost of abating emissions, when they are at the limit imposed by regulation,
reflects the preference of regulatorsto require that particular level of abatement and the
corresponding incremental cost, rather than allow emissions to exceed that limit and
subsequently to have adverse impact on the public. The reasoning used by Tellusisthat since
these regulators represent the public, their views represent the costs placed on those emissions by
the public.

Thereis now a considerable consensus that such reasoning is flawed. The premise that marginal
control costs represent the costs of air emissions to society implies that regulators know what
individua environmental damages are and always decide on the optimal policy where the
marginal costs of control equal the marginal damages. In fact it is quite clear that they do not
know these costs, and the political processes by which policy decisions are made do not
generally have the property that they equate social damagesto costs of abatement. Certainly,
knowledge of control costsis an important element in formulating prescriptive regulations,
but presenting them asif they were damage costs is to be avoided.

1.4.2 Recent Research on External Costs

It follows from the above that basic research in this area was needed to devel op a methodol ogy
that made much better use of the available science. From its beginnings, the ExternE study went
beyond the earlier studiesin several respects. These are:

a) A more thorough characterisation of the energy technologies and their dischargesinto the
environment on a site specific basis. Clearly the environmenta impacts of electric power
generation will vary according to the technology adopted. These need to be made much more
precise than has been done in the past before valuations can be carried out. Furthermore, the
impacts will vary according to where the plant islocated. On a priori grounds, site specific
differences should be important. This study aimsto find out how important these differences
are by evaluating the damages from plants with the same technology but with different
locations.
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b) A consideration of all major stages of a fuel cycle rather than just electric power generation.
Significant environmental impacts occur during mining of fuels, their transportation and the
eventua disposal of wastes. These need to be evaluated as carefully as those of the generating
stage. In some cases, particularly for the renewable fuel chains, the generating stage may
cause little environmental impact.

c) Modelling the dispersion and transformation of pollutants over their full range. Earlier work
relied mainly on short distance dispersion models for the mgjority of the air pollution impacts.
However, these were inadequate, as reference to the concern over trans-boundary air pollution
in Europe clearly shows. Chemical reaction of pollutantsin the atmosphere a so needsto be
accounted for.

d) Engaging in a more extensive, critical review and use of the ecology, health sciences, and
economics literature than previous studies. Many ecological, epidemiological and valuation
studies have come out in the last ten years which needed integration within a framework
whereby they could be better used for policy analysis.

e) Estimating externalities by accounting for existing market, regulatory, insurance and other
conditions that internalise some damages so that they are not externalities. The issue of what
isand what is not an external effect has been discussed earlier in this chapter. It arises not just
in the occupational health impacts case that was cited but also in connection with speciad
provisions made to compensate victims of accidents caused during fuel cycle operations. This
study makes an attempt to analyse when, and to what extent, such provisions may have
internalised the external effect.

Since 1991 anumber of other studies have been undertaken using a broadly smilar approach to
ExternE. The main examples are the companion US DOE study (Oak Ridge National Laboratory
and Resources for the Future, 1992, 1994a, b, ¢ and 1995) and the New Y ork State Study (Rowe
et al, 1995). The most prominent example outside Europe and the USA is probably the study by
van Horen (1996) in South Africa

1.5 Purpose and Structure of the Report

The objective of the present report is to provide details of the methodology developed and
used by the ExternE Project. 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, 1995c¢-f, 1998a-c). As stated above, further information on the
assessment of global warming damagesis given in European Commission (1998a).

This report also provides an opportunity to clarify some important misunderstandings that
arose in connection with the earlier series of reports. Examples include:
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e “Health assessment was based on review of only a small number of studies.”
The health assessment was in fact based on athorough review of the available literature by
experts in both Europe and the USA. The single studies that were cited in the tables of
recommended functions were selected as being representative of the wider literature.

e “ExternE did not consider global warming damages.”
ExternE 1995 considered, quantified, and reported global warming damages, though
results were derived from earlier studies (i.e. unlike now, the estimates given were not
original to the Project). Then, as now, wide ranges were reported for global warming,
reflecting the state of scientific assessment in thisfield.

« “No account was taken of fuel cycle stages outside the country where the generation
facility was based.”

This misunderstanding arose because of the cases considered in the earlier fuel cycle
assessment reports (European Commission, 1995¢-f). At the time of writing the first series
of reports the assumption that all stages of the fuel cycle were likely to be in the same
country as the power generation unit was realistic for the UK and German coal cycles, the
French nuclear cycle and so on. Note that this assumption was not adopted for the German
assessment of the oil fuel cycle (European Commission 1995d). The recommendation then
as now was actually that the analysis should consider realistic locations for each stage, no
matter where in the world they take place.

e “The Externk Project found that the external costs of the fuel cycle are X mECU/KWh”.
The Project does not recommend single estimates of fuel cycle damages for purposes
other than illustration of trends. For application by policy makersit is essential that
ranges are used and sensitivities explored, because of the extensive uncertainties that
affect external costs analysis.

The following Table summarises the structure of the report and identifies the changes that
have been made compared to European Commission (1995b). A major difference in structure
is that the economic valuation section in the earlier report has now been fully integrated with
the impact assessment report.

10
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Table 1.1. Structure of this report, with summary of changes made since European

Commission (1995b).

Chapter Changes
Executive Summary Fully revised
1. Introduction Fully revised

2. The Impact Pathway Methodol ogy

3. General Issues of Economic Valuation in
Assessment of Fuel Cycle Externalities

4. Modelsfor Air Pollution Analysis

5. Assessment of Uncertainty

6. Assessment of Global Warming Damages
7. Mgor Accidents

8. Hedlth effects of PM 10, SO2, NOy, O3 and
CO

9. Hedlth Effects of Heavy Metals, Dioxins,
and Other Atmospheric Micropollutants

10. Radiological Health Effects

11. Occupational Health Effects

12. Economic Valuation of Health Effects
13. Effects on Terrestrial Ecosystems

14. Effects of Water Use and Pollution

15. Effects of Air Pollution on Building
Materials

16. Quantification of Ozone Damages
17. Noise and Amenity

18. Visua Amenity

19. Non-Environmenta Externalities
20. Aggregation of Externalities Data
21. Conclusions

Some issues clarified, commentary on
sustainability added

Integrated from earlier separate section on
economic valuation

Review of EcoSense model now included
New chapter

Fully revised

Fully revised

Revised to include more pollutants and new
epidemiological data, particularly from Europe
New chapter

As European Commission (1995b)

Minor revisions only

Major revision

Major revision

More complete integration of rationales and
methods for dealing with aquatic impacts
Updated

New chapter

As European Commission (1995b)
Visihility effects now included
New chapter

New chapter

New chapter

11
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The Impact Pathway M ethodology

2. THEIMPACT PATHWAY METHODOLOGY

2.1 ApproachesUsed for Externality Analysis

Asdiscussed in Chapter 1, the ExternE Project has adopted the ‘impact pathway’ approach for
the assessment of the external impacts and associated costs resulting from the supply and use
of energy. The phrase ‘impact pathway' ssimply relates to the sequence of eventslinking a
‘burden’ to an ‘impact’ and subsequent valuation. The methodology therefore proceeds
sequentially through the pathway, as shown in Figure 2.1. It provides alogical and
transparent way of quantifying externalities. However, only recently, through developments
in environmental science and economics, and improvements in computing power has it
become arealistic pro