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1. INTRODUCTION

1.1 Objectives of the project

The use of energy causes damage to a wide range of receptors, including human health, natu-
ral ecosystems, and the built environment. Such damages are referred to as external costs, as
they are not reflected in the market price of energy. These externalities have been traditionally
ignored.

However, there is a growing interest towards the internalisation of externalities to assist policy
and decision making. Several European and international organisms have expressed their in-
terest in this issue, as may be seen in the 5th Environmental Action Programme, in the White
Paper on Growth, competitiveness and employment, or the White Paper on Energy, all from
the European Commission.

This interest has led to the development of internationally agreed tools for the evaluation of
externalities, and to its application to different energy sources.

Within the European Commission R&D Programme Joule II, the EXTERNE Project developed
and demonstrated a unified methodology for the quantification of the externalities of different
power generation technologies. Launched in 1991 as a collaborative project with the US-
DOE, and continued afterwards by the EC as the EXTERNE project, it has involved more then
40 different European institutes from 9 countries, as well as scientists from the US. This re-
sulted in the first comprehensive attempt to use a consistent 'bottom-up' methodology to
evaluate the external costs associated with a wide range of different fuel cycles. The result
was identified by both the European and American experts in this field as currently the most
advanced project world-wide for the evaluation of external costs of power generation.

Under Joule I, this project has been continued with three distinguished major tasks:
EXTERNE Core for the further development and updating of the methodology, EXTERNE Na-
tional Implementation to create an EU-wide data set and EXTERNE-Transport for the applica-
tion of the EXTERNE methodology to energy related impacts from transport. The current re-
port is part of the EXTERNE Core project.

The objective of this sub-task of the EXTERNE Core project is to apply the existing framework
to new domains, as there are:
e end-use technologies:

o domestic space heating with oil, natural gas and electricity, and

o demand-side options (here with respect to refrigerators, windows and heat exchangers);
e cogeneration; and



Introduction

o future technologies (here IGCC, fluidised bed combustion, fuel cells for stationary applica-
tions and use of geothermal energy).

Thereby, new methodological issues arise in some cases and in others new priority impact
pathways have to be analysed, thus extending the existing accounting framework.

In spite of all the uncertainties related to the externalities assessment, the output of the project
might prove to be very useful for policy-making, both at the national and EU level. The results
obtained provide a good basis to start the study of the internalisation of the external costs of
energy, which has been frequently cited as one of the objectives of EU energy policy. Other
possibility is to use the results for comparative purposes. The site sensitivity of the externali-
ties might encourage the application of the methodology for the optimisation of site selection
processes, or for cost-benefit analysis of the introduction of cleaner technologies.

1.2 Structure of this report

The structure of this report reflects that it is part of a wider set of publications. Thus, meth-
odological issues and priority impact pathways are only discussed in more detail in the main
body of the report if they are not covered already by the existing framework, which is de-
scribed in seven appendices. In these appendices the major inputs from different scientific
disciplines into the framework (e.g. information on dose-response functions) are summarised.
A full-lenght discussion of the EXTERNE methodology can be found in the methodology report
of 1995 (European Commission, 1995) and the up-coming methodology report (intended to be
published in 1998) (European Commission, 1998).

The EXTERNE methodology in general is outlined in the following chapter. Chapter 3 covers
end-use technologies, i.e. domestic-space heating and demand-side options, in chapter 4 issues
related to cogeneration are discussed, and in chapter 5 new technologies are analysed.

1.3 References

European Commission (1995): EUR 16521 - EXTERNE: Externalities of Energy - Vol. 2:
Methodology. Office for Official Publications of the European Commission, Luxembourg



2. METHODOLOGY

2.1 Approaches Used for Externality Analysis

The EXTERNE Project uses the ‘impact pathway’ approach for the assessment of the external
impacts and associated costs resulting from the supply and use of energy. The analysis pro-
ceeds sequentially through the pathway, as shown in Figure 2.1. Emissions and other types of
burden such as risk of accident are quantified and followed through to impact assessment and
valuation. The approach thus provides a logical and transparent way of quantifying externali-
ties.

However, this style of analysis has only recently become possible, through developments in
environmental science and economics, and improvements in computing power has. Early ex-
ternalities work used a ‘top-down’ approach (the impact pathway approach being ‘bottom-up’
in comparison). Such analysis is highly aggregated, being carried out at a regional or national
level, using estimates of the total quantities of pollutants emitted or present and estimates of
the total damage that they cause. Although the work of Hohmeyer (1988) and others advanced
the debate on externalities research considerably, the style of analysis was too simplistic for
adoption for policy analysis. In particular, no account could be taken of the dependence of
damage with the location of emission, beyond minor corrections for variation of income at the

valuation stage.

An alternative approach was the ‘control cost’ method, which substitutes the cost of reducing
emissions of a pollutant (which are determined from engineering data) for the cost of damages
due to these emissions. Proponents of this approach argued that when elected representatives
decide to adopt a particular level of emissions control they express the collective ‘willingness-
to-pay’ of the society that they represent to avoid the damage. However, the method is entirely
self-referencing - if the theory was correct, whatever level of pollution abatement is agreed
would by definition equal the economic optimum. Although knowledge of control costs is an
important element in formulating prescriptive regulations, presenting them as if they were
damage costs is to be avoided.

Life cycle analysis (OECD, 1992; Heijungs et al, 1992; Lindfors et al, 1995) is a flourishing
discipline whose roots go back to the net energy analyses that were popular twenty years ago.
While there are several variations, all life cycle analysis is in theory based on a careful and
holistic accounting of all energy and material flows associated with a system or process. The
approach has typically been used to compare the environmental impacts associated with dif-
ferent products that perform similar functions, such as plastic and glass bottles. Restriction of
the assessment to material and energy flows means that some types of externality (such as the
fiscal externalities arising from energy security) are completely outside the scope of LCA.














































































































































































































































































































































































































































































































































































































































































