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Foreword 

In 1989 a report on the projected cost of electricity generation was prepared and published 
jointly by the Nuclear Energy Agency and the International Energy Agency. Using an established 
standard methodology for calculating generating costs over the expected lives of new plants, the study 
presented cost projections for future coal, gas, and some renewable fuel-fired generating stations 
expected to be built in OECD and in some developing countries. 

The present report forms a complement to the previous work It seeks to define and list 
factors, related to nuclear power, which are taken into account by government and utilities but which 
are not explicitly considered in electricity production costing. The decision to adopt, expand or reject 
a nuclear programme has implications which go beyond economic considerations limited to the cost 
of electricity produced. 

The report attempts to illustrate the treatment of macroeconomic factors in the decision-making 
process of various countries. Their treatment, the methods used to assess their costs and benefits and 
the weight attached to these assessments varies over time and from one country to another according 
to developments in analytical techniques and variations in economic circumstances and political 
perceptions. The study discusses macroeconomic impacts of nuclear power such as: employment, 
balance of payment, security of supply, as well as environmental, health and socio-cultural issues. 

The wide ranging or partial studies that have been done by Member countries either as a step 
in the formulation of government studies or in responding to public questioning in such fora as public 
enquiries have been considered in the preparation of this study. The study was overseen by a working 
group of experts drawn from 11 OECD countries and 3 international agencies. The report is published 
on the responsibilities of the Secretary-General of the OECD and does not necessarily represent the 
views of participating organisations or their Member governments. 
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Chairman's Notes 

Since this study was completed a study entitled "Environmental Costs of Electricity" 
undertaken by PACE University has been published (Oceana Publications, Inc., New York, 1991). 
This study covers similar ground to that dealt with in the environmental chapter of this report although 
in far greater detail. It appeals to attach significantly higher environmental impact costs to fossil and 
nuclear electricity generaltion than those found here. The principle reason for this difference is that 
this university's analysis looks at the existing US situation and not at modem plant options. Thus the 
coal and oil fired plants do not incorporate the flue gas desulphurisation or denitrification technologies 
we assume to be adopted in the future. Allowing for this specific difference the external costs 
associated with fossil-fuelled electricity generation, which arise mainly from health impacts, are 
consistent between the two studies. The greenhouse gas cost estimates are based on the amelioration 
of the effects of tree planting and, at IS mills/kWh, are within the range described here. 

The PACE study's nuclear externalities include a figure of five mills/kWh for 
decommissioning nuclear plant. Decommissioning costs are included in our direct generation cost 
estimates. Their external cost figure for nuclear accidents is based on a frequency of major core 
teleases to the environment, on the scale of Chernobyl, of one in 3300 years. This is much higher 
than that which we consider appropriate for new nuclear plants in OECD (as we indicate in -he text). 

The only component of external nuclear costs th«*s leaves is that arising from routine operation. 
The PACE estimated starting point value of 1 mill/kWh derives largely from occupational health 
impacts; in particular delayed occupational mortality (0.7 mills/kWh). To derive this cost the study 
employs the top end of a range of delayed deaths from nuclear operations of 0.15 to 1.95 per Gw year, 
which compares with the range of 0.25 to 0.9 per Gw year, inclusive of the whole nuclear fuel cycle, 
used in this study, based on the 1991 Helsinki Symposium conclusions. Both studies nevertheless 
concur that the external costs associated with routine nuclear operations are at the most a few percent 
of total nuclear generation costs and that they are significantly smaller than those associated with coal 
and oil combustion, even with greenhouse gas effects of the latter excluded. 
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Executive Summary 

The Nuclear Energy Agency has undertaken a study of the broader impacts of nuclear power 
in OECD countries, viewed from an economic standpoint. The principal findings are: 

. The Agency's comparative cost analyses for future generation plants have included all 

significant incremental financial costs for the options considered. 

. For modem nuclear plants operating under the current regulatory framework, the 

potential health and environmental costs are small relative to the direct generation 
costs, even when account is taken of hypothetical large-scale low-probability 
accidents. 

• For fossil-fired plants environmental and health costs are higher than for nuclear plants 

and they are not fully reflected in generation costs, particularly the highly uncertain 
costs associated with greenhouse gas emissions. 

• One major benefit of nuclear power deployment will be the reduction of 

environmentally harmful emissions from equivalent fossil-fired plantsand the 
associated reduction of environmental damage or avoidance costs. 

. Modelling studies in some fossil-fuel importing countries have shown additional 

macroeconomic gains (GDP, employment, balance of payments, price stability) from 
adoption of the least cost (nuclear) generation option for power programmes. The 
results are country specific and not directly transferable to countries with indigenous 
fossil-fuel supplies or those where the least cost option is not nuclear. 

Other findings include: 

Physical contribution. The 1530 Terawatt-hours (net) of nuclear electricity produced in OECD 
countries in 1990 met 23 per cent of total electricity demand and resulted in a small amount of waste 
in the form of 7500 tonnes of spent fuel. It saved the equivalent of 550 million tonnes of coal, the 
consumption of which would have produced 1500 million tonnes of carbon dioxide as well as large 
quantities of acid-gases and solid wastes. 

Infrastructure costs. The infrastructure costs related to nuclear safety, security, inspection, 
central project specific R&D, etc., whilst small relative to direct generation costs for countries with 



established nuclear industries, could be significant for countries newly embarking on small scale 
nuclear programmes. 

Fossil-fuel price. Nuclear power contributed to the mode ration of fossil-fuel prices in the 
1980s and its global abandonment could lead to significant fossil-fuel price escalation with the 
associated wider economic consequences. 

Fuel diversity and the global resource base. Nuclear power more than doubles the world's 
non-renewable energy resource base. Its deployment adds diversity to the fuel mix and enhances 
security of supply, particularly for fossil-fuel importing countries. The value of such enhancement in 
economic terms appears small relative to direct generation costs although it could become significant 
if there were perceived to be a real and prolonged threat to a sizeable fraction of OECD's fossil-fuel 
supplies. 

The adoption of nuclear power has some potential offsetting risks in security of supply terms. 

Reduction of uncertainty. There are fundamental difficulties surrounding the assessment and 
valuaticn of social, health and environmental effects and of modelling macroeconomic effects over 
long periods. These will not be easy to overcome, but significant progress should be possible in the 
Jesign of integrated frameworks for decision making, incorporating a broad range of parameters. 

Efforts should continue, particularly in international organisations, to improve data bases and 
models and provide better inputs into decision processes, particularly in relation to environmental 
impacts and the greenhouse effect. 

The study 

Scope 

These conclusions have been reached in a study that has reviewed those social costs and 
benefits that would not normally be taken into account in a utility financial appraisal of the relative 
merits of different generation options. The study has attempted to set these costs in perspective and 
to describe and comment on the methods that have been applied to their evaluation. Such costs and 
benefits are mainly of three kinds: 

1. Externalities: where the actions of the electricity generators impose costs or benefits 
on others with no compensating payments, e.g. acid rain; 

2. Strategic factors: e.g. security of energy supplies, long-term adequacy of fossil-fuel 
supplies; 

3. Macroeconomic factors: benefits to employment, price stability, economic growth etc. 

These factors are much more difficult to quantify than the costs in a standard financial appraisal. They 
will vary from country to country in magnitude. 

The study has taken as a starting point the conventional studies of comparative generation 
costs published by the Agency. 
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These studies, conducted in collaboration with other international agencies, have concentrated 
on the pre-tax financial costs of incremental investment in base-load power generation capacity; in 
particular on power generation from large scale water cooled nuclear reactors and pulverised coal 
burning plants. Growing interest in other advanced technologies including combined cycle gas 
turbines was recognised in the last study, completed in 1989, but relatively little high quality data on 
their generation costs was then available. An updating of this work is now in progress. 

The past studies have indicated that in most OECD countries providing data, nuclear power 
was expected to be cheaper than coal-fired generation on the basis of national assumptions and the 
reference assumptions for the studies. This conclusion did not apply in those regions of OECD, 
notably in North America, with direct access to supplies of low-cost coal. It has been stressed that 
the projected relative costs of coal-fired and nuclear plants will depend on expectations concerning 
future fossil-fuel prices and the required rates of return on capital. 

The earlier studies have also stressed, and this study has confirmed, that all significant 
financial costs have been incorporated in the NEA analyses, including appropriate allowances for 
nuclear plant decommissioning and the management and disposal of the radioactive wastes arising 
from nuclear operations. 

Infrastructure! costs related to safety, inspection, security, back-up insurance, etc., some of 
which are not included in the conventional analysis, are small relative to total generation costs in 
countries with established nuclear industries. They could be more significant in countries newly 
entering the nuclear field. 

Basis of this analysis 

Marginal, system and global analysis perspectives have been discussed. "Marginal" considers 
the broader impacts associated with an extra generating station and is analogous to the incremental cost 
analyses performed for the generation cost studies. "System" considers the broader effects of adopting 
or rejecting nuclear power programmes in the country in question, to which the results are specific. 
"Global" studier. consider the implications of widespread adoption or rejection of nuclear power for 
the world economy. 

The study has been forward looking and, in common with the standard methodology, it has 
examined only those costs and benefits associated with future expenditures relevant to the investments 
in question. Costs and benefits associated only with past investments, expenditures and R&D were 
not relevant to future decisions and were not considered. 

Externalities 

Many factors that might otherwise give rise to external costs or benefits are "internalised" by 
rules, regulations or fiscal devices which have a financial impact on the utility. For example, the rules 
governing radioactive releases from nuclear plants determine their design and their control systems; 
similarly the rules governing acid gas emissions from fossil-fired plants lead to the introduction of flue 
gas desulphurisation technologies. Both internalise some of the costs associated with the relevant 
emissions. Even when covered by rules and regulations, residual externalities may pereist, however. 
For example, flue gas desulphurisation does not remove all sulphur dioxide emissions and it has not 
yet been implemented in the majority of fossil-fired plants in OECD. 
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Partly because of the stringent regulations under which nuclear reactors and their associated 
fuel cycle plants operate, the residual environmental and health external costs are very small relative 
to the direct financial costs of power generation. Furthermore, the risks of serious accidents for 
modem plants operating in OECD countries are rendered so small by the strict safety standards 
adopted that no significant external costs are believed to remain. Both are believed to lead to external 
costs of below 1 per cent of total generation costs, when expressed in economic terms. 

The residual external costs of coal-fired generation plants are generally believed to be higher 
than those of nuclear plants, although still small relative to the direct generation costs, provided 
efficient flue gas desulphurisation and denitrification technologies are in place. However, at present, 
rules and regulations have not been introduced to deal with the potentially damaging effects of carbon 
dioxide emissions from fossil-fired stations. Whilst it is still too early to quantify this external cost 
accurately, it could well be significant in relation to total generation costs. The avoidance of carbon 
dioxide emissions can be viewed, therefore, as an important external benefit of nuclear power 
compared to fossil-fuelled generation. 

Strategic factors 

Nuclear power is considered to offer small but clear security of supply benefits on a marginal 
basis. This arises from the low cost of stockpiling nuclear fuel compared with other fuels. Nuclear 
power is often held to offer security of supply benefits on a wider systems basis although there are 
potential off-setting uncertainties surrounding nuclear power itself. Quantification of this factor is 
difficult, but the size of any benefit may be negatively related to a country's fossil-fuel endowment 
and will depend on the scale of the contribution nuclear power is expected to make and the nature of 
perceived threats to fossil-fuel supplies. 

Some OECD countries attach strategic value to developing their nuclear capability to maintain 
or increase the range of energy options open to them in the future. 

It is generally considered that with advanced nuclear generation and fuel cycle technologies 
the uranium resource base is very large. For this reason market prices properly reflect its value and, 
it is believed, those of depleting fossil-fuel resources (although in the case of gas and oil this may be 
less certain). There is no strong case for crediting nuclear power with additional social benefits on 
account of its avoidance of depletion of fossil fuels. 

Macroeconomic effects 

To assess macroeconomic impacts of nuclear power, the effects of investment in nuclear 
capacity need to be compared with the effects of investment in alternative generation plants. This 
requires the use of long-term models, the appropriate specification of which presents formidable 
technical and theoretical difficulties. 

For individual nuclear plants the microeconomic costs adequately reflect their full social costs, 
and their effects on employment, balance of trade and price stability are necessarily marginal. Some 
countries have, however, identified macroeconomic benefits arising from a system's assessment of 
nuclear power. These countries are ones in which nuclear power has enjoyed a competitive advantage 
over other baseload generation options, and where its deployment has beneficial effects on the national 
balance of payments due to net savings in the cost of fuel imports. For these countries the adoption 
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of nuclear programmes has been projected to lead to marginally higher gross domestic product, higher 
overall employment and more stable price levels than the adoption of competing technologies. 

These gains, which arise from greater international competitiveness and the effective use of 
resources freed by adoption of the least cost option, amount at the present time to no more than one 
or two per cent of gross domestic product; broadly consistent with the reinvestment of the saved 
resources in the economy. 
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Chapter 1 

Introduction 

General background and objectives 

A major and frequently the dominant factor in the decisions on preferred technological options 
for new electricity generating capacity is their comparative cost, measured on the basis of the financial 
or economic ground rules considered appropriate by the country or utility faced with the decision. 

However, these costs do not wholly reflect the full impacts of energy choices on the economy 
and society at large. The introduction of a sizeable tranche of one energy source rather than another 
can affect employment, the balance of payments and gross national product, for example. 
Furthermore, in economic terms energy markets are imperfect and energy choices impose costs (or 
benefits) on people other than the energy supplier. Those costs or benefits for which there are no 
compensating payments are called externalities. For these reasons Governments also take a range of 
other factors into account, either explicitly or implicitly, in formulating their policies for future energy 
and resource development. This is often done in a qualitative fashion based on subjective judgements, 
because established and accepted techniques for formalising the process have been lacking. 

The object of the present study is to establish a comprehensive compilation of the broader 
factors that have been considered to be relevant to energy policy choices, to describe the ways in 
which they have been taken into account, and to summarise and comment on the systematic 
quantitative approaches that have been or are being tried or developed in OECD countries. Wherever 
possible references are provided to more detailed documentation on the formal approaches and the 
probable significance of the identified factors is assessed. 

It was recognised from the outset of the study that it would be neither practicable nor desirable 
at this time to seek a definitive decision framework or methodology, and that the identification of the 
problems and barriers to quantification was probably the most that could be achieved, together with 
some preliminary indication of the relative significance of the factors in economic terms. 

It was also recognised that the use of nuclear power, like all energy sources has both beneficial 
and detrimental effects, and that the more significant benefits of nuclear power could well be the 
avoidance of detriments associated with other generation options. This necessarily means that benefits 
and detriments have to be measured against other specified options or strategies and that, relative to 
fossil-fuel use, both nuclear power and the so-called renewable sources of electricity could yield 
comparable gains. 

Therefore, although the study has been conducted in the specific context of nuclear power 
deployment and its consequences, it has had to consider more general energy/economy issues in which 
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the role of nuclear power is only one aspect of a wider energy strategy, with its use (or non-use) 
having significant implications resulting from the non-use (or use) of other competing technologies. 

The methods and concepts described therefore have relevance outside the confines of nuclear 
power planning; a fact to which attention will be drawn from time to time. It must be stressed that 
this study has not been concerned with the issue of energy conservation as an alternative to energy 
supply. It is assumed that an appropriate balance between the two will be reached which will itself 
depend on their overall economic impacts, so that, for present purposes, the relevant comparisons are 
for electricity-generation options that supply the power required against an optimised overall use of 
energy. 

This is not to say that in reaching this 'optimum* use of energy similar considerations and 
principles are not relevant to the supply/conservation trade-off. Most conservation measures have costs 
and can themselves introduce environmental and other detriments as well as benefits. Some energy 
saving measures pay for themselves quickly, but others cost more than the energy they can ever save 
(1-3). On the environmental side the chlorofluorocarbons widely used in heat insulating foams are 
now known to damage the ozone layer and to add to the greenhouse effect, whilst draught proofing 
nouses in granite areas significantly increases their occupants' exposure to radon gas emissions with 
their potential adverse health effects (4). Since there is no overall global shortage of energy, 
conservation should be treated on its merits and not as an over-riding objective in its own rights. 

Finally the study is concerned with providing guidance for the future and not with the 
retrospective review, justification or criticism of past decisions. Illustrations will be taken from the 
past, where appropriate, to clarify the nature of some of the detriments or benefits under discussion, 
since past events may provide some limited guidance for the future, provided the appropriate lessons 
have been learned. 

Conventional economic appraisal 

The Nuclear Energy Agency in association with Unipede (International Union of Producers 
and Distributors of Electrical Energy), the International Energy Agency and the International Atomic 
Energy Agency has reviewed the procedures used in OECD countries for comparing fossil-fuelled and 
nuclear generation costs (5) and adopted a standardised methodology for effecting economic 
comparisons of pre-tax constant money costs called the lifetime levelised cost method (5). This is 
explained briefly in Annex II. In essence it derives the incremental cost per net kWh of electricity 
supplied at the station bus-bar which, if charged for each unit projected to be supplied over the plant's 
lifetime, would exactly pay for all investment, operations, maintenance, fuel, decommissioning and 
spent fuel and waste management attributable to the plant and provide a return on capital equal to the 
required rate of return specified for the cost analysis. 

Subsequent studies (6, 7) have made use of the method to derive updated generation cost 
projections from a wider range of countries and to look in detail at the costs of the nuclear fuel cycle 
(8, 9) and the decommissioning of nuclear plant (10, 11). Each of the studies has examined the 
sensitivity of its findings to input data and economic ground rules and noted that the cost analysis did 
not encompass indirect economic impacts. Similar generation cost studies are published from time to 
time by the International Union of Producers and Distributors of Electrical Energy (UNIPEDE) (12) 
and the International Atomic Energy Agency (13). The NEA studies will themselves be updated 
during 1992. 
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In practice cost relativities between different power generation options depend on a number 
of factors which can differ significantly between countries or even between regions within a country, 
so that different technological choices will be made even if simple economic comparison is the sole 
decision criterion. Amongst these factors can be listed proximity to supplies of low-cost fossil fuel, 
expectations concerning the future movement of fuel prices, the required rate of return on capital and 
the effect of location specific features on plant design and investment costs (5-7). 

Broader factors 

From the very start of its development civil nuclear power has been seen by its proponents 
as a clean energy source with fewer environmentally detrimental consequences than fossil-fuel 
combustion. It has also been welcomed as providing a major addition to global energy resources 
which, because of its small fuel demands, would reduce the heavy financial dependence of many 
countries on imported fuels. 

Opponents, on the other hand, have questioned the nuclear industry's ability to contain 
radioactive wastes and decommission plant safely. They have stressed the potential consequences of 
any failure to contain radioactivity and voiced their concerns over the possibility that expansion of the 
civil nuclear industry could facilitate nuclear weapons proliferation. 

Of these factors only radioactive waste management and decommissioning are explicitly 
covered by the direct levelised cost comparison described above. The remainder are themselves only 
a sample of the wider range of factors that have been raised in the ongoing debate that has surrounded 
nuclear power over the past 40 years. Nevertheless many of these uncosted factors have been taken 
into account by governments and utilities in their energy planning and investment decisions, either 
explicitly or implicitly. 

Public and governmental concerns about the spread of nuclear weapons technology or the 
possible misuse of nuclear materials have imposed additional safeguards and security costs on the civil 
nuclear industry. The weapons proliferation risk is recognised as an essentially political problem (14) 
and for this reason it is not considered further in this study. The need for physical security is shared 
with many industries handling valuable or hazardous materials and the costs of security are an integral 
part of the costs of the industry. They do not therefore call for separate consideration here. 

To give a clearer picture of the range of factors involved it is helpful at this stage to introduce 
a simple uncritical listing (Table 1) of the wider impacts that have been attributed to nuclear power 
deployment, generally either to support or to oppose its adoption. Each of the impacts will be 
considered later in order to assess whether it does indeed represent an additional benefit or detriment 
that is not adequately encompassed by the cost comparisons conventionally made. Some items on the 
list will not be fully understood without further explanation and some of their effects can not 
immediately be classified as beneficial or detrimental. These aspects will be clarified when they are 
considered individually. 

The listed impacts can be split into three broad categories; economic, environmental and 
health, and social (Table 1). The categories and individual items are not distinct and interact in a 
variety of ways. Nevertheless each can be argued to have implications for the national or global 
economy and to that extent might be expected to be susceptible to quantification and evaluation. Were 
this possible an overall quantitative economic assessment could be attempted taking all the different 
aspects into account. The practicability of this will be examined later in the text. 
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Table 1. Postulated broader economic impacts listing of nuclear power deployment 

Primary Impact 

(a) Economic 

Direct Cost savings 
Fossil-fuel price capping 
Energy supply security (avoided lost 
output) 
Avoided net fuel imports 
Enhanced technology exports 
Electricity price stability 
Intellectual capital gains 
Effects on transmission/distribution needs 

(b) EnvironmentaVhealth 

Increased radiation levels 
Nuclear accident consequences 
Avoided greenhouse gas emissions 
Avoided acid gas emissions 
Avoided carcinogen emissions 
Avoided fuel extraction and transport 
accidents 
Other environmental intrusion effects 

(c) Social 

Changed employment levels 
Changed risk perceptions (weapons, 
accidents, health, gene pool) 
Changed social consensus 
Changed cultural impact 
Changed ecological impacts 

Economic consequences 

Enhanced productivity 
Improved competitiveness 
Improved terms of trade 
Currency appreciation 
Enhanced economic growth 

i 

Changed levels of morbidity and 
mortality, hence economic output 

Changed physical damage and 
environmental losses affect 
resource utilisation 

Some direct effects on resources 
Changed institutional costs 
Changed economic efficiency 

Structure of the report 

Following this introductory section, which explains the context and scope of the study there 
are seven further chapters. The first of these provides an up to date factual background on the 
contribution nuclear power is making and could make to world energy supplies. It also describes the 
framework within which energy policy decisions are currently made. 
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The succeeding chapters discuss in more detail the comprehensiveness and limitations of 
microcconomic cost studies such as those conducted by the agency (5-7), the decision criteria currently 
applied by Governments, and the use of quantitative models, backed by specific examples. 

The individual economic impacts are then discussed in detail. Environment and health are 
given a separate chapter because of their great importance and because of the conceptual problems they 
raise. The penultimate chapter introduces the approaches currently adopted in different OECD 
countries based on the separate summaries which are included as Annexes to the report. 

The final discussion provides the Expert Group's assessment of where we now stand with 
regard to our understanding of and ability to quantify the broader economic impacts. It looks to the 
future to see what might usefully be done to improve both, and what changes might be needed to 
develop and enhance the effectiveness of decision making processes. 

Money values 

Alt monetary values in this document have, unless otherwise specified, been converted to 
1991 US$. 
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Chapter 2 

Energy, the Nuclear Contribution 
and the Decision Framework 

The energy background 

Adequate supplies of energy are essential to economic growth and social well being, both in 
the industrial and the developing world (15). International studies project that worldwide demand for 
energy could grow by some 50 per cent to 75 per cent by 2020 relative to its consumption in 1985 
(16), with the most rapid increase in developing countries with high population growth rates. Some 
studies suggest that much lower energy demand growth might be achieved without incurring significant 
economic penalties (17), provided major efforts are directed towards improving the efficiency of 
energy use. 

Nonetheless there seems to be wide consensus that world electricity demand will have doubled 
to about 20 thousand terrawatt hours (TWh) per year by 2020 (18). Carbon dioxide emissions arising 
from fossil-fuel combustion will have increased to over 30 billion tonnes per year by this date if no 
action is taken to limit its release. Of this over one quarter will come from power stations. This 
corresponds to over 8 billion tonnes per year of carbon emissions produced from steadily growing 
consumption of coal, oil and gas fuels for power production, transport and industry, Figure 1 (19) (44 
tonnes of carbon dioxide contain 12 tonnes of carbon). Parallel increases in corrosive acid gas 
emissions from fossil-fuel burning would occur in the absence of appropriate countermeasures. 

The overall quantitative projections may prove wrong. There is a great deal of residual 
uncertainty and unforeseen events can have a profound influence on policy choices. Nevertheless 
rising electricity demand and growing environmental concerns seem inevitable. It is against this 
background with its poter'..! implications for the global economy, global resources and the 
environment, that energy policies and the role of nuclear power have to be considered. 

Growing use will undoubtedly be made of the so-called renewable energy sources (wind, solar, 
tides, waves, geothermal, biomass), although the scale of their contribution worldwide and their 
regionally dependent economic attract;-, cness remain matters of debate. Nuclear power is not yet an 
economically appropriate technology for deployment in less developed countries or those with small 
power networks, and it faces problems of public acceptability in some developed countries. Both 
constraints, where they exist, may be eased by the current development of smaller plants with 
additional passive safety features. 
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Figure 1. Projected carbon emissions from fossil fuel combustion 

World carbon emissions by fuel type. 1980-2010 

Billion Metric Tons (Cumulative) 
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10 
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Source: US Energy Information Agency, Reference 19. 

Nuclear power 

Nuclear power, which was first deployed commercially in the late 1950s, has grown to the 
point where it currently provides 16.1 per cent of electrical generation capacity in the OECD countries 
and 22.9 per cent of delivered electricity (20). The latter share is significantly higher than the former 
because nuclear power plants have lower running costs than the fossil-fuelled alternatives with which 
they compete so that they are used preferentially, after taking advantage of any installed hydropower 
capacity which has virtually zero running cost. On a global scale use of nuclear power currently 
reduces carbon dioxide emissions by over 1.7 billion tonnes per year (relative to the alternative of 
coal-fired generation) and saves the fossil-fuel equivalent of over 700 million tonnes of coal. 

There arc considerable differences between countries in the share of electricity provided by 
nuclear plants, in the proportion of overall primary energy consumption used in the form of electricity 
and in the energy and electricity intensity of their economies (Table 2). 
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Table 2. Electricity and energy intensities 

Countries 

Australia 

Austria 

Belgium 

Canada 

Denmark 

Finland 

France 

Germany 

Greece 

Iceland 

Ireland 

Italy 

Japan 

Luxembourg 

Netherlands 

New Zealand 

Norway 

Portugal 

Spain 

Sweden 

Switzerland 

Turkey 

United Kingdom 

United States 

Electricity 
as% of total 
Consumption 

18.4 

17.6 

14.2 

21.8 

18.2 

21.5 

17.7 

17.0 

16.2 

32.5 

13.0 

15.1 

21.1 

10.8 

11.9 

24.2 

44.3 

15.6 

17.6 

32.0 

19.8 

9.1 

15.7 

15.8 

Total 
Consumption 

per capita 
TWh 

39.7 

30.9 

39.6 

72.7 

30.4 

53.2 

29.5 

3S.8 

17.2 

49.7 

24.6 

23.9 

27.2 

99.6 

39.9 

32.1 

49.2 

13.7 

17.6 

45.4 

34.1 

8.3 

30.1 

65.1 

Electricity 
per capita 

TWh 

7.3 

5.4 

5.6 

15.9 

55 

11.4 

5.2 

6.1 

2.8 

16.2 

3.2 

3.6 

5.7 

10.8 

4.8 

7.8 

21.8 

2.1 

3.1 

14.5 

6.8 

0.7 

4.7 

10.3 

Total 
Consumption 

per GDP 
TWh/$ 

3.6 

32 

4.4 

4.8 

25 

4.1 

2.8 

3.2 

4.8 

3.9 

4.0 

2.8 

2.1 

9/0 

4.3 

4.7 

3.3 

5.7 

3.4 

3.5 

2.2 

7.0 

3.2 

3.6 

Electricity 
Consumption 

per GDP 
TWh/S 

0.7 

0.6 

0.6 

1.0 

0.5 

0.9 

05 

05 

0.8 

1.3 

05 

0.4 

0.4 

1.0 

0.5 

1.1 

1.5 

0.9 

0.6 

1.1 

0.4 

0.6 

0.5 

0.6 

Source: International Energy Agency, Paris 

The reasons for these differences are complex. Energy intensity (Energy/Gross Domestic 
Product ratio) is determined by the degree and character of industrialisation in different countries and 
is strongly influenced by climate and the level of the technology in general use. So far as the nuclear 
contribution to overall power generation is concerned, a major determinant in some countries has been 
the existence of an indigenous coal industry. In several cases this industry has been a source of cheap 
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coal which has ensured that this fuel has enjoyed a cost advantage. In others the coal is expensive 
by world standards but socio-political considerations, related to regional employment or to balance of 
payments consequences, have led governments to encourage its use and to restrict its displacement by 
other fuels. The availability of low cost supplies of natural gas has also had a significant effect in 
some countries. 

Another major factor affecting nuclear power's penetration of the supply system has been 
political. Some OECD countries have taken a positive decision not to use the technology (Australia, 
Austria). Others have called a total halt to its introduction (Sweden and Italy), with Italy even closing 
down its existing plants. Others currently have de facto moratoria subject to review (Canada --
Government of Ontario, Germany, Holland, Spain, UK and Switzerland). Still others have seen it as 
a route to energy independence and effective self-sufficiency and expect to maintain or expand their 
already high levels of reliance on the technology (France, Japan). The United States, after a period 
of quiescence, is actively seeking to revitalise the nuclear option as part of its energy and electricity 
mix by means of legislative initiatives and use of advanced standardised reactor designs. 

On the basis of the most recent national projections (20) the nuclear share of electricity 
generated in OECD (Figure 2) is destined to decline slightly over the coming 15 years, not due to any 
reduction in the existing nuclear capacity, but due to the lengthy planning and construction lead time, 
and to the fact that new capacity being introduced to meet growing demand is currently predominantly 
fossil-fuelled. 

The position beyond a 5 to 10 year time horizon is not fixed however. Electricity use 
continues to grow as fast as gross domestic product, faster than total energy (and faster than 
population) in the majority of OECD countries (Table 3 and Figure 3). Even faster rates of electricity 
growth are being experienced in developing countries (21), albeit from a lower starting point 
(Figure 4). Fresh political attention is being given to the environmental consequences of fossil-fuel 
combustion and to the means of encouraging more efficient use of energy. As a result, national energy 
demands and national fuel policies will be subject to both national and international pressures and 
changes are almost inevitable. These changes will be influenced by the broader economic impacts of 
the technical options available in the medium and long term. 

Sufficient uranium resources exist (22, 23) to enable nuclear power to become the dominant 
world energy source for very many centuries (24), providing both electricity and direct heat and 
offering a non-fossil-fuelled route to the production of hydrogen or substitute natural gas to fuel the 
world's transport (24, 25). For it to do this fast breeder reactors would be needed to utilise fully the 
fission energy of natural uranium. (Existing thermal reactors can utilise only up to about 0.8 per cent 
of the energy.) Additionally smaller capacity heat producing and high temperature reactors would be 
required to facilitate penetration of the world's markets for thermal energy (24-26). 

Even if il were desired or desirable, such a role for nuclear power could not be brought about 
quickly. New technologies would have to be developed and proved at a commercial scale, and even 
then the rate of nuclear growth would be limited by the economic need to match new plant 
construction to energy demand growth and the natural economic retirement of long-lived conventional 
plant. A considered view of the future contribution of nuclear power in OECD over the next 38 years 
is given in reference 27, based on a present trends continued extrapolation. It concludes that nuclear 
power's share of OECD electricity supply could rise to between 27 per cent and 36 per cent by 2030, 
provided by 500 GWe to 600 GWe of capacity. 
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Figure 2. Projected nuclear share of electricity in OECD 
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Figure 3. Electricity, GDP and energy growth in OECD 
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Source: Helsinki Conference, Reference 21. 

Table 3. Growth rates of GDP, energy and electricity 

to 

1.8 

1.6 

1.4 

1.2 

- 1.0 

-I U 0.8 
1990 

Year 

1970 

1971 

1972 

1973 

197* 

1975 

1976 

1977 

1978 

1979 

GDP 

1.00 

1.03 

1.09 

1.15 

1.16 

1.42 

1.21 

1.25 

1.31 

1.35 

Energy 

1.00 

1.03 

1.09 

1.14 

1.12 

1.29 

1.15 

1.16 

1.19 

1.22 

Electricity 

1.00 

1.06 

1.14 

1.22 

1.23 

1.49 

1.33 

1.38 

1.44 

1.49 

Year 

1980 

1981 

1982 

1983 

198* 

1985 

1986 

1987 

1988 

1989 

GDP 

1.36 

1.39 

1.38 

1.42 

1.49 

1.56 

1.58 

1.64 

1.71 

1.77 

Energy 

1.19 

1.16 

1.12 

1.12 

1.17 

1.18 

1.20 

1.20 

1.24 

1.25 

Electricity 

131 

132 

130 

136 

1.63 

1.69 

1.75 

1.84 

1.91 

1.89 
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However it should be noted that the "present trends" were those established during the 1980s and that 
they do not take account of the more recent slow down in some OECD countries or the possible 
consequences of the growing concerns over fossil-fuel combustion. Additionally no account is yet 
taken of the possible penetration of nuclear power into markets for heat and propulsion. The use of 
nuclear energy for these purposes has been practised to only a limited extent and no rapid growth is 
expected in the near future (reference IS, Chapter 5) (26,27). 

Figure 4. Electricity, GDP and energy growth in developing countries 

Developing countries 

All values normalized to 1.0 in 1970 
Source: Helsinki Conference, Reference 21. 

The decision framework 

Decisions on the technical option to be used to provide new or replacement electr ity 
generation capacity are made by utilities, whether privately or publicly owned, within a frame- ark 
of national and international controls and regulations. 

The framework within which energy decisions are made is illustrated in Figure 5. The current 
position (Box A, is continually influenced by changing knowledge about the technologies concerned 
(Box B) and their effects on the public, the environment and the overall national economy (Boxes C 
and D). The decision framework, to some extent, internalises any perceived external costs and effects 
within the decision making process (Box E). The process is dynamic but uncertain and protracted. 
It is subject to changes of fashion as well as changes in basic knowledge and understanding. 

25 



Graphique 5. The decision framework for electricity 
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Each of the listed factors in the Figure, (Boxes C, D, E, F and G), can be (and has been) taken 
into account in the energy policy/investment choices of the past. However the relative weight afforded 
to them has changed markedly over time and has differed from country to country as the following 
examples illustrate. 

Security of fuel supply has been a dominant factor in the energy policies of Japan and France 
and has underpinned their development and deployment of nuclear power. Employment became a 
major concern in many countries in the 1970s and had major prominence in the Federal Republic of 
Germany and the United Kingdom in relation to their large indigenous coal industries. Balance of 
payments has been a concern of many countries but has most affected the energy policies of the less 
industrialised members of the OECD. Social consensus and its changes (Figure 5, Box H) have 
determined the strategies pursued in Austria and Sweden, the Netherlands and Switzerland, amongst 
others. Environmental concerns have gained in importance everywhere. Changes in technological 
capability (not listed in Figure 5) have been argued to assist general economic development. This 
argument has been used to justify initial research, development and exploitation of several advanced 
technologies, including nuclear power, before their direct economic worth has been demonstrated. 

The means by which these different and sometimes conflicting facets are reconciled and used 
to determine policy, differ from country to country and can change within countries over time. 
Responsibilities for energy policy, environment, health, public safety, employment, trade, industrial 
policy, research and development, and overall economic policy are often divided between as many 
different government departments and agencies, although various and changing combinations are 
practised depending on the perceived needs of the time. 

A variety of goals is established in each policy sector, often independently of goals in other 
sectors, and a variety of instruments is used to assist in their achievement. These instruments include 
the establishment of regulations and standards, specific taxation, subsidy or other financial incentives, 
public (or otherwise directed) information programmes and exhortation. Figure 6 provides a fuiter 
listing in the context of environmental measures, based on International Energy Agency studies, which 
also describe the way such interventions affect producer and consumer behaviour (28). In the end both 
energy consumers and producers will make their choices on the basis of the technical options available 
to them and their perceived costs; costs that can be strongly influenced by the fiscal and regulatory 
regimes established by Government. 

In some instances government has created or called on special infrastructure or institutional 
arrangements to deal with problems or to assist in achieving goals. Regulatory, advisory, monitoring 
and inspection agencies; legal frameworks to resolve public interest conflicts; planning inquiries, 
institutionalised public debates or hearings to achieve the same ends, either in their own right or as 
sources of advice to the responsible ministers; public referenda to sample opinion or determine policy; 
have all been employed in the energy field. 

Figure 5 recognises that Governments are subject to a large number of influences in their role 
as creators and ultimate arbiters of the decision framework. These influences include those from 
international or regional institutions such as die United Nations, OECD, the International Energy 
Agency, or the Commission of the European Economic Community; from international non
governmental organisations such as UNIPEDE or the Coal Industries Advisory Board; from 
multinational corporations and banks; from the energy utilities; and from national and international 
environmental groups like Friends of the Earth or Greenpeace. 

27 



Figure 6. Policy instruments 
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Source: IEA, reference 28. 

Many of these are interested parties with their own specific remits and objectives. This helps 
to widen the debate and is to be welcomed. However, there is a legitimate concern that many major 
decisions and choices continue to be based extensively on subjective judgements and trade-offs, some 
of which may not even have been subjected to detailed scrutiny. This is an inevitable consequence 
of the fact that the socio-economic implications of energy choices are themselves often not fully 
recognised, understood or evaluated. 

Because of the central importance of energy production and use to industrial development, 
social welfare and the global environment it seems highly desirable that the socio-economic 
implications of the technological options (for both energy supply and efficient energy use) are explored 
and evaluated to the fullest extent possible. This will help to provide a factual basis for decision 
making by indicating the extent to which existing energy prices reflect (or fail to reflect) its true social 
costs (or benefits). 

Efforts have been made in some countries to examine the wider impacts of technological 
choices, via the creation of multidisciplinary assessment teams with the remit of taking a broad 
analytical overview and advising those responsible for policy formulation. Amongst the earliest were 
the United Kingdom's Programmes Analysis Unit (29) and the United States' Office of Technology 
Assessment (30); the former embedded in the executive branch of government, the latter acting on 
behalf of the legislature and outside the executive. Similar approaches have been adopted 
elsewhere (31) and continue to play a role in the overall decision processes in some countries and 
international agencies. 
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Other interesting developments have included a variety of procedures developed to assist in 
the analysis of choices in situations where several, possibly conflicting, criteria have to be 
simultaneously considered. Good examples appear in the field of water resources (32-35) but specific 
models have been developed for the analysis of energy issues in Belgium (36) and for the choice of 
nuclear power plant sites (37) and power plant decommissioning strategies (38). Multi-criterion 
models (39) have also been used to facilitate the development of consensus between initially opposing 
factions, by means of interactive debate about the criteria to be applied and their relative importance. 
The latter have been tested in relation to decisions on the choice of future power technologies and on 
nuclear waste repository siting (40-42). So far as the group is aware such procedures have not yet 
found widespread acceptance or use, even within their countries of origin. 

The whole process of policy development is dynamic and iterative, particularly where the scale 
or the nature of technological change has social implications. The pace at which policy consensus 
emerges can also be critically dependent on the extent to which international agreement is needed. 

Further discussion of the procedures formally adopted in different OECD countries is included 
in Chapter 7 and the specific country annexes (Annex VIII). 
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Chapter 3 

Quantitative Models 

Introduction 

All countries and utilities employ quantitative models of one sort or another to assist in energy 
planning and policy evaluation. These models differ considerably in their scope, size and complexity, 
depending on the needs of those developing and using them. 

Figure 7, adapted from Munasinghe (21), illustrates the hierarchy of levels within the overall 
global economy at which modelling can take place, and some of the criteria and interactions that are 
involved. 

Electrical utilities will do their own demand projections, based on their perceptions of future 
developments in the economy and the relationship of these to electricity consumption in the markets 
they serve. They will have their own electricity network optimisation models and their own 
microeconomic models enabling them to analyse the financial implications of alternative investment 
strategies (IS, p361-365) (43, 44). They will take into account their expectations concerning the 
behaviour of other energy sub-sectors and the possible consequences of Government fiscal and 
regulatory policy. 

Governments not wholly and exclusively committed to reliance on market forces to resolve 
priorities and determine investment choices and timing, may employ additional quantitative models. 
These link energy use to other sectors of the economy, and can be used to analyse the implications 
of different energy investment strategies, different fiscal policies, etc., on energy demand and the fuel 
mix. They can also be used to examine the future growth of energy demand given different 
assumptions about general economic growth. The implications of different energy strategies on the 
wider economy in terms of employment, balance of payments, and general economic stimulus can be 
explored. 

International agencies, in particular, may examine the global implications of population and 
economic growth for future energy demand, in order to establish the adequacy of resources, possible 
constraints on future world development and means of alleviating or overcoming such constraints. The 
International Institute for Applied Systems Analysis (45), the World Energy Conference (46), the 
European Econon ' Community (47), and OECD's Nuclear Energy Agency (48) and International 
Energy Agency (49) have been active in this respect for many years. 

It is important to note that the consequences of energy choices are likely to be significantly 
dependent on the size of the programmes considered. The effects of building one nuclear plant in one 
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Figure 7. Hierarchy of models 
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country may be marginal to its economy. A programme of nuclear plants could have macroeconomic 
impacts exceeding the sum of those of the individual plants, whilst the combined effects of global 
programmes could be even greater. This is one reason why it is desirable lo examine the effects of 
programmes of different sizes to see whether the consequences of choices have been fully appreciated. 

Models developed for analysing the economics of energy choices can be adopted to assist in 
the examination of other impacts; e.g. the environmental implications. This has been of particular 
interest to Governments and the Intemationai Agencies in the past few years and has led to the studies 
conducted for the Intergovernmental Panel for Climate Change under the auspices of the United 
Nations (SO) and inter-agency studies such as those undertaken for the 1991 Helsinki Conference on 
Electricity and the Environment (51) and for the Commission of the European Communities (32). 
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The four principal types of quantitative model that have been applied to the analysis of the 
consequences of the development and utilisation of nuclear energy are illustrated in Figure 8. They 
range from microeconomic investment appraisal to macroeconomic impact analysis using conventional 
macroeconomic models or input-output analysis. Environmental (or other) impact analysis can also 
be conducted at the micro-level or macro-level employing similar techniques to those for economic 
analysis. Each is discussed further below. Comment is also made on Technology Assessment — a 
broader approach to quantitative impact modelling — and on the need for and use of models for 
forecasting. 

Microeconomic analysis 

Investment Appraisals or resource cost analyses conventionally use microeconomic models to 
assess the relative merits of alternative investment options. A number of different approaches are 
reviewed in the Nuclear Energy Agency's Comparative Generation Cost publications (5-7), with the 
constant money lifetime levelised cost method being preferred for simple economic comparisons of 
base-load generation options. Other models would be used to determine a utility's pricing policies or 
if year by year costs for different plants were required. 

The object of the levelised cost model is to sum the costs of all the resources required to 
construct, fuel, operate and maintain a power station and for its subsequent dismantling and spent fuel 
management (if nuclear) and waste disposal. These costs are then related to the projected electricity 
output over the plant's lifetime to arrive at the levelised unit cost per kWh of net electrical output 
Brief details of the method are set out in Annex II. 

Clearly the output of the model can only be as reliable as the expectations concerning the input 
costs and these expectations have to be regularly reviewed. The sensitivity of the output to the inputs 
and the justification for the values adopted in the NEA Studies has been described in detail (7). The 
output can be very sensitive to the economic parameters adopted for the assessments, which can 
themselves depend on the institutional framework established. Annex IV of reference 6 discusses this 
with particular reference to die required rates of return on capital. 

Up to the present time the NEA Studies (5-7) have been concerned largely with the 
comparison of die resource costs associated with base-load nuclear and coal-fired plant. The most 
recent study (7) attempted to extend its coverage to gas fired plants, advanced coal technologies and 
renewable sources, other than those geographically constrained with highly site specific costs (tidal, 
geothermal, large hydro). It achieved only limited success in this regard due to the apparent dearth 
of well authenticated cost data for the newer technologies. This may be remedied in future studies 
for any technologies that utilities or plant vendors consider to have sufficient attraction to merit 
development. 

The NEA Studies, in common with national assessments, review projected costs in the light 
of die prevailing or anticipated regulatory framework concerning safety, environmental controls, etc. 
They do not include any allowance for residual risks or releases, except to the extent that utility 
liability is covered by plant related insurance. Nor do they encompass the broader impacts, if any, 
beyond the direct resource cost implications. The extent to which they do capture all the direct 
resource costs is considered in detail in Chapter 4 of this study. 

Since the model is intended to assist investment decisions, it properly takes no account of past 
expenditures or of costs common to the electricity network (transmission, central overheads) which 
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would be unaffected by the choice of plant. (This should not obscure the fact that the common and 
overhead costs will have to be recovered from the prices charged for electricity, with the result that 
prices can be significantly higher than levelised generation costs). Some system costs, such as grid 
connection and transmission costs, may be affected by the choice of plant as a consequence of scale 
or siting requirements. These differences should be reflected in the cost analysis. 

In practice the simple levelised cost methodology provides a good picture of the direct 
incremental costs of power supply from new plants whose output is fully utilised, seen in isolation. 
However the introduction of new capacity into a pre-existing electricity supply network can allow the 
whole system's operation to be re-optimised and this can result in additional savings where older, less 
fuel-efficient plants with higher running costs can be retired or used less frequently. 

A utility will often therefore undertake an analysis of the costs of running its whole system 
with alternative assumptions concerning demand growth, real fuel price changes and plant investment 
strategies. This will yield an incremental system resource cost, the minimisation of which will 
maximise profitability for a private utility or minimise the financial demands on the consumer or 
taxpayer for the public provision of electricity. A widely publicised analysis of this sort was prepared 
for the UK's Sizewell B Public Inquiry (53). 

It should be noted that the microeconomic investment appraisal is concerned with the direct 
financial implications of constructing a single generating plant or, possibly, where a full systems cost 
study is undertaken, of a limited series of such plants. 

Table 4 lists the comparative costs for baseload power generation on the basis of the reference 
assumptions (30 years plant life, 73 per cent load factor, 5 per cent real discount rate) taken from 
reference 7. That report should be consulted for further details on the assumptions and (he sensitivity 
of the projected costs to them. The study, which was undertaken in 1989, will be updated in 1992. 
This updating may result in changes to the relative costs of the different generation options for some 
countries, reflecting any change in their expectations. 

Environmental impact assessment 

The growing environmental awareness during the 1970's has led to a growing role for 
environmental impact assessment as an aid to policy formulation. At its simplest it consists of a 
systematic examination of the full range of environmental consequences of a proposed investment or 
investments, in order to facilitate judgements on their acceptability or which of a range of options is 
to be preferred. 

In the case of electricity supply to meet some specific demand, there will be a series of 
resource requirements at each stage of production and supply, starting with the materials needed to 
build plants, including their conversion and transportation. There will be needs for fuel for these 
processes and to operate the plant (if it is not a non-fuel renewable source); and there will be resources 
needed for the equipment employed in energy transmission, distribution and use. The stages are 
illustrated in Figure 9 (54). 

At each stage there will be a series of environmental consequences ranging from land use to 
a range of airborne, waterbome and solid waste emissions. Some of these may be totally innocuous 
but others produce a range of detrimental consequences. Some of these arc listed for some sources 
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Figure 8. Quantitative models for energy impacts analysis 
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Table 4. Comparative feneration costs 

US Milk (Jan 1987)/kWh 

73 per cent Load Factor, 30 Years Life, 5 per cent p.a. Discount Rate 

Country 

Australia 
Belgium 
Canada (Central) 
Denmark 
Finland 
France 
Germany (FR) 
Greece 
Italy 
Japan 
Netherlands 
Portugal 
Spain 
Sweden 
Turkey 
UK 
USA-Eastern 

Nuclear Power 

. 

29.1 
19.6 

-
27.5 
27.4 
39.9 

-
40.4 
43.3 
34.6 

-
42.6 

-
32.2 
3S.8 
38.7 

Coal Plant 

19.6 
52.2 
26.0 

-40 
33.0 
39.6 

43.9-56.7 
34.2 

43.1-57.7 
55.7 
32.8 
42.7 
41.3 
46.0 
33.8 
38.1 
41.5 

Source: NEA reference 7; Data relate to cost expectations in 1989. The study is to be updated in 1992. 

Figure 9. Stages of energy production and supply system 
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in Table S. The principal environmental impacts of a wider range of sources are summarised in 
Figure 10 (54). 

The first thing to stress is that although fossil fuels have the greatest list of detrimental impacts 
(Table 5), the existing pattern of energy use means that all of these effects arise, albeit to a lesser 
degree, for all other energy sources, since fossil fuels are the predominant source of energy for the 
industrial processes supplying the materials and transport for all sectors of the economy (Ref IS, 
Chapter 8) (SS). Both nuclear power and the renewable sources therefore contribute to greenhouse 
gas and acid gas emissions indirectly, though to a much smaller extent per unit of power output than 
the equivalent fossil-fuelled generation (52X56-58). 

Table S. Some detrimental consequences 

Nuclear 

Land Use 
Construction disruption 
Construction accidents 
Visual intrusion 
Radiation emissions 
Thermal pollution 
Solid/Liquid wastes 
Accident risk 

Fossil Fuels 
(Coal) 

Land use 
Construction disruption 
Construction accidents 
Visual intrusion 
Mining subsidence 
Dust and Grit 
Acid gas emission 
Carcinogen emission 
Greenhouse gas emission 
Radiation emission 
Thermal pollution 
Solid/Liquid wastes 

Hydropower 

Land use 
Construction disruption 
Construction accidents 
Possible visual intrusion 
Hooding of property 
Methane release 
Ecological change 
Agricultural change 
Fishing gains 
Accident risk 
Waterbome disease 

Wind Turbines 

Land use 
Construction disruption 
Construction accidents 
Visual intrusion 
Noise 
Electromagnetic effects 

All electricity generation options require materials, transport and other inputs in the construction phase which rely on fossil 
fuels so that all lead indirectly to small levels of fossil fuel impacts in addition to their own direct effects (54) 
(Ref. 15, Chapter 8). 

Not all the effects of coal use apply for oil and gas although these have their own distinct problems, e.g. marine pollution, 
explosion risks. 

The process of systematic environmental impact assessment requires the comprehensive 
identification and listing of the emissions (or other direct environmental consequences) and detailed 
examination of their effects taking account of the physical processes involved in their dispersion, 
transportation, concentration and eventual removal from the biosphere. This is illustrated for emissions 
in Figure 11 (54)(59). 

In some studies attempts (60-63) have been made to go one stage further and to model and 
evaluate the ensuing socio-economic impacts of the energy mix. These include effects on human 
morbidity and mortality, other effects on the biosphere and global ecology through direct action or as 
a consequence of climate change, physical damage to property and crops, and market effects arising 
from visual intrusion or proximity to sources of noise and dirt. 
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Figure 10. Ranking and environment impacts 
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Figure 11. Pollutant pathway model 

Source: HdsWu Conference, Reference 54. 

The main limitations of such models arise from the current lack of understanding of the 
relationships between the measurable emissions and other environmental intrusions and the damage 
and detriments they could subsequently cause (64). This is not helped by the wide dispersion of 
airborne pollutants and the diffuse nature of many of the effects they and other pollutants produce. 

The main methods currently adopted for comparing environmental impacts were summarised 
at the Helsinki Conference on Electricity and the Environment (54). Its synopsis of the three principal 
methods is presented in Annex III. In their Key Issues Paper (54) examples of each approach are 
detailed. 

Input-output models 

Input-output models of a national (or regional) economy were pioneered by Leontief (65). 
They are based on a large matrix which indicates how changes in the investment or output in one 
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sector of the economy influence or are influenced by the investment in or output from all other sectors. 
Such models exist for many industrial economies in varying degrees of disaggregation (i.e. different 
levels of sub-division into sectors of industry and commerce). 

Using such models it is possible to examine the overall implications of investment in a 
particular plant (or series of plants) by a process of iteration. (Constructing a plant creates demand 
for materials and equipment and their transport. These in turn affect demands on other industries, 
etc.). The outcome is a predicted revised equilibrium picture of the economy following completion 
of the investment. 

The data requirements for constructing input-output models *je demanding and this means that 
they are usually some years out of date by the time they have been constructed and are available for 
use. Since the technical coefficients (the parameteis expressing the linkage between sectors of the 
economy) change over time in response to economic and technological developments, the interpretation 
and use of the models* findings have to be treated with caution. Like the microeconomic levelised 
resource cost models they are static snap shots based on a set of input assumptions and their results 
are dependent on the validity of those assumptions. 

The model will give a measure of the overall change in the level of production and 
employment deriving from an investment programme and it can be used to derive the overall 
consequences for fuel use and pollutant emission levels of an investment, provided assumptions on the 
initial fuel mix were incorporated. The ratio of the total production arising from the initial investment 
(including the initial investment) to the initial investment itself is called the multiplier. 

The fact that multipliers can significantly exceed unity is often argued to justify government 
investment in circumstances where national or regional resources are under-utilised, following the 
theory developed by Keynes (66). The amount of secondary production (and thus the multiplier) will 
be affected by the extent to which stimulated demand is met by imports (leakage). This will generally 
be greater the smaller the 'region' covered by the input-output model. 

When considering investment in nuclear plant it has to be remembered that it is not sufficient 
to study the secondary effects arising from die investment in isolation. No matter how 'good' they 
appear they have to be compared with the effects of alternative energy investments or, when 
investment is used as a tool of regional policy, with any other investment of similar magnitude. Even 
then the possibility of resource constraints has to be borne in mind (special labour skills, production 
capacity, etc.) since these, should they exist, could materially alter the overall response of the economy 
to an investment programme. 

One aspect of input-output that does not seem to have been modelled so far, possibly because 
it would require the development of highly complex dynamic input-output models, is the effect of an 
increased level of intellectual capital on economic development. A new technology creates new 
knowledge which potentially has applications outside its original field and could both modify existing 
industrial practice (altering the technical coefficients of the model) and lead to entirely new products. 
This is usually referred to as spin-off from the original investment and is considered briefly as a 
separate topic later in this study. 

Annex V presents brief details of energy-related input-output model applications in Japan (67), 
and a simplified input-output analysis developed for exploring energy, economy, environment 
relationships (68). Input-output models are subject to the same caveats and limitations as those listed 
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in the following section for macroeconomic models. The two types of macroeconomic models can 
be brought together where this is required for the purposes of specific analyses. 

Macroeconomic analysis 

Most, if not all, countries have macroeconomic models of their economies which facilitate 
analysis of the consequences of changes in a range of parameters on future projected economic growth, 
employment, energy demand, etc. Use of such models is an integral part of the economic planning 
process that determines Government policies for taxation and investment. 

The models facilitate the analysis of the effects of changes in fiscal policy, in input prices and 
the terms of international trade. Through their role in substituting for fossil-fuels both nuclear power 
and renewable energy sources can affect future electricity price movements and the overall balance 
of trade when imported fuels are displaced. The growth of the overall economy, through its effects 
on demand, can also affect energy prices as well as investment in energy supply and distribution. The 
problem with such models is that they are very dependent on their structural relationships and 
simplifying assumptions which attempt to formalise the complexity of human economic behaviour. 
These simplifications may fail to predict activity, particularly under political or economic 
circumstances significantly different from the past Model results are also very dependent on the 
assumptions made for exogenous variables (such as world oil prices or economic policy measures). 
These variables can be profoundly affected by political decisions. 

The effects of the use of nuclear power or other energy options can be quantitatively modelled 
to assist in policy formulation. The existence of the diversity and the additional resource base offered 
by nuclear power could help in some circumstances to reduce constraints on growth that might 
otherwise develop. For example, it is possible to explore the effects of postulated fuel supply 
disruptions (either physically or via major real price escalation) when technological diversity can help 
to preserve economic activity which might otherwise be disrupted. This is not a problem normally 
addressed in conventional macroeconomic modelling studies however. 

The macroeconomic models which project energy demand necessarily assume some linkage 
between the level of economic activity and energy use. Economic activity is measured by gross 
domestic product, by disposable personal income or by some other proxy, depending on the degree 
of disaggregation and the sector of the economy being considered. In the 1960s it was generally 
assumed that there was a direct correlation between energy demand and economic activity, but the fuel 
price rises of the 1970s and early 1980s, backed by Government sponsored programmes encouraging 
efficient energy use, has led to a significant decoupling of overall energy consumption and economic 
growth with a general increase in energy efficiency (lower energy/GDP ratio) in most industrial 
nations, but not in most developing nations. Figures 3 and 4 illustrate the aggregate changes since 
1970. 

However, although total energy consumption per unit of GDP has declined in OECD, the 
continuing growth of electricity's share of energy markets has resulted in relatively constant electricity 
intensity (electricity/GDP ratio) in many industrial countries (Figure 3) and a significant increase in 
developing countries (Figure 4). The energy intensity relationships have been studied in most 
countries. Examples for the USA and the Federal Republic of Germany appear in references 69 
and 70. 
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The "standard" macroeconomic models used for general economic analysis arc not normally 
well suited or sufficiently disaggregated for the analysis of the implications of alternative energy 
supply choices. Models constructed to meet the latter objective need to have: 

a) general equilibrium characteristics to capture the workings of market forces; 

b) a high degree of disaggregation to capture the Afferent features of the alternative 
energy investment options; 

c) reliable operation over a long time period (up to SO years) to capture the full life cycle 
of electricity generating plant. 

These requirements are extremely demanding and the error margins for most models are likely to be 
so large that little confidence could be placed on results that showed relatively minor differences 
between alternative options. 

A recent study by Markandya (71), building on the work of Voss et al (72), has surveyed in 
some detail the range of models employed in energy and power systems planning. The survey looks 
particularly at the means adopted to incorporate environmental aspects, either as outputs based on 
alternative supply scenarios or economic optimisation, or altemativ \y as an integral part of the 
objective function. In the latter case, the models attempt to derive an overall optimisation of energy 
supply choices with regard to both the economy and the environment. Markandya's review 
concentrated on models that might have application in developing countries and his summary tables 
are included in Annex IV. They provide a far from exhaustive listing and Annex IV also incorporates 
examples of some macroeconomic models in more detail, based on the models employed in France, 
Canada (Ontario Hydro), Japan and the USA. Further models are described in the Finish and UK 
contributions to Annex VIII 

Forecasting models 

All decisions on new investment are necessarily based on forecasts, either implicitly or 
explicitly. For energy investment decisions, these forecasts may concern the growth of the world or 
national economies, energy demand, fuel prices, the extent and implications of technical progress in 
the range of technologies affecting the decision, public attitudes and Government policies, etc. Failure 
to address these topics directly, amounts to a decision that the status quo will prevail or that the related 
changes in the external environment will not affect the decision. 

Some of the modelling techniques are effectively static snapshots, e.g. single station levelised 
cost analysis and input-output analysis •- others can be constructed and used as dynamic models 
measuring effects over time, e.g. microeconomic system cost analysis and some macroeconomic 
models. Depending on the model definition and structure, the dynamic element can be built in 
(endogenous) or taken as independent of the model and separately specified (exogenous). In the 
microeconomic levelised cost analysis future changes in fuel prices and the capital costs and 
performance of plant are forecast separately and built into the static models. In systems cost analysis 
the growth of electricity demand is externally specified along with fuel price movements, and the 
behaviour of the power network is simulated in a dynamic fashion. 
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In the macroeconomic and input-output models the relationships between the parameter' In 
the model may alter over time as a result of technical progress, the effects of Government policy and 
exogenous factors such as world fuel price changes. 

Whatever the modelling approach, forecasts of some kind will be called for and many different 
forecasting techniques have been employed, ranging from simple trend extrapolation, through 
microeconomic or macroeconomic modelling to scenario writing. Table 6 provides a fuller listing. 
AH the methods have their limitations, particularly when the time horizons for which forecasts are 
required extend for 50 years into the future. Models relying exclusively on the extrapolation of past 
experience (and this includes many econometric models) are vulnerable to the effects of technical, 
political and economic changes in the outside world (73) which can significantly alter the nature of 
the relationships between parameters when long time scales are involved. Efforts are made to allow 
for this by introducing adjustment to cater for any technological, economic or demographic changes 
that can be anticipated. Nevertheless, there are many factors where uncertainty remains. For example, 
is economic growth subject to regular long wave cycles and if so what are the implications of this for 
economic development and energy requirements over the next few decades? (74-77). 

It was the recognition of these problems that led to the development of technological 
forecasting (78) and the widespread adoption of scenario forecasting techniques during the 1970s. The 
former looks at the pace of technological change and development, with particular regard to 
opportunities for breaks from past experience. A range of techniques is employed including 
conventional extrapolation, analogy, and modelling methods but new systematic approaches such as 
morphological analysis, cross-impact matrices and Delphi interactive opinion sampling have also been 
applied (Table 6). Further details of these methods can be found in the literature (78-82). 

Table 6. Some technological forecasting methods 

Expert judgement 
Opinion sampling - Delphi 

Trend extrapolation 
Simple projection 

Demographic/Sociological analysis 
Parameter analysis 

Mathematical models 
Econometric 

Market penetration models 
Cross impact matrices 
Morphological analysis 
Relevance techniques 

Scenario analysis 

* There is a vast literature on mathematical forecasting models and methods which is 
outside the scope of this work. The publication 'Journal of Forecasting', Wileys, 
London, provides state of the art papers. 

42 



Scenario techniques were also developed as a part of technological forecasting (78). They 
involve the creation of a series of hypothetical futures, starting from the present but allowing 
speculative deviations from the surprise free, present trends continued perspective. Such scenarios may 
do no more than postulate a range of alternative fuel prices or economic growth rates, based on a 
consideration of the different ways either could evolve. However, more radical changes can also be 
addressed involving discontinuities in Government policy, international conflict, technological 
breakthroughs, etc. The implications of such scenarios can be analysed to see how flexible or 
vulnerable proposed investment strategies are. This assists in identifying rugged strategies that will 
be effective within the range of uncertain futures that the decision taker considers plausible. The 
scenario method is no better at predicting the future than other methods but it does encourage 
systematic consideration of risks that might not be otherwise recognised. 

The development and use of scenarios is now widely practised in the energy planning field 
(17)(52,53)(83-87) and is an integral part of the process of technology assessment which attempts to 
examine all the implications, both direct and indirect, of investment in specific technologies. 

Technology assessment 

Technology Assessment is a term adopted in the early 1970s to embrace a diverse set of 
activities aimed at identifying and quantifying all the potential direct and indirect consequences 
oftechnological or industrial innovation (88). To that extent it subsumes all the factors covered by the 
models described earlier in this section and those embraced by the decision framework (Chapter 2). 

Whilst essentially quantitative, technology assessment was a process rather than a coherent 
modelling exercise and most technology assessments used a range of ad-hoc project specific models 
to explore the impacts of the technologies they were examining. 

The benefits attributed to the process were clearer identification and definition of goals and 
objectives, the separation of important and unimportant issues, the identification of unanticipated side 
effects and the clarification of the overall cost and benefit trade-offs (89). As such it may appear 
surprising that the formalisation of the process has not been more widely adopted. However full 
technology assessment for major projects can be both time consuming and costly and frequently 
extends far beyond the decision framework of those responsible in government for individual policy 
areas. This has inhibited its more widespread use as an aid to overall policy formulation. 

There have been numerous technology assessments related to the choice or development of 
energy options although most have tended to focus attention on specific aspects of interest to their 
sponsors. Some examples are provided in Annex VI. 

Scale of activity, objective functions and decision criteria 

The different types of models described in the preceding pages span a scale ranging from 
single plant investment decisions to the forward planning of a whole electricity supply network or to 
national energy policies in their entirety. Many models have also been applied to the examination of 
global issues, particularly in relation to resource availability and environment. The models can have 
objective functions that range from the unit costs of electricity to gross domestic product or, in some 
forms of the models, to total employment, overall pollution levels or balance of payments. 
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Clearly, investment in a single plant can have, at most, marginal effects on the overall 
economy. On the other hand major decisions on the future adoption or non-adoption of a technology, 
such as a programme of nuclear reactors, could have wider ramifications, particularly if the decision 
extends to many countries. The significance of this will be examined in more detail later. 

However, the different scale of the approaches has one consequence that merits mention at this 
stage. It will be noticed by the observant reader that there appear to be two distinct criteria of 
economic benefit implicit in the analytical approaches. The microeconomic approach, based on 
preference for the lowest levelised cost generation option, assumes that it is beneficial to minimise the 
national resource costs associated with the provision of electricity (or any other useful product). The 
logic behind this is that the resources not utilised when adopting die least cost option, will be used in 
other wealth producing activities, or in new or improved services. The approach assumes that markets 
will ensure the optimum use of these freed resources. 

The macroeconomic assessments, however, compare national income or product arising from 
alternative strategies, taking account of induced secondary activities, with the implication that their 
overall maximisation is beneficial; i.e. the more resources a nation uses the better. 

The dichotomy is not real however. Provided the implicit assumption underlying the cost 
minimisation approach is correct, the freed resources would be available for use in other economic 
activity. This would lead to a net gain in the total quantity of goods and services available to the 
nation and represents a real benefit. If the resources left over by choosing the least cost option achieve 
the average performance of similar resources elsewhere in the economy, national income and product 
will rise. 

If the freed resources can not be fully utilised then some of the benefit associated with their 
availability will be lost or, in extremis, reduced to zero. 

The income maximising concept underlying input-output assessments, on the other hand, 
assumes implicity that suitable resources are available to provide the calculated secondary output. If 
there are unrecognised constraints then the models will yield overestimates of the gains. Generally, 
the macroeconomic models designed to study energy options will take account of the value of 
resources left available by the adoption of the least cost route to the provision of electricity. 

The deliberate adoption of a higher cost strategy to meet a defined social need when other 
lower cost strategies to meet the same objective are available, can never be economically beneficial 
even if, taken in isolation, it might appear to increase national income. This is because those meeting 
the extra cost (the customer or taxpayer) will have their residual income reduced and be able to spend 
less on other products or services. In consequence the overall level of goods and services available 
is decreased and people are worse off, even if total national income appears unchanged. 

This has been highlighted in a number of studies examining the effects of different energy 
policies, including those of early abandonment of nuclear power in specific OECD countries (90-100). 
Some of the initial effects of abandonment might appear beneficial (eg the higher short-term 
employment and higher national income arising from the need to provide replacement generating 
capacity). However, the medium term dynamic effects would be deleterious because the costs of 
continuing to operate existing nuclear plants are much smaller than the costs of building and operating 
new plants using other technologies. (This might not be true of old nuclear plant where continued 
operation required major refurbishment to maintain safety standards). The consequent net increase in 
overall electricity generation costs could have adverse effects on economic activity and the 
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international competitiveness of the products of electricity intensive industries. The results of such 
studies are, however, very sensitive to the assumptions made (96), the scale and speed of the changes 
assumed, and the specific economy or region being examined. Table 7 summaries the general findings 
of some of the studies published for OECD countries (99). The studies ail related to countries in 
which nuclear power was replaced by a dearer generation technology. If the replacement were cheaper 
some of the longer-term economic penalties would not arise. 

Clearly, the effects shown by the studies of the abandonment of nuclear power will be largest 
when they involve the premature retirement of viable physical assets and their replacement by new 
alternative investment, with no resultant gain in the level or quality of service. The effect of selection 
of dearer power generation options to meet demand growth, or for essential replacement of obsolete 
plant, will be less damaging to an economy, but the principle is the same. This presupposes that 
nuclear power is the cheapest option for base-load power supply, as it has been perceived to be in 
many OECD countries employing the technology (Table 4). In countries or regions where nuclear 
power is considered to be dearer overall, and expected to remain so, its gradual replacement would 
save resources, but the premature closure of existing plants could still be expensive, depending on the 
costs of their continued operation. 

45 



Table 7. Categories of cost incurred in phasing-out nuclear power 

Cost Whether Phased Out 
in Long-Term Short-Term 

Replacement capacity 
and/or electricity No Yes 
substitution and/or 
lost industrial output 
due to shortages 

Extra fuel and 
operating costs No Yes 
existing plant) 

Net extra 
generating costs Yes Yes 
future plant) 

Reduced industrial Yes Yes 
competitiveness 

Reduced inward Yes Yes 

investment 

Net job losses Yes Yes 

Worse trade Yes Yes 
balances 
Loss of 
discretionary Yes Yes 
income 

Environmental Yes Yes 
costs 

Health and Yes Yes 
safety costs 

Climate risks Yes Yes 

Note: Based on short- and long-term effects identified in published studies where nuclear power is 
replaced by a dearer fossil-fuelled option. 

Source: Jones, reference 99. 
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Chapter 4 

Microeconomic Impacts — 
Comprehensiveness of Nuclear Costs 

As indicated at the outset, this study is concerned with the broader costs and benefits 
associated with nuclear power which are not captured in microeconomic resource cost analysis. It is 
appropriate to examine therefore the completeness of the range of direct costs embraced in the 
microeconomic analysis. 

It is still frequently asserted by critics of nuclear power that its published costs do not include 
allowances for reactor decommissioning, or for radioactive waste disposal, or for costs incurred by 
central government rather than the operating utility, etc. One of the original objectives of the Nuclear 
Energy Agency's comparative cost analysis (S-7) was to demonstrate that this was a false assertion 
and that all incremental costs associated with power station investment choices were fully included. 
This was shown to be the case for the investment costs, interest charges, operation and maintenance 
costs and ultimate decommissioning costs; including dismantling to a green field site status and 
conditioning and disposal of the wastes. On the fuel side all costs from uranium purchase, through 
conversion, enrichment, fabrication, transportation, interim storage after removal from the reactor and 
subsequent management are covered. The spent fuel management includes storage costs, reprocessing 
costs, where appropriate, and the conditioning and safe disposal of spent fuel or reprocessing 
wastes (8). 

It is of course possible to question whether the individual unit or stage costs employed in the 
calculations are correct, since there is inevitable uncertainty where one is projecting or using 
judgement about the future rather than stating facts about the past; particularly when some costs are 
for processes that are not yet commercially established (spent fuel and high level waste disposal for 
example) (9). However the electricity utilities are experienced in making investment choices and 
should be better placed than most to take an objective view of the future, and it has been on their 
judgements that the NEA overview studies (S-7) have relied. Fortunately, the less certain of the 
nuclear generation cost components are relatively minor contributors to the overall costs so that the 
microeconomic analysis is not sensitive to quite wide variations in their values (7, 8). (In the case of 
fossil-fuelled plant a major uncertainty is the long-term movement in fuel prices, to which overall 
generation costs are relatively sensitive, particularly for premium fuels like gas and oil). 

Separate NEA studies have examined the costs of decommissioning nuclear plant (10,11) and 
building and operating waste repositories (101). They have demonstrated that, on the basis of sound 
technical experience, the costs are reasonably well defined and that the residual uncertainties have 
relatively small impact on overall nuclear electricity generation costs for water-cooled reactors. 

There are however other categories of cost whose inclusion is less obvious or whose exclusion 
is both deliberate and proper when looking at future investments. Some, though not all, of these were 
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discussed in detail in the latest of the NEA/IEA cost comparison publication (7). A comprehensive 
listing with brief comment follows here. 

Sunk costs are simply past expenditures (or inescapable commitments) which have been 
incurred to achieve the present status of the energy or company infrastructure. They are fixed and they 
therefore have no relevance to future investment choices. For this reason they are excluded from the 
microeconomic cost analysis. This is not to say that they may not contribute to electricity prices if 
they are still being recovered from electricity consumers or taxpayers as a part of company overheads 
or as central government financial commitments, both of which are considered below. 

Large expenditures may have been incurred in opening up a fuel mine or in R&D costs to 
develop a new technology. Past activities may have led to ongoing irrevocable commitments, such 
as compensation payments to injured or health-impaired miners or expenditures on the disposal of 
existing nuclear wastes. However, this should not be allowed to inhibit the adoption of the options 
with the lowest future costs, even if accounting practices embody payment for these past actions in 
the present market prices or in company balance sheets. 

Central overheads incurred by a utility which are unaffected by the choice of the next 
investment option are conventionally excluded from the levelised cost analysis although plant specific 
overheads are included as part of the operational charges. The central costs can be arbitrarily shaisd 
amongst existing and new plants, if so desired, on the basis of plant capacity, or book value, or actual 
electricity output, for example. This would lead to higher apparent generation costs but, insofar as the 
total overhead is fixed, it has no bearing on the choice of the next investment and it would be 
misleading to include it in a cost analysis intended to influence investment decisions. Examples 
include central management functions like personnel, accounts, marketing and sales, safety 
administration, public relations, etc. Any central costs which are sensitive the incremental investment 
should, of course, be included in the levelised cost analysis. 

Infrastructure costs do not always fall on the utility but may do so in some circumstances. 
Thus central government will have energy policy branches, planning, regulatory, inspection and R&D 
functions, some of which may be delegated to local government, to specialist agencies or institutions 
such as the courts and judiciary. 

The establishment of the infrastructure, or some parts of it, may be an incremental cost 
associated with choice of a specific energy option like nuclear power when it is first introduced. 
Subsequently it becomes a sunk cost or 'central overhead', with fixed costs largely independent of the 
next investment choice. A country contemplating embarking on a first nuclear programme might 
therefore properly include f ch infrastructure! investment as an incremental cost to be included in its 
assessments, spread over the whole of its future projected nuclear programme. A country where 
nuclear power is well established would omit it from consideration, unless there were an incremental 
charge associated with the installation of additional nuclear capacity. 

Some incremental infrastructural costs are passed on to the generation company. For example, 
the costs of plf nt specific planning inquiries or court hearings could reasonably be considered a charge 
to the next investment. In some countries the utilities also pay for the maintenance of the government 
inspectorates, as well as for the direct costr they themselves incur for ensuring that safety and 
environmental rules are met and appropriate security and fissile materials safeguards arc maintained. 

There may remain variable infrastructure costs falling on central or local government that are 
not recouped from the utility. Such costs would currently be omitted from the resource cost analysis. 
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In practice these are likely to be negligibly small compared with the direct investment and operating 
costs falling on the utility for a single station, but in principle they should be incorporated into a 
national resource cost analysis. 

Plant specific elements of these costs should be and are incorporated into the investment 
analysis. Non-specific fixed cost may appear as central overheads and will be excluded. 

Research and development costs are a specific example of infrastructural costs when they are 
funded by central government. The national and overall international investment in nuclear R&D has 
been high but it has to be remembered that many countries engage in R&D to improve their 
knowledge bay2, whether or not they plan (initially or subsequently) to employ the technologies. 

Past R&D expenditure is sunk and has no direct financial bearing on future investment 
decisions, whereas much ongoing R&D is likely to be related to future systems development and is 
also unrelated to current investment decisions. Clearly, utility funded R&D or technical support 
related to a specific future plant or programme of plants should and does have its costs reflected in 
the levelised generation costs. Publicly funded generic R&D, past R&D or new systems R&D, the 
conduct of which is unaffected by the investment decision under consideration, should not appear in 
investment analysis costs. 

The major exception to this is when an appraisal is being conducted of a future technology, 
investment in whose development is being considered. The forward R&D costs would then appear 
in a national resource cost analysis spread across the envisaged programme of such plants. Thus, a 
government whose sole interest in a new technology is dictated by the possible economic benefits it 
may bring, would be likely to assess the range of net benefits that might arise from its successful 
development and deployment and the chances of its investment in R&D being successful. It could 
then compare the expected benefit from the technology (benefit multiplied by the probability of getting 
it) with the expected level of R&D costs. Broader economic impacts can be considered for such 
assessments in the same manner as for specific energy investment decisions. 

Some R&D costs are recovered from utilities via licensing or royalty payments on the plant 
or its fuel. These represent real costs to utilities whether or not the R&D is a past (sunk) expenditure 
and they would be captured in the standard microeconomic analysis. If they were payments to 
government for past national government research, they ought to be removed from a national resource 
cost analysis since the costs to the utility will be balanced by receipts to government. 

Insurance. Plant-specific insurance premiums are incorporated in the standard investment 
analysis. Like other plant operators, nuclear generation companies are liable for any damage to third 
parties their operations cause, as well as for the welfare of their employees, and their own commercial 
interests. 

However, because of the high potential costs that could arise in the unlikely event of a nuclear 
accident, the Paris Convention establishes a system by which, on the one hand, governments set a limit 
on the liability of their operators for nuclear damage, and on the other hand the operator of the 
installation concerned is strictly and exclusively liable, so that claimants are not required to prove any 
fault on his part. Operators are required to insure against liability up to the liability limit, but not 
beyond it. Fourteen NEA countries are parties to the Convention and eleven of them also participate 
in a system by which additional funding for compensation will be provided out of Stale funds. Other 
nuclear countries which are members of the NEA but not parties to the Paris Convention have also 
established systems by which there is a limit on the amount of insurance each operator is required to 
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take out to cover third party liability. The value of this relief is considered later when the costs of 
accidents are discussed in Chapter 5. 

Environmental externalities. The microeconomic cost analysis is conducted within the 
framework of existing (or anticipated) regulatory standards for both nuclear power and other energy 
options. To the extent that there are residual emissions imposing costs on third parties (externalities) 
they are not captured by the analysis. 

The significance of this is discussed later in Chapter 6. It is not believed to distort nuclear 
costs because the emissions at all stages of the fuel cycle (and associated with nuclear plant operation 
and decommissioning) are very tightly controlled. There could be significant distortion for other 
fossil-fulled generation options however. 

Overview 

From the preceding five sections it will be seen that the levelised cost method, as set out in 
the NEA studies (5-7), should capture almost all the costs relevant to new plant investment decisions. 
The possible exceptions are environmental externalities, particularly for fossil fuels; some national 
infrastructural costs, if these are not recouped from the utility but are nevertheless affected by the 
utility's investment decisions; and the costs of major accidents, to the extent that these are not captured 
by plant specific insurance. 

In situations where the costs of individual plants are built into systems planning models, rather 
than treated as a one-off investment, the evolution of plant costs over time needs to be considered. 
Experience in the past in many OECD countries has not been encouraging in this regard, since 
tightening regulatory requirements have tended to increase specific costs (costs/kW capacity) faster 
than technological development and experience has reduced them (102). Nevertheless the nuclear 
industry has been studying the lessons of the past in order to ensure that problems are minimised in 
the future, and that the best international practice is more widely adopted (103, 104). The United 
States, for example, plans to introduce one-step licensing to eliminate delays and reduce the financial 
uncertainties surrounding nuclear plant investment costs. 

50 



Chapter 5 

The Broader Impacts and Their Significance 

Introduction 

This chapter examines each of the postulated broader economic impacts arising from nuclear 
power deployment, and seeks to set them in context by reference to specific studies where these exist. 
The exception is the economic consequence of the effects *>f pollution emissions on the environment 
and health, which is dealt with separately in Chapter 6. 

The treatment of factors in isolation (even though this is the way they are often introduced into 
qualitative discussions) is potentially misleading since several of them are closely inter-related. It will 
become evident from the discussion in the following sections that the secondary or induced production 
effects, employment and balance of trade, will all be affected by energy investment choices, and that 
complex feed-back mechanisms come into play through the normal channels of a national economy 
and its interactions with the other economies with which it trades. 

It is because of these interactions that the modelling approaches described in the Chapter 3 
(macroeconomic and input-output) have been developed and applied, in an attempt to assist in 
assessing the overall longer-term dynamic consequences of alternative choices. Indeed it is clearly 
potentially misleading to look at any one of the factors in isolation or to rely on static equilibrium 
models that take no account of the longer-term consequences. The complexity of such models and 
the inevitable uncertainties affecting their output, is a major barrier to the provision of definitive 
answers to questions about the relative merits of alternative investments. 

For simplicity the individual impacts are examined separately but from the perspective of their 
overall implications for a national economy. The arguments put forward are not qualitatively affected 
by the question of whether a single plant or a programme of nuclear plant is considered, although 
quantitatively there will be differences and, in extremis, some of the constraints that do not apply for 
individual plants could come into play with large construction programmes. The impacts are examined 
in two separate groups: those that are normally linked through macroeconomic models and those that 
may have impacts on the wider economy but which would usually be regarded as exogenous factors 
(i.e factors with values that are set independently of the remainder of the economy by outside forces). 

Interacting macroeconomic impacts 

Secondary investment effects 

The nuclear industry comprises reactor designers and constructors, reactor component 
manufacturers, reactor operators, and the associated mining, conversion, fabrication, storage, 
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reprocessing and waste management and disposal functions associated with the fuel cycle. Th? 
associated infrastructure includes education, research and development, and the planning, regulatory 
and inspection functions. In total these make a small but significant contribution to the economic 
activity of the OECD nations. 

In round terms the total current replacement cost of existing nuclear generating capacity and 
fuel plant in OECD would be in the region of $500 Billion with annual expenditure on new plant 
running at around $6 Billion p.a with fuel production and spent fuel management at $10 Billion p.a. 
(Based on total reactors, reactors under construction and annual fuel requirements at typical current 
prices). The figure for current rates of new investment is lower than it has been in the past decade 
due to a general slow down in ordering. 

The act of investing in a new nuclear plant (or any other project) will stimulate economic 
activity over and above that reflected in the conventional resource cost analysis. Those employed on 
the manufacture of parts, production of fuel, construction and operation of plant, etc. will in turn use 
their income to pay for goods and services, housing, etc. This will result in total increases in the 
regional or national income that can exceed the direct investment costs by a significant margin. This 
is the multiplier effect captured through the use of input-output analysis or similar studies. Its 
magnitude is dependent on the nature of the technology involved and the extent of its reliance on 
domestic or imported goods. Japanese input-output studies outlined earlier (67) (see Annex V) have 
indicated that the multiplier in their economy could be as high as a factor of 2.6 for nuclear investment 
and 2.0 for nuclear power plant operation. 

Should there be some credit given to nuclear investment to allow for this extra economic 
stimulation? The answer is not straightforward. Firstly, for the multiplier to be a real gain to the 
national economy there must have been underutilised resources available to meet the extra demand. 
If there were not, inflation and higher imports would be the result in the short term. Secondly, if there 
were underutilised resources then the effect on them of comparable alternative investments (e.g. in 
coal-fired or gas-fired plant or renewables) should be considered. Only if a given level of nuclear 
investment made better use of national resources than the same level of alternative investment could 
it be regarded as an economic gain. 

Time is an important factor. In a situation in which national resources were fully utilised and 
an investment programme worsened the balance of payments or led to inflationary pressures in the 
short term, there could still be an overall gain if the programme reduced costs and released resources 
in the medium and long term. This could be the effect of deploying nuclear power or renewables, 
whose higher initial investment costs result in subsequent savings in expenditure on fossil fuels over 
a period of 40 years. 

The Japanese model described in Annex V compared nuclear investment with investment in 
transport machinery. The latter industrial sector had a smaller multiplier (2.3) than the former (2.6), 
but both exceed the average multiplier for total Japanese private investment (2.1). Separate studies 
by the Japanese Central Research Institute of the Electric Power Industry (105) have suggested that 
a genera] increase in government expenditure produces an even lower GNP multiplier of about 1.9. 
Specific nuclear investment therefore appears to give a comparatively high economic stimulus, but the 
studies do not provide data for other electricity generating technologies. 

For countries like Japan which have to import fuels there should be a greater secondary 
production gain from nuclear power, with its low fuel costs, than from fossil-fired plants with their 
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higher fuel costs. Renewable sources with no fuel requirements might be even better, but the other 
materials needed for plant construction would also enter the equation. 

As will be discussed later under balance of payments effects, the higher leakage from the 
national economy (purchase of imports) arising from use of, say, coal fired plant, will leave more 
national resources free whilst providing the overseas suppliers of coal with funds with which they, 
either directly or indirectly, can purchase at some time an equivalent level of resources to supply them 
with goods or services they require. Only in circumstances where there was chronic resource under-
utilisation globally could differential multiplier effects be regarded as accurately reflecting real long-
term economic gains attributable to the technology. 

In situations where all the resources and fuels for the different electricity supply options are 
indigenous, the multipliers may still differ if the income arising from the options accrues to population 
groups with different propensities to save or consume, or with significantly different patterns of 
expenditure on indigenous and imported goods and services. The same general considerations apply 
therefore. 

To put matters in perspective, in practice only about 3 per cent on average of national income 
in OECD countries is spent on electricity supply. The differences in costs between supply options 
represents an even smaller share of national income. For this reason decisions on electricity 
investment choices have, at most, a marginal short-term effect on the economy, and indigenous 
resource constraints need not be a matter of major concern, even at times of nominally full 
employment. However, whilst electricity typically accounts for some 4 per cent of overall industrial 
costs, it is a much higher proportion of the costs of some industries such as steel, chemicals and paper 
making. It is for this reason that any significant rise in electricity prices is regarded with concern, or 
reductioas are regarded with favour by industry. They see high energy and electricity prices as a 
disincentive to inward investment and a threat to international competitiveness. 

The benefits to the economy of secondary induced production, which are not captured in the 
microeconomic levelised cost analysis, can therefore be considered as a gain attributable to nuclear 
power, but only when viewed in the context of the development of the economy as a whole over time 
and when set against the similar benefits attributable to alternative investment options. 

Unfortunately, the multipliers derived from static input-output analysis give only a snap-shot 
view and cannot be regarded as adequately representing the long-term effect. Even their incorporation 
into the framework of the dynamic macroeconomic models of Chapter 3 is unlikely to help. The 
degree of disaggregation and the database required to model effectively all the secondary consequences 
of different investments within a global framework is unrealisable at the present time, and likely to 
remain so. 

Employment 

The nuclear industry is a significant though not a major employer in OECD countries 
(Table 8). In line with its contribution to GDP it employs at most a few per cent of the working 
population (1.3 percent in direct and indirect employment in France). One characteristic of the 
industry is its relatively high proportion of skilled and graduate staff relative to most other major 
energy and manufacturing industries. This has been highlighted in a recent NEA Study (106). 

There is however no question that the direct employment (in global terms) afforded by the 
industry in construction, operations and fuel services is lower than that involved in equivalent 
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Table 8. Employment in the nuclear industry 

Country 

Belgium 

Canada 

Finland 

France 

German Federal Republic 

Japan 

Netherlands 

Sweden 

Switzerland 

UK 

USA 

Nuclear Electricity 
1990(C) 

Capacity GWe 

5.5 

13.7 

2.3 

55.8 

22.4 

30.4 

0.5 

10.0 

3.0 

11.2 

100.0 

Output 
TWh 

40.4 

67.1 

18.1 

297.7 

144.1 

191.1 

3.5 

65.3 

22.3 

60.0 

570 

Direct Employment 
(Rounded) 

Total 
(a) 

30000 

160000 

13000 

53700 

44000 

300000 

Qualified (b) 

900 

400 

9300 (d) 

10800 

350 

1600 

700 

12500 

77000 

Sources: (a) From NEA Qualified Manpower Study to be published in 1992; 
(b) NEA, reference 20; 
(c) CEA, COGEMA, EDF, FRAMATOME. 
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electricity supply using coal and possibly renewable sources. This is the principal reason for the lower 
projected costs of nuclear power compared with coal-fired stations in many OECD countries. At 
times when high employment has been a political objective this fact has been used as an argument for 
pursuing energy options other than nuclear power in countries with indigenous coal 
supplies (98)(107)(108), although the misconceptions underlying the argument are self evident (109). 
If employment were the only goal, power production using human treadmills should be 
preferred (110). 

Direct employment in construction and in the many stages of the nuclear fuel cycle (as well 
as in other electricity generation technology options) is fully reflected in the resource cost analysis, 
with labour valued at its opportunity cost as revealed by salaries and wages in the labour market. To 
this extent the direct cost minimisation objective may btoadly reflect minimum direct use of labour 
resources in electricity production. 

The situation is precisely analogous to that described in the previous section in relation to 
overall resource utilisation (labour being one major national resource). If only direct short-term 
employment effects are examined the longer-term dynamic consequences of adopting high cost (high 
direct employment) strategies on other sectors of the economy, both directly and through international 
competitiveness, are ignored. These longer-term effects have figured significantly in studies of the 
implications of abandoning nuclear power where the electricity price rises would have a serious effect 
on competitiveness for some countries (90-94)(100). 

The studies that have sought to establish the quantitative implications of nuclear power have 
suggested that medium term employment losses following its abandonment would arise directly from 
the consequences of higher electricity prices. 

In Sweden a cost of $1 Billion per annum over a decade was estimated to be needed to 
replace all its nuclear capacity, leading to a net drop in GDP of 1 per cent with a significant rise in 
unemployment (94) due to loss of competitiveness of its steel, pulp and chemical industries. In 
Germany (95) a gradual phase out of nuclear power has been claimed to increase generation costs by 
5 to 6 per cent, also contributing to losses of employment in major manufacturing industries; results 
differ considerably from study to study however, depending on their assumptions (96). French studies 
have suggested that the adoption of nuclear power rather than coal has averted a probable long-term 
decline of some ISO thousand jobs (92). In all the cases referred to, nuclear power had lower 
generation costs in microeconomic terms than coal-fired generation. 

All the studies anticipate significant detrimental effects because the long-term effects on the 
overall economy are believed to outweigh any short-term gains in the numbers employed in other fuel 
industries and the construction of replacement plant. 

However, the outcome of studies on the employment implications of pursuing different 
electricity generation options (or conservation versus energy supply) are very dependent on the models 
and assumptions used. Static short-term models will differ from dynamic models that build in longer-
term consequences. Different views on relative generation costs and the contribution of nuclear power 
to the overall level of electricity supply are also important. One German study has brought together 
a number of studies conducted in that country (96) to highlight the significance of the assumptions and 
models used. The studies show employment changes varying from increases of 130,000 to decreases 
of 60,000, depending on the sources. 
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As an extreme case one might examine the implications of adopting a low-employment low-
cost option (say nuclear power) in a situation where its choice will lead to displacement of a larger 
number of jobs in coal mining. Should the costs of "lost jobs" be taken into the decision equation? 

For a closed economy the economic answer is generally no, since the least cost option provides 
the same overall level of services but leaves at least the prospect that the freed labour can be gainfully 
employed elsewhere in the economy to add to overall national wealth. It also leaves the financial 
means in the hands of the electricity consumer through his saving on energy bills, to exploit the 
opportunity afforded. 

However it is possible that in countries with high levels of chronic unemployment the 
economic or opportunity cost of labour is very low (either nationally or regionally). This is the case 
where unemployed workers are supported by the state out of taxation, and where their employment 
will increase direct costs to their employer but provide comparable savings to industry and the 
taxpayer through the removal of the need for support payments. The resource cost of the labour is 
then equal to the difference between the wage in employment and the social support payment. 

In circumstances where this is the case the appropriate action may be to substitute the resource 
cost for the wage component in the national resource cost calculation. This would modify the 
lcvelised cost of alternative options by an amount that could differ between options if the employment 
prospects for their particular labour pools differed significantly. 

It is not obvious that this would normally justify any adjustment of nuclear generation costs 
in OECD countries. However, there might be arguments in some countries for adjustments to other 
technologies' costs where long-term chronic unemployment can be affected by their adoption or non-
adoption. 

However, as with investment, it can be argued that the employment implications of different 
electricity generation options are marginal to the economy as a whole, and that they should be 
encompassed by the general economic policies of Government and not be the concern of energy policy 
per se. 

Balance of payments 

The effect of policy choices on balance of payments is frequently used as an argument to 
favour one option over another on the basis that anything that reduces imports or increases exports is 
beneficial to the economy. 

A trade imbalance implies that a deficit country will be prepared to supply goods and services 
in the future while creditor countries arc building up credits that they could use at some future date 
to obtain goods or services. The former is enjoying current consumption for which it is willing to pay 
later in goods and services, whereas the latter are giving up current indigenous consumption in favour 
of the future. Persistent imbalances would be expected to affect monetary exchange rates to the 
detriment of the debtor and those holding his currency. 

The nuclear industry can affect trade balances through the import or export of technology and 
fuels. Its potential for technology export has been advanced as an argument in many countries in 
support of its development, whilst its ability to substitute low-cost uranium imports for high cost oil, 
coal or gas has also been argued in favour of its adoption. Even countries with indigenous fossil-fuel 
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supplies can argue that their substitution by lower-cost uranium will free the more expensive fuels for 
export (where they can compete internationally). 

A further and distinct argument is that specialisation in a technology and exporting it can 
reduce its indigenous costs as a result of the increased scale of production. Once again the question 
is whether any of these claims represent broader benefits that are not reflected in the microeconomic 
resource cost analysis. 

Where trade imbalances occur, countries with chronic deficits will be likely to find greater 
difficulty in borrowing and to see their currencies depreciating in real terms relative to those of other 
more balanced economies. In such countries some additional economic value might be attached to 
technologies or products offering import substitution or export growth, in the sense that they offer the 
prospect of relieving one constraint on domestic economic growth. 

The value to be attached to them is however very dependent on the economy concerned and 
the scenario adopted. Thus for a technology which is cheaper and reduces import dependence, as 
nuclear power does for many OECD countries, the economic saving will be enhanced by the trade 
balance effect. On the other hand, where an expensive indigenous resource such as coal is displaced 
by cheaper imported fuel, the economic impact of lower costs will offset or exceed the effect of the 
trade balance. A great deal will depend on the use to which die freed indigenous resources are put 
and the effect of marginal changes in trade balance on the international purchasing parity of the 
domestic currency. 

For a country using light water cooled reactors and importing its nuclear fuel, including all 
nuclear fuel services, the fuel cost per kWh is around 8 mills (7) of which about 2 mills is for uranium 
itself at current world contract prices. (Spot prices at about $9 per lb U3Og are significantly lower than 
contract prices at around $20 per lb U308 at the present time. A mill is one thousandth of a US 
dollar). These costs compare with around 17 mills per kWh for the coal fuel for a coal-fired plant at 
world traded coal prices ($1.8 per GJ or $47 per tonne delivered to European or Japanese ports) and 
even higher oil and gas prices (7). This means that each 1000 MWe nuclear power station operating 
at an assumed load factor of 75 percent can save some $60 million to $100 million per year in 
imported coal fuel costs, or more for oil or gas, depending on its degree of reliance on overseas 
nuclear fuel services. (This only applies to those OECD countries without access to indigenous fossil-
fuel supplies). 

For a typical OECD country in which electricity costs to the "onsumer were around 3 per cent 
of total GDP, the effect of adopting 100 per cent nuclear power rather than 100 per cent coal fired 
power using world traded coal, would be an import cost saving of about 0.8 per cent of GDP if all 
nuclear fuel costs were paid to overseas suppliers, or 1.5 percent of GDP if uranium only were 
imported and other fuel cycle services provided indigenously. 

This is of the same order of magnitude as the estimated overall impact on gross domestic 
product of phased replacement of nuclear power by fossil-fired plant in Japan (100) and France (92). 
This has been calculated to lead to a 1 per cent decline and 1.6 per cent to 2.2 per cent decline in their 
respective GDPs. The referenced studies show the results to be sensitive to the assumptions 
concerning fossil-fuel prices and also indicate that the change would have an inflationary effect, raising 
real consumer prices by nearly 5 per cent in the Japanese study and 1 per cent to 2 per cent in the 
French case. (The former assumed a global phase out of nuclear power whereas the latter looked at 
a phase out in Trance alone). 
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Price stability 

The introduction of an additional large scale energy source, like nuclear power, into the 
world's energy supply mix helps to provide price stability. It does this in three distinct ways. 

Firstly, the availability and use of the additional source reduces demand pressures on the fuels 
it displaces and leads to their future prices being lower than they would otherwise have been. This 
benefits all fuel users even though they themselves may not have adopted the new energy source itself. 
Thus the industrial countries' adoption of nuclear power will have helped to restrain the world market 
price of oil and coal to the benefit of the developing countries amongst others. 

Nuclear power, conservation and efficiency measures, and expanded supplies from newly 
discovered sources all contributed to the reduced demand for OPEC oil that triggered the major fall 
in world oil prices post 1980. However, the decline of some $10/tonne in coal prices and $l5/bbl in 
oil prices from their levels in the early 1980s is saving the world's importers some $350 billion per 
year. Even if nuclear power's contribution to this saving was modest it still represents a major benefit 
to the importing nations (99). An IAEA study (111) examined the composition of the fuels displaced 
by nuclear power in 1987 and found it to be mainly oil, particularly in Europe (see Figure 12). 

A Japanese study has endeavoured to quantify the effect on fossil-fuel prices of nuclear 
power's contribution to world energy supplies (100). The analysis has examined the cost implications 
of suspending nuclear power production globally, either immediately or over a ten year period. In 
both cases oil and coal prices are projected to rise to nearly double their 1990 levels by 2005, resulting 
in a decline in Japanese GDP by 1 per cent in real terms by 2005. The effect of similar fuel price 
changes on other countries' economies would differ depending on their use of imported fuels. One 
problem, both in the analysis of the past and projecting the future, is the fact that oil supply has been 
artificially constrained by a major low-cost producer (Saudi Arabia), so that market prices have not 
reflected marginal production costs, and may not do so in coming decades. 

Secondly, one characteristic of nuclear power, which it shares with renewables, is its relatively 
small post-construction operational costs (including its fuel) in most OECD countries, compared with 
the fossil-fuelled options. The conventional investment analysis takes account of projected increases 
in the real price of fuels but, should the projections prove wrong, the cost of fossil-fuelled power is 
far more sensitive to error than nuclear power (or renewables). 

Any significant systematic post-construction price changes affecting operating costs that have 
not been correctly anticipated in the microeconomic assessment, could have a similar effect to fuel 
price rises. Such changes have not been observed in the past (5-7) except insofar as operating costs 
of coal-fired plants have been increased as a consequence of emission control technologies which 
impose direct costs and reduce thermal efficiency, thereby increasing fuel costs. However, these costs 
have been taken into account in the microeconomic studies. The sharp rise that was observed in US 
nuclear plant operating costs during the 1980s (112) has not been paralleled by experience in other 
OECD countries (7). Definitional differences in cost allocation between categories can not be ruled 
out. Overall projected US nuclear generation costs (7) were consistent with those of other countries 
due to the balancing effect of lower fuel costs. There is no reason at present to suppose that nuclear 
operating costs, as incorporated into levelised cost analysis (7), arc subject to future unexpected 
increases in the US or elsewhere. 
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Thirdly, the adoption of a significant tranche of a different energy source can significantly 
reduce the leverage, and hence the likelihood, of disruptions in the supply of fossil fuels due to the 
types of domestic or international action described in the next sub-section on security of supply. 

Both the first and the third of these benefits are very real, but neither is materially influenced 
by specific incremental investment decisions and at least some of the benefit may be obtained at no 
cost to the beneficiary through the investments of others. In principle the effect of reduced global (or 
domestic) demand for fossil fuels on the costs and prices of the fuels being brought to the market can 
be estimated, and conventional macroeconomic models, of the type described in Chapter 3, can be used 
to derive the impact of reduced fuel prices on overall economic activity. 

Figure 12. Fuel displaced b y nuclear power: worldwide, 1973-87 

Million barrels of oil equivalent per day 

0 I , . I I I I I I I I I I I 1 1 1 

1973 75 77 79 81 83 85 87 

Note : Figure ignores price effects. 
Source: IAEA, Reference 111. 
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The interactions are complex if there are shock price rises because these can have a significant 
inflationary effect, particularly in fuel importing countries. The price restraint arising from the 
availability of nuclear power or other means of replacing fossil fuels will be gradual, and it is not 
likely, therefore, that they will have a major impact on the short- to medium-term consequences and 
likelihood of abrupt fossil-fuel price rises. 

The second effect has been approached in two distinct ways. One examines the implications 
of postulated shock fossil-fuel price rises for power systems arising from different future investment 
strategies. This gives ? clear indication of the savings that might be achieved through the use of non-
fossil-fuel options. These can then be compared with the costs of implementing the strategies. 

In those OECD countries where nuclear power is clearly cheaper than fossil-fuel use for 
baseload power generation there will be an additional benefit over and above the direct gain calculated 
on the surprise free projection basis. Where nuclear power (or a renewable technology) appeared 
dearer than fossil fuel use in the country adopting it, the shock fossil-fuel price scenario would indicate 
the benefit from its use, which could be compared with the extra costs of its deployment on the 
surprise free projection. 

The weakness of this approach is that the 'benefit' is entirely dependent on the size of the 
hypothesised shock, which by definition is an unlikely event and represents only one of a whole 
spectrum of other 'unlikely' futures. If it were possible to apply probabilities to such divergences 
from the surprise free future projection of fuel prices, they could be accommodated in the conventional 
investment analysis in order to derive an expected economic cost differential between the different 
generation options (113)(114). 

This latter approach has been employed (115-117) in several OECD countries using 
computerised Monte Carlo sampling techniques, or Latin Hypercubc methods (118,119), to estimate 
the probability density functions for the outcome of alternative investment strategies. The conclusions 
of such studies can be presented in the form of the probability (statistical chance) that a given nuclear 
plant would prove a cost-effective investment vis-a-vis a coal-fired plant or any other option for which 
data were available (120). 

A novel and completely different approach was developed for the Hinkley C PWR Inquiry in 
the UK (121). The basic argument was that fossil-fuel prices were inherently uncertain whereas 
nuclear fuel (or renewables) costs, once the appropriate generation plant was constructed, were 
predictable and stable. Despite recent rate increases by Canada's Ontario Hydro utility, partly needed 
to cover refurbishment of existing nuclear plants in the short term, Canadian studies (122) have 
demonstrated the long-term stabilising effect of nuclear power on electricity prices in that country. 

The UK analysis (121) argued that the consumer is willing to pay a premium for price stability 
in order to avoid the risk that prices will be higher than anticipated. A method was devised to 
quantify this premium based on the observed willingness to pay for reduced risk, exhibited in the 
equities markets, based on the Capital Asset Pricing Model. 

The method, which was recognised as being no more than a preliminary assessment, is 
outlined in Annex VII. It gave a suggested premium for nuclear power, given the plant and fuel mix 
existing in the UK, of around 6 per cent of the levclised cost of fossil-fuelled generation (i.e ~ 
0.2p/kWh), based on specified assumptions concerning possible fossil-fuel price variations. 

60 



Whilst this section has been concerned mainly with the effect of fuel prices on electricity price 
stability it has to be noted that in the US in particular nuclear plants have contributed to short-term 
instabilities. These have arisen from the phenomenon of 'rate shock' where generators have not been 
able to include nuclear capital charges in the regulated electricity price until the plants came on stream, 
with a consequent sharp increase in their charges (ref 15, p 377). Other problems for utilities and their 
customers have arisen when plants have experienced unexpected and costly failures: Brown's Ferry, 
Sequoyah and Three Mile Island are well known examples. Other OECD countries do not have the 
same regulatory framework and have not experienced the same acute problems as the USA. 

Regional impacts 

The regional impacts of investment in new generation capacity are similar to those discussed 
for national economies in the preceding sections. The local impacts are larger relatively in terms of 
employment, environmental and infrastructural effects and secondary production. However, labour and 
manufactured products are likely to be drawn in from outside the region so that the local gains may 
be diluted. Nevertheless one source has estimated a regional economic multiplier of 1.6 for nuclear 
investment in Ontario, Canada (123)(124). 

Specific studies of regional impacts have been made in relation to the spent nuclear fuel 
reprocessing industry (125) and the siting of reactors and other services (126-129) in rural areas. The 
positive effects include both direct and indirect contributions to local employment and to regional 
economic activity and infrastructure. As with any major development, there are associated negative 
environmental impacts and disturbances, although these are smaller than for equivalent coal-fired 
generation (see Chapter 6). 

Other impacts with economic consequences 

Security of energy supply 

One advantage sometimes claimed for indigenous fuels, for fuel-free energy systems or for 
technologies requiring low volumes c» fuel (like nuclear power), is that they enhance the security of 
energy supplies. They can do this mainly by reducing dependence on external fuel sources, the 
supply of which could be disrupted through political or other actions. Such actions might produce 
their impacts on the economy either through physical shortfalls of fuels, which would then halt or 
reduce the achievable level of manufacturing and service outputs, or alternatively fuels may be 
replaced by dearer fuels from other sources, thus affecting the economy through price rises. 

The latter effect is generally the more likely and was experienced during the oil market 
disruptions of 1973/74 and 1979/80, both of which had major impacts on the economies of importing 
nations as they reacted and adapted to higher fuel costs and their worsened balance of payments. 

In some cases insecurity can arise from domestic causes such as the year-long miners' strike 
in the United Kingdom in 1983/84 which forced coal users, including electricity producers, to switch 
to alternative fuels, some of which were markedly dearer (notably fuel oil). In general any forced 
switch of fuels will increase generation costs if the least cost options were already being exploited. 
This may not be the case if supplies of dearer indigenous fuels, used as a result of earlier government 
policies, arc disrupted and replaced by cheaper imports. 
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A further source of insecurity is the risk that use of any one technology or group of 
technologies might be restricted in the future due to unforeseen events. Nuclear plants might be 
affected if further major accidents were to occur. Fossil-fuelled plants might be affected by 
environmental concerns. 

Since supply of any fuel, indigenous or imported, can be disrupted by any one of a number 
of causes, including many totally unrelated to the industries concerned (war, political decisions, 
transport strikes, extreme weather), for periods that might range from days to years depending on the 
cause, diversity to avoid over-dependence on any one source must be seen as beneficial. The benefit 
has the nature of an insurance measure against events that may or may not occur. 

Security of electricity supply 

Security of electricity supply is a special case of security of energy supply with its own 
characteristics arising from the very limited extent to which electricity can be stored. 

In practice the assured provision of adequate supplies of electricity at reasonable prices may 
be viewed as a separate Government objective within the overall decision framework (Chapter 2). 
This may be seen as justifying Government intervention in development and investment planning 
through directly sponsored ventures, through fiscal incentives or subsidies or through regulation, unless 
Governments are satisfied that market forces acting on generation companies provide adequate 
incentives and assurances for appropriate security of supply to be maintained. 

In practice the supply industry will take modest steps, through diversification of fuel suppliers 
and the maintenance of small buffer fuel stockpiles, to ensure that they can withstand minor temporary 
fuel supply problems. Generators with commercial objectives will not however invest large sums to 
provide supply continuity for which the perceived rewards may be limited by the regulatory framework 
and by the likelihood that rationing would be introduced if major supply problems arose. Strategic 
fuel stockpiles capable of withstanding prolonged supply disruptions are normally maintained either 
at Government's expense or at Government's direction. Most, if not all, new generating technologies 
have long development times and high specific capital costs. They have had to be brought to the stage 
of commercialisation by means of Government funded programmes or, for smaller scale technologies, 
on the basis of considerable subsidies, because the perceived commercial risks were too high for 
generation companies to accept. 

Almost all electricity generators in OECD countries enjoy regional monopolies and are 
carefully regulated with regard to the prices they can charge so that they can only expect to eam 
modest margins of profit on their costs. In consequence electricity prices to the consumers are kept 
stable. Many studies have shown, however, that at times of supply interruption the consumer values 
electricity at well above the normal price, a factor of 10 or more being not uncommon, depending on 
the duration of the interruption, the amount of forewarning, the time of year or time of day, the 
frequency of power outages, and the nature of the consumer's business (130-133). 

The electricity supply industry can take this consumer valuation into account in planning the 
overall system reliability and the plant capacity margins it maintains to cover adverse weather 
conditions and mechanical breakdown within its own plant (44)(134). It does not normally cater for 
force majeure events outside its own control, but whose effects on a national economy could be 
considerable. 
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Based on the approximate linearity of the electricity versus GDP relationship (69, 70), 
Figure 3, and the critical reliance of much of the economy on electricity for instrumentation, control, 
heat and power, it would be anticipated that any significant shortfall in power supply would produce 
a roughly pro-rata fall in economic output. In practice the drop could be larger because of knock-on 
effects, and it could be prolonged if the initial disruption were protracted enough to lose the markets 
for lost products to unaffected suppliers of goods and services in other countries. On the other hand 
the effects of an extended anticipated supply failure on the economy might be ameliorated by rationing 
or by the introduction of alternative high cost local generation to maintain the operation of critical 
processes. 

There are a number of strategies which can provide varying degrees of assurance against 
specific risks. For any one fuel, users can establish stockpiles at or near the point of use to guard 
against supply or transport problems. Alternatively fuel supplies could be obtained from a number 
of different sources unlikely to be simultaneously affected by problems. 

In the former case the fuel stockpile leads to extra costs to the user equal to the interest 
payments on the capital tied up; a sum that depends on the size of the stockpile maintained. In the 
case of source diversification, it is to be presumed that the user incurs higher costs due to a reduction 
in any discounts he obtained for quantity and to increased transport and administration charges, 
compared with those he would otherwise have experienced. 

An alternative strategy is to use a mix of fuels or technologies (coal, gas, nuclear and 
renewables) so that disruption of any one source is not critical. Again this will normally imply 
moving away from a least cost strategy. 

The risks of renewable source disruptions are somewhat different in that they can occur 
naturally due to drought (hydropower, biomass) or prolonged calm or tempest (wind turbines) for 
example. Like all plants the renewables sources can also fail physically. 

Of the renewables, only hydropower can be protected by "stockpiling", which, in this special 
case, would require the dam to be constructed to impound a significantly larger water volume than 
otherwise required. The other risks of failure or interruption of supplies, due to weather (or longer-
term climatic) fluctuations, can only be guarded against by installing extra capacity based on other 
unrelated technologies. This is analogous to the capacity margin, built in most developed countries, 
to provide adequate assurance oi continuity of power supply, whilst using plants that can not be 
guaranteed to be available for use 100 per cent of the time (134). 

In the case of renewable technologies the possibility of common cause non-availability in a 
geographic region (no wind, drought, etc.) has to be taken into account, whereas conventional thermal 
plants are normally regarded as operating independently. The latter was shown to be a questionable 
assumption in France in 1989 and 1990 when drought affected both hydropower output and thermal 
plant output due to its effect on the availability of adequate flows of cooling water in the rivers. Low 
water levels have also affected the transport of solid fuels by barge in Europe. 

The costs of providing an assured electricity supply can therefore include fuel stockpile costs, 
fuel source diversity costs, fuel (technology) diversity costs and capacity margin costs. The question 
then is does any one strategy or technology carry lower assurance costs than the others. 

Nuclear power can have an advantage over both fossil fuels and variable renewable sources 
in this regard. For a specific stockpile coverage (1 year for example) the costs of purchasing and 
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holding the fuel stock will be much smaller for nuclear power than for coal, oil or gas. The cost for 
the different fuels will be a given percentage per annum (the financial interest rate), of each fuel's 
contribution to generation costs, plus some allowance for any incremental storage charges. The latter 
will be much the highest for gas and oil if on-site storage is required, since special facilities would 
need to be constructed. If the necessary capital investment is ignored the stockpile costs might be of 
the order of 1 mill/kWh for coal, 1.5 mills/kWh for oil, 2.0 mills/kWh for gas and 0.5 mills/kWh for 
nuclear fuel, each per year of stockpile required, giving nuclear power a small economic advantage 
relative to its competitors. 

Multisourcing of fuels would also generally be expected to result in effective price increases 
of a few percent or more, depending on the fuel sources available and the costs of transporting fuel 
to the power station. This could well be cheaper than stockpiling but does not protect against transport 
disruption nor does it take into account the likely effect on all world prices of the removal of any 
single major supply source for a period. 

The adoption of technological diversity has a different effect in that it can only protect a 
fraction of the power supply, whilst rendering it vulnerable to other types of fuel supply disruption. 
(We ignore here the technological mix used to minimise supply costs when taking account of the 
different plant characteristics and their economic suitability for base, mid-merit or peak load supply). 
The adoption of nuclear base-load plant will reduce the effects of fossil-fuel supply disruption but will 
add a risk of nuclear electricity supply disruption. In practice nuclear fuel supply is unlikely to be a 
problem, since reactors are normally refuelled only once a year and fuel stockpiles ate easy to establish 
and maintain. Of greater concern is the possibility that a nuclear plant might suffer construction 
delays, might have to be shut down or might not reach its performance targets. Efforts are made to 
ensure that this does not happen but external events could conceivably affect reactor operation. This 
eventuality can be guarded against by sticking to proven or evolutionary designs with established track 
records, wherever possible. 

Overall, nuclear power would appear to have a small but significant advantage in terms of 
lower fuel supply assurance costs relative to fossil fuels, equivalent to savings of perhaps 1 to 
2 per cent p.a of total generation cost per year of assurance considered necessary against coal or 
significantly higher for gas-fired plant, particularly if investment costs for storage capacity are 
included. These potential savings are not reflected in the standard microeconomic analysis. 

A slightly greater advantage over fossil fuels would accrue to renewable sources which need 
no fuel stockpile. However, those that are inherently intermittent (wind and solar) suffer relative to 
the firm sources in that they require larger tranches of 'spare* capacity to guard against non
availability. Furthermore rapidly varying renewable inputs to a grid system introduce inefficiencies 
which could reduce the value of their electricity. They act as variable substitutes for thermal power 
inputs which can not be varied sufficiently rapidly to provide all the fuel savings that are theoretically 
possible. However, it has been argued that load can vary even more rapidly than the renewable supply 
and, in such a case, the renewabie's short-term variability would not add to system inefficiency (135). 

The capacity effect is greatest for large variable renewable contributions to the grid whilst the 
short-term inefficiencies would be greatest pro rata, if they occurred, for small undiversified 
contributions. Taken together, these effects represent a penalty for variable renewable sources that 
could be in the region of a few per cent of their nominal electricity generation costs up to penetrations 
of around 20 per cent, but which rise rapidly thereafter (135)(136) with figures of 25 per cent or 
higher above about 30 per cent penetration of the network in nominal capacity terms. This penalty 
can be avoided by using high availability sources like fossil fuels or nuclear power. The magnitude 
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of the penalty will depend on the renewable source, the geographical and climatic circumstances, etc. 
It is mainly economic since it is claimed to be technically feasible to use up to SO per cent of nominal 
capacity of variable renewables without significant technical problems (135). 

The importance attached to security of electricity supply is high in most, if not all, countries' 
decision frameworks. However, the means of gaining the necessary assurance and the role and value 
of technological diversity is still a matter of debate. The fact that nuclear power has some cost 
advantages in this direction over other technologies has to be balanced against the risks of 
overdependence on a source that can not yet be guaranteed unequivocally to hold no further 
technological surprises that could adversely affect its future operation. There is no means at present 
of quantifying this trade-off, the outcome of which depends very much on subjective views on the 
future reliability and public acceptability of nuclear power plants. 

Resource depletion 

Short-term fuel price stability and the effect of nuclear power on fossil-fuel prices has been 
considered in a previous section of this Chapter. The long-term effect of resource depletion on prices 
is a related matter. 

The real price of a depleting resource should in theory increase in line with prevailing real 
interest rates. However, for mineral resources like coal, oil, gas or uranium, rising real prices lead to 
an increase in the quantity of economically recoverable resources, even in the absence of new 
discoveries made as a result of the more intensive exploration stimulated by the price incentive. They 
also modify demand through their effects on fuel conservation and substitution. For these reasons 
current prices are not likely to be significantly undercompensating for future resource depletion, based 
on commercial financial criteria, even for oil and natural gas. 

However, the same may not be true in relation to social time preferences and markets may, 
through ignorance or lack of foresight, seriously misjudge the value that future society may place on 
any commodity, including fuel or chemical feedstocks. Certainly, for a resource where potential 
supply exceeds demand, producers with short-time horizons will be tempted to sell at short-run 
marginal production cost rather than long-run marginal replacement cost. The consequence will be 
overproduction and overconsumption in the short term (137). In the case of both coal and uranium 
the world resource base is so large compared with rates of consumption that this is not an important 
factor now (Table 9). The economically recoverable coal reserves amount to some 200 times current 
annual consumption (138), whilst known uranium resources alone could provide all the world's energy 
requirements for centuries using plutonium fuels in fast reactors (22)(24). Additional, as yet 
undiscovered resources, lower-grade, higher-cost resources and stocks of depleted uranium left over 
from thermal reactor fuel or weapons production, will expand the total resource base considerably (23). 
Oil and gas are much scarcer (Table 9), with resources only some SO times current consumption rates 
(138, 139), and future generations may see our use of these for immediate gratification as needlessly 
profligate. 

An additional consideration for uranium is that the quantities required to fuel nuclear plants, 
particularly fast reactors, are so small that increases in uranium price will have little or no effect on 
nuclear electricity prices in the long term anyway. They contribute about 6 per cent to current LWR 
generation costs, but a 1000 MWe fast reactor uses only 1 tonne of uranium (via the plutonium fuel 
cycle) per year with a cost that is currently much less than 1 per cent of its total electricity generation-
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Table 9. World fuel reserves/production ratios 

Fuel 

Coal (billion tonnes) 

Oil (billion tonnes) 

Gas (billion tonnes oil equivalent) 

Uranium* (thousand tonnes) 

Proven 
Reserves 

R 

1023 

124 

100 

3600 

Annual 
Production 

P 

4.7 

3.0 

1.7 

33.2 

R 
P 

218 

41 

58 

110 

Annual uranium requirements for existing thermal reactors (41000) tonnes) are 
higher than current annual production. The deficit is met from stockpiles. 
Requirements for an equivalent capacity of fast reactors would be some 60 fold lower. 

Conversion factors: 1 tonne coal is eqivalent to 0.7 tonnes oil 
0.8 million cubic metres of natural gas 
50 grammes of uranium used in thermal reactors 
05 grammes of uranium used in fast reactors 

Sources: references 137, 138, 20 

cost (140). A coal-fired plant of similar size would require some 2 million tonnes of coal which 
contributes about 50 per cent to the generation cost (7). 

One could question whether depleting fuels should be priced on a discounted or undiscounted 
long-run replacement basis (e.g. synthetic fuels from coal, oil from tar-sands, etc.), analogous to the 
case argued for the use of long-run marginal costs for power supply (141), although this begs the 
question of the extent to which this substitution cost should be discounted, and would represent a 
major deviation from existing market mechanisms where prices are determined by the supply and 
demand balance. This consideration may be particularly relevant for oil or gas-fired power plants, 
where simple financial considerations might be argued to be inappropriate as the sole criterion to apply 
to this use of a relatively limited resource. 

At an even more speculative level, it has been observed as part of the debate on sustainable 
development, that indigenous resources consumed now appear in national income statistics while the 
erosion of a nation's 'capital' base goes unremarked. Pearce et al (142,143) have suggested that this 
loss should appear in a modified form of national accounts or should be treated as a cost to set against 
any consumption benefits arising from the use of the resource. This would be a very radical change 
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in economic thinking and there is no indication that it would be practicable or that it will be accepted 
in the foreseeable future, if ever. 

Few attempts have been made to tackle this question quantitatively for uranium. One study 
(144), using a method based on that of Wagner (145), derived depletion premia for fossil fuels and 
uranium using a substitution cost for electricity based on combustion of hydrogen fuel in thermal 
generation plant, with the hydrogen itself produced electrolytically using electricity from wind 
generators. Taken together with a physical uranium ore depletion factor based on once-through 
thermal reactors using known uranium resources but with no uranium or plutonium recycle, it arrived 
at a depletion surcharge for uranium which was larger than that derived for oil or natural gas. The 
size of the premium, which would increase uranium prices by some 30 fold, was not immediately 
obvious, since the surcharges were quoted on electricity costs rather than on fuel prices, and, as 
indicated above, uranium is a minor component of nuclear electricity costs even for thermal 
reactors (7). The approach, as applied to the world's largest technically recoverable energy resource, 
lacked economic credibility (137). 

The results were equally inappropriate for coal and the other fossil fuels, since simpler and 
cheaper substitution technologies are available on both the supply and demand side. Some further 
consideration of oil and gas depletion premia might be appropriate, if a suitable economically valid 
method can be devised, but the scale of the resource base means that both coal and uranium market 
prices will be a proper measure of their true social value for many decades to come. 

Spin-off 

All advanced technologies call for new materials, techniques and skills that can find 
application in other sectors of the economy with consequent economic benefit. Nuclear power has 
been no exception and it has contributed to substantial technical progress in many fields. This use of 
products or skills developed as part of one technical programme in other spheres of economic activity 
is commonly called spin-off. 

The term may suggest that the process is wholly accidental and incidental to the main thrust 
of a technological programme. However in the case of nuclear power, whilst some technology transfer 
is fortuitous, a far larger proportion has arisen from a conscious recognition of the need for and 
benefits from the wider application of the capabilities being developed. Four main avenues of spin-off 
benefits can be recognised: 

— application of special materials; 
— application of new techniques; 
— application of intellectual capital; 
— creation of new companies or industries 

The application of intellectual capital can occur in three distinct ways: 

i) Its application by the nuclear industry to the problems of other industries 
through contractual or exchange arrangements. 

ii) Its embodied transfer to other economic sectors through the labour market. 
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iii) The catalytic or direct role of published information in innovation outside the 
industry. 

The range of spin-off benefits is so wide (146) that the topic merits separate detailed study if 
it is to be done justice, and such a study is now in progress under the aegis of the NEA (147). Most 
countries involved in nuclear development can point to past and continuing economic benefits which 
would not have been expected to arise had attention been focused on less demanding technologies. 

In brief, nuclear science and technology have contributed to substantial progress in fields as 
diverse as medicine and health (diagnosis and treatment); industrial processes and their control (new 
products, improved processes and greater manufacturing efficiency); environmental science, monitoring 
and control (detecting pollution, understanding mechanisms and effluent control); agriculture and 
fanning (efficiency and pest control); mineral exploration and extraction: etc, etc. 

Many new companies have been created to serve the nuclear industry and the wider economy 
by supplying the novel products developed as a result of nuclear research and development. 

It is possible in many instances to determine quite precisely the microeconomic benefits arising 
from improved process efficiency or the use of new materials, where these substitute directly for 
earlier techniques. Many such evaluations have been done, but they represent a very small part of the 
whole and many of the benefits are not readily susceptible to rigorous quantitative analysis. 

Thus, it is easy to see the direct savings from improved fuel-efficiency in aeroengines; reduced 
wear, corrosion and consequent maintenance in industrial plant and machinery; or efficient use of 
materials and reduced wastage from better process control (including agricultural fertilisers). It is more 
problematic when the benefits take the form of health, welfare or environmental improvements or 
where new or radically improved products are produced. 

Although the advances already made possible by nuclear power will continue to be felt for a 
long time, it has to be considered less likely that maj >r new spin-offs will arise in the future as a result 
of further deployment of state-of-the-art power plants which have essentially reached maturity. For 
this lvuson it would seem inappropriate to claim that the future worth of new fission reactors is 
enhanced relative to other power generating options by expectations of significant further spin-off. 
Benefits of past investments in nuclear development, like the sunk costs described in Chapter 4, have 
no direct relevance to future energy investment. It is also open 10 question whether some spin-offs 
would have arisen from alternative uses of the development funds. 

Socio-cultural effects 

Nuclear power has provided a focus for opposition to advanced technology, to centralisation 
of decision making and to other features of modern industrial society. As such it has contributed to 
a significant loss of social consensus and a degree of social conflict in many OECD countries and this 
has imposed extra costs on society as a whole (148). 

It may be that in the absence of nuclear power some other focus would have been found, 
nevertheless significant sums have been spent on public information, on abortive programmes that have 
been abandoned in the face of strong organised opposition, and on imtitutional and physical measures 
to provide greater reassurance to the public that their interests and safe '.y are being protected. Some 
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of these are briefly mentioned in the discussion of the decision framework in OECD countries in 
Chapter 2. 

Some involve direct costs and any which are affected by future investment plans should be 
incorporated into a resource cost analysis as outlined earlier in Chapter 3. 

The costs falling on third parties could be regarded as 'negative spin-off but, like the positive 
spin-off effects of the previous section, it is doubtful whether countries with existing nuclear 
programmes will experience significant extra costs of this nature as a result of further nuclear 
programmes. 
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Chapter 6 

Environment and Health 

Introduction 

The environmental and health implications of electricity generation ant1 use are sufficiently 
important to merit a separate section in this study. The topic has become a major focus of attention. 
It was the theme of a Senior Expert Symposium in Helsinki in May 1991 (149) and is under 
continuing detailed study in programmes coordinated by the OECD Nuclear Energy Agency and the 
International Atomic Energy Agency. 

Three important points can be made at the outset. Firstly the impacts associated with 
electricity sources are not confined to the generation stage but extend backwards into fuel extraction 
and processing and to the materials extraction, conversion, fabrication and construction stages of the 
plant itself (Figure 9). Secondly the benefits and costs associated with individual options have to be 
measured against those of the alternative options. Thirdly, these alternative options may include non-
electricity options such as conservation strategies or direct fuel combustion which have their own 
environmental and health impacts. 

Consideration of these points and examination of their implications reveals that virtually all 
energy options contribute to environmental pollution to a greater or lesser extent, including renewable 
sources (Figure 10) and many conservation measures depending on the use of materials. 

Nuclear Power 

Nuclear power in routine operation 

Nuclear power contributes to a small extent to the global emissions of acid gases and 
greenhouse gases due to the use of fossil fuels in the extraction and processing of uranium, to the 
electricity used in uranium enrichment (where this is not from nuclear or hydroelectric sources) and 
to fuels used in the production of steel and cement for reactor and fuel plant construction. These 
contributions are negligible relative to those from the direct use of fossil fuels for electricity supply, 
particularly if centrifuge processes are used for uranium enrichment (or in the future laser enrichment 
processes) and/or the enrichment plants are supplied with power from nuclear sources. 

In general the emissions associated with nuclear power are comparable in this regard to those 
associated with renewable power generation and equivalent energy conservation measures (2)(3) 
requiring the use of materials to achieve their effect (e.g. loft insulation, cavity wall insulation). 
Table 10 (ISO) shows relative carbon dioxide emissions. Other products of fossil-fuelled electricity 
generation (acid gases, hydrocarbons, etc.) would be in similar ratios. Several national studies have 
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looked in detail at the implications of substituting nuclear power or other generation technologies for 
fossil fuels, particularly coal (52)(56)(91,92)(151-157). 

Table 10. Carbon dioxide release versus technology 

Based on production or saving of S TWh/y of electrical energy 

Plant 

Generation options 

Coal-fired (1) 
PWR(2) 
PWR(3) 
PWR (self-supplied) (4) 
FBR 
Hydro-power 
Aerogenerator 
Tidal-power 

Efficiency measures (5) 

Roof insulation 
(10 ins fibre glass) 

Cavity wall insulation 
(polystyrene foam) 

Low-energy lighting 

Average Total C0 2 

release p.a 
100,000 tonnes 

59.1 
2.3 
0.4 
0.2 
0.2 
0.9 
0.5 
0.5 

0.2 

0.2 

0.2 

(1) Pulverised fuel plant 
(2) Using diffusion enrichment (USA) 
(3) Using centrifuge enrichment (Europe) 
(4) Using nuclear electricity to power enrichment plants 
(5) Emissions in product manufacturing 

Source: Reference 150. 

In routine operation nuclear reactors produce highly radioactive fission products and actinides 
in the fuel, which are fully contained within the fuel rods for the vast majority of fuel elements (158), 
as well as activation products formed by neutron irradiation of reactor components. Small quantities 
of radioactive materials are released to the environment during reactor operation and at fuel production 
and spent fuel management plants. 

These releases and direct exposures to radiation are carefully monitored and controlled to 
levels believed to cause insignificant environmental and biological damage on the basis of 
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recommendations by the independent Internationa] Commission for Radiological Protection (ICRP) as 
interpreted by national governments and agencies. Nevertheless, they result in some exposure of the 
workforce and much smaller exposure of larger numbers of the general public. This results in a very 
small risk of severe somatic effects possibly leading to premature death in both groups, together with 
the possibility of some genetic damage that might be passed to future generations. 

The ICRP publishes its assessments of the risks of premature death and genetic damage as a 
function of radiation dose on the basis of extrapolations towards low doses from the observed effects 
of radiation on populations that have, in the past, received doses sufficiently high to produce 
statistically observable effects (e.g. atom bomb survivors, radium paint workers, etc.) (159) as well as 
from observations on experimental animals (160, 161). 

Combining these risk estimates with the measurable or calculated exposures of workers and 
the public to the routine emissions of the nuclear industry (including the fuel cycle), it is possible to 
estimate the overall effect of civil nuclear operations. These exposures amount on average to less than 
0.1 per cent of the public's exposure to radiation from naturally occurring radioactivity (which arises 
from radioactive minerals in the ground and atmospheric radon) and from cosmic rays. 

The calculated incidence of premature deaths arising from routine nuclear power generation 
and the nuclear fuel cycle is smaller than that from coal and oil production and use, both in absolute 
terms and expressed per unit of electricity produced. The calculated values of radiation -- induced 
cancers and other severe health effects are too low to be detectable with any statistical significance 
against the background of the same effects due to other causes than radiation. Table 11 presents the 
results of an analysis by Pritzsche (162, 163) as accepted by the Senior Expert Seminar in Helsinki 
(149). 

This international study (149) is the most recent and confines its quantitative assessment to 
immediate and delayed fatalities arising from normal operation of power plant and its associated fuel 
services, including both conventional accidents (in mining, transport and construction) and radiation 
effects (i.e. nuclear accidents are excluded, but see next section). Paskievici (164) covered non-fatal 
disease and injuries, which exceed the fatalities by a considerable margin. In this respect also, nuclear 
power shows up favourably (Table 12), but great caution is needed in interpreting the figures, because 
there are still wide variations of view concerning the health impacts of fossil-fuel combustion, which 
will depend significantly on a range of factors which are discussed later. 

Clearly decisions on the standards of protection to be provided for the workforce and public 
take into account the risks of conventional accidents and the effects of residual exposures to radiation. 
This can be done wholly subjectively, by analogy with comparable risks in other industries or areas 
of activity, or using the principles of cost-benefit analysis. The latter approach, which has been 
favoured by the ICRP, has been adopted in some OECD countries as an aid to making difficult 
decisions on the socially justifiable levels of expenditure on human safety. There are many who find 
the explicit quantification required for this procedure objectionable, even when they recognise the 
unavoidable need to make choices in resource cr .strained situations. However, for the purposes of 
this study, it is appropriate to explore the implications of quantitative analysis, as it is practised in 
some OECD countries, in order to set the costs of accidents and health effects in some perspective in 
relation to generation costs. 

In economic cost-benefit analysis a monetary value is frequently attached to human life to 
assist in the determination of priorities for safety measures within confined budgets, or to establish the 
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level of investment in such measures that can be socially justified. There are a number of means of 
deriving such monetary values (60)065-174) and no universal agreement on the most appropriate 
valuation, which would in any case be country dependent and vary with the nature of the population 
at risk (age, sex, employment, income are possible factors) (64), and possibly with the nature and 
absolute level of the risk itself. The methods include the analysis of current public and private 
expenditures on improved safety (particularly in the field of transport and health screening), 
examination of court awards to dependents of those killed in accidents, examination of wage rates in 
industries with different levels of risk, the quantification of lost earnings and questionnaire approaches 
to establish people's willingness to pay to reduce risks of premature death. 

Table 11. Summary of fatality rates [fatalities/GW(e) year] for different energy systems 

Source 

Coal 

Oil 

Gas 

Nuclear (LWR) 

Occupational 

Immediate 

0.4-3.2 (b) 
0.16-1.7 (e) 

0.20-0.85 (g) 
0.22-1.35 (h) 

0.10-5 (g) 
0.17-1.0 (h) 

0.09-0.5 (b) 
0.07-0.4 (e) 

Delayed 

0.13-1.1 (c) 
0.02-0.15 (0 

0.13-0.37 (b) 
0.07-0.33 (e) 

Public 

Immediate (a) 

0.1-1.0 

0.001-0.1 

0.2 

0.001-0.01 

Delayed 

2.0-6.0 (d) 

2.0-6.0 (d) 

0.004-0.2 (d) 

0.005-0.2 

Note: Unless otherwise specified, the total for the conventional thermal cycles includes extraction, 
processing, transport, construction and operation of the power plant; the total for nuclear 
includes extraction, ore processing, conversion to UF6 enrichment, fabrication of fuel elements, 
transport, construction and operation of the power plant, fuel reprocessing and waste disposal. 
The risk from severe accidents is not included. 

(a) applies to transport, being the major contributor to risk; 
(b) applies to underground mining conditions; 
(c) applies to underground mining, being the major contributor to risk; 
(d) applies to power plant operation, being the major contributor to risk; 
(e) applies to surface mining conditions; 
(0 applies to surface mining, being the major contributor to risk; 
(g) applies to land extraction; 
(h) applies to offshore extraction. 
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Table 12. Non-fatal accidents and disease hazards per gigawatt-year of electrical energy (a) 

Coal 

Oil 

Natural Gas 

Nuclear 

Accidents 

Workers 

60 

30 

15 

15 

Public 

18 

? 

O.005 

0.1 

Diseases 

Workers 

3 

1 

0 

0.1 

Public 

2000 

2000 

0 

16 

Total 

2100 

2000 

15 

16 

(a) Excludes hypothetical nuclear accidents. 

Sources: Paskievici, reference 164. 

Not surprisingly, these methods can yield a wide spread of very different results both within 
and between countries. Furthermore they do not all measure the same thing. There is no reason why 
the amount that society as a whole (represented by the Government) would be prepared to pay to 
reduce the statistical risk of premature deaths, should be the same as the amount that individuals 
themselves would pay (or would expect others to pay) to reduce their personal risks. 

Nevertheless, even if high values are attached to human fife, the low, statistically postulated, 
incidence of premature death per kWh arising from nuclear power, means that the human costs would 
be dwarfed by the direct costs of power production. 

For illustrative purposes a high value of $5 million will be used which lies between those that 
have been employed in several OECD countries in decisions concerning road safety and radiological 
protection (see Annex IX), and some of the more extreme values derived in some analytical studies. 
The reader may scale the calculations to higher or lower values or dismiss them altogether, as he sees 
fit. Taking the $5 million, the costs equivalent to the statistical premature deaths from conventional 
accidents and radiation exposures projected for nuclear electricity in normal operation would be 0.1 
to 0.6 mills/kWh (from Table 11) compared with the 30 mills/kWn overall generating cost (Table 4). 
If a more typical $1 million were used (see Table A9.1 of Annex IX) the detriment costs would be 
one fifth of these values. (If any portion of the risk is compensated for in workers' wages, or through 
insurance or compensation schemes operated by the industry, then this portion would be internalised 
in the nuclear fuel and electricity price structure and would not be an externality to be added to the 
levelised cost to derive a social cost per kWh). 

On this basis it is reasonable to conclude that the social costs attached to the health 
consequences of nuclear power production during normal operation, including the nuclear fuel cycle, 
are small in relation to total generation costs and likely to be valued at no more than about 1 per cent 
of those costs. 
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Recent studies in the Federal Republic of Germany have evaluated the overall environmental 
costs of a number of generation options including nuclear power (175). They have concluded that the 
health effects resulting from normal operation amount to no more than 0.8 per cent of the total 
generation cost for nuclear power (0.02 to 0.04 pf/kWh) based on their methods and assumptions. 

It has been suggested that the nuclear industry in OECD countries already spends sums on the 
reduction of radiation exposures of the workforce and public which, if spent in other sectors of the 
economy, would yield greater numbers of avoided premature deaths or other commensurate social 
benefits. Examples of expenditures supporting this contention have been published for the United 
Kingdom (176). Modifications to the Sellafield plant liquid effluent treatment facilities in the 1980s 
corresponded to an implicit valuation of life in excess of £10 million, for example. 

The reasons for the excess expenditure are the perceived benefits to management in terms of 
workforce confidence and public acceptance. Nevertheless it is society at large that ultimately pays 
for this through higher prices for nuclear electricity. It could be regarded as a reasonable price to pay 
for increased confidence in a risk-averse public; a public that is apparently not willing 10 make 
comparable investment in other ares of safety, or which attaches a different value to hypothetical 
deaths arising from the nuclear industry's activities to that attached to real deaths from other causes. 

Some more specific concerns have arisen in some countries which can not be ignored. Thus 
it has been suggested in the literature (177) that there are some diseases, particularly childhood 
leukaemia, where observed statistical excesses of cases above natural expectation appear to have 
geographical or family links with the nuclear industry. These excesses appear to lie above the random 
clustering of cases that would be projected on the basis of accepted risks of radiation to humans. This 
observation has been used by some to argue that radiation risks have in someway been underestimated. 
The leukaemia observations are based solely on the United Kingdom and similar clustering is not 
present in the United States (178, 179), France (180) or Canada (181) in proximity to analogous 
nuclear sites, nor is it observed at all UK sites. Furthermore clusters of the same diseases are found 
at sites remote from nuclear plants (182). 

There is little doubt that the clusters are real and merit further investigation. Nevertheless 
there are currently no grounds for inferring that nuclear risks have been underestimated (183-186). 

Similar debates have arisen from time to time in connection with other observed but 
unexplained excesses of specific cancers amongst nuclear workers, or cancers or genetic disorders in 
proximity to nuclear sites: e.g. the Canadian Atomic Energy Control Board's recent report of an excess 
of Down's Syndrome babies around the Pickering plant (187). There has, however, been no consistent 
pattern between sites or over time so that explanations other than radiation exposure have to be sought. 

Another query has been raised concerning releases from nuclear fuel reprocessing plants of 
the radioactive isotope of the inert gas Krypton (Kr-85), a fission product, which, it has been claimed, 
could affect global climate and the ozone layer (188), and have biological impacts. Neither effect is 
considered to be significant (188, 189). 

If there is a problem it is a cumulative one which will grow with the growth of nuclear fuel 
reprocessing. Nevertheless methods exist by which the Krypton can be removed from the gaseous 
effluents from fuel plants so that if necessary the problem can be contained (190, 192), and speedily 
eliminated by the radioactive decay of the krypton, which has a half-life of only 10.8 years. 
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Nuclear accident risks 

Concern about nuclear power amongst the general public focuses on a perceived risk of a 
major accident resulting in the release of a significant fraction of the fission products, which are 
normally safely held within the reactor core, into the environment. Such a release would result in loss 
of life and ecological and economic damage. 

The perceptions stem partly from knowledge of the awesome consequences of atomic weapons 
explosions, despite the civil nuclear industry's assurances that nuclear power plants can not explode 
like atom bombs. The accident at Three Mile Island in the USA and other lesser incidents have 
demonstrated the ability of the shut-down and containment systems of modem reactors in OECD to 
avert potential hazards. The Chernobyl disaster in the USSR, on the other hand, did release a 
significant part of the fission products from the reactor's core. 

The public in OECD countries was assured by the nuclear industry and governments that the 
Chernobyl disaster arose from a series of design and management blunders that were precluded in 
OECD reactors by the criteria laid down for plant design, construction and operation (193). Studies 
of the effects of the Chernobyl explosion are continuing (194). 

The risks of a major core-release accident in modem water cooled reactor designs are 
estimated by systematic risk assessment analyses. These risks have to be reduced to levels considered 
acceptable by governments and the public, as advised by their regulatory agencies, before designs are 
licensed for use. If these standards are met it is reasonable to ask whether there still is a social cost 
(albeit hypothetical) that is not covered by conventional investment analysis. 

Strictly speaking the answer is yes. There is a small probability that a major accident could 
occur and a proportion of these accidents could release significant radioactivity to the environment. 
The probability varies with reactor design and circumstances but is generally regarded to be very low. 
In the UK for example the design target is that the overall probability of a core melt from all causes 
should be below one in 1 million (I0"6) per reactor per year, (195, 196). This is lower than some 
studies have suggested for existing reactors. The first major study to use realistic risk assessments was 
that by Rasmussen (197). This demonstrated that the risks from even 100 US LWRs was small 
compared with other individual or societal risks. The probability of a major cote melt down and its 
associated risks were seen as being minor in terms of acute or latent illness or property damage. The 
Rasmussen study was reviewed by Lewis (198) and EPRI (199) some years later. Both concluded that 
the methodology was sound but that it failed to attach sufficient weight to the uncertainty in the 
probability estimates. 

Subsequent studies by the Federal Ministry of Research and Technology of the Federal 
Republic of Germany (200, 201) and the US Nuclear Regulatory Commission (NUREG 1150) have 
confirmed the general conclusion that the risks from LWRs arc low. One recent study for the Dutch 
Government (202) has concluded that the probability of core melt accidents in future LWRs will be 
as low as one in 10 million to one in 100 million per year. 

Standards and safety goals have been set by many countries. In addition to the UK goals 
already mentioned (195), the US Nuclear Regulatory Commission issued a policy statement on safety 
goals for the operation of nuclear power plant in June 1986. Their qualitative safety goals were: 
'Individual members of the public should be provided a level of protection from the consequences of 
nuclear power plant operation such that individuals bear no significant additional risk to life and 
health. Societal risks to life and health from nuclear power plant operation should be comparable to 
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or less than the risks of generating electricity by viable competing technologies and should not be a 
significant addition to other societal risk/ 

Quantitative objectives were to be used in determining achievement of the above safety goals. 
These were that "The risk to an average individual in the vicinity of a nuclear power plant of prompt 
fatalities that might result from reactor accidents should not exceed one-tenth of one percent of the 
sum of prompt fatality risks resulting from other accidents to which members of the US population 
are generally exposed. The risk to the population in the area near a nuclear power plant of cancer 
fatalities that might result from nuclear power plant operation should not exceed one-tenth of 1 per 
cent of the sum of cancer fatality risks resulting from all other causes." 

The methods of probabilistic risk assessment offer the prospect of exposing the safety 
assumptions to peer review, of drawing comparisons between risks in different technologies and of 
setting rational standards. 

If major accidents were pessimistically assumed to occur with a frequency of one per 100,000 
reactor years and the consequential costs were similar to those associated by some commentators with 
Chernobyl, namely $200 billion, then the equivalent annualised cost per reactor would be $2 million. 
The annual cost of the electricity from a 1000 MWe reactor is in the region of $200 million. 
Statistically, for this arbitrary example, the financial risk associated with a low probability accident 
is about 1 per cent of the generation cost. 

This is an extreme example in both risk and cost terms, particularly for modem LWRs in 
OECD countries. The negotiated settlement for off-site costs arising from the Three Mile Island 
accident was just over $26 million (7) whilst the off-site costs for Chernobyl were officially estimated 
by the So/iet Government to be $8 billion out of a total cost of $14 billion. Ideally, given sufficient 
experience, one could look at the insurance premiums paid by reactor operators in commercial markets, 
to get some measure of economic value attached to nuclear accident risks. However, insurance against 
such risk in commercial markets might be significantly more expensive than risk analysis would 
suggest is warranted, as pointed out elsewhere (7). 

Statistically, (i.e. on a risk neutral basis) the costs associated with low-probability accidents 
are below 1 per cent and probably below 0.1 per cent of generation costs. A comparison of insurance 
rates against the statistical risks might help to give some valuation of risk aversion towards such 
accidents. For a variety of reasons, including lack of independent information and the possibility of 
a major accident bankrupting a utility or its insurers, there is no effective insurance market covering 
low-probability, high-cost nuclear accidents and governments have been prepared to give international 
guarantees for compensation in such circumstances (203, 204). These guarantees do represent a 
subsidy to the nuclear industry. In risk-neutral terms the subsidy is very small. There is no 
straightforward mechanism to evaluate the degree to which the value of the guarantees is increased 
by risk-aversion (7) but even if it were increased several times over, the subsidy wculd still represent 
a small fraction of generation costs. 

Recent German studies (175) have quoted a cost range of 0.01 to 0.07 pf (1988) per kWh for 
the statistical risk of accidents in their LWRs. This is 0.07 per cent to 0.5 per cent of generation costs. 
Different figures would be appropriate in different countries to allow for different population densities, 
different valuations of life and different reactor design criteria. This figure is much smaller than that 
presented in some other German studies (144)(205, 206) which appear to use estimates for core melt 
down probabilities and assumed accident consequences that are not appropriate for PWRs to modem 
design in OECD member countries (137)(175). 
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It can be noted that the Senior Expert Symposium on Electricity and Environment (149) 
concluded that "the human health risks from severe accidents from nuclear, oil and natural gas are of 
the same order of magnitude and two orders of magnitude smaller than those from the hydroelectric 
option" although such comparisons should be "interpreted with great caution". 

Fossil-fuelled generation 

It is no part of this study to duplicate the detailed work in progress elsewhere on the health 
and environmental consequences of fossil-fuelled power generation (149, 207). 

However, the study would not be complete without brief reference to some of the social costs 
associated with fossil-fuel combustion which are avoided if these fuels are replaced by nuclear power 
(or other non-fossil-fuelled options). In general, using modem technology, these costs should be small 
for power generation plant, with the possible exception of the effects of greenhouse gas emissions. 

The effects of fossil-fuel combustion arise from direct combustion in internal combustion 
engines, domestic fires and industrial furnaces as well as from power stations. Some forms of damage 
may well be greater per unit of fuel used in sources emitting gaseous wastes at low heights, though 
not those associated with global dispersion (like greenhouse effects). Nuclear power can displace some 
fossil fuels used in direct combustion via further penetration of electricity into the propulsion and 
heating markets directly, or through nuclear heat applications (26)(153). 

Radiation 

It is not widely appreciated that coal contains small quantities of radioactive heavy metals and 
that its combustion in power stations releases quantities of radiation to the environment that are (in 
terms of potential biological consequences) similar in magnitude to the routine releases from the 
nuclear industry (208, 209). Both are negligibly small relative to natural background. 

Natural gas production and use also release radioactive radon to the atmosphere and its 
unvented use for domestic cooking can add to the radiation doses in domestic properties. The 
additions are small relative to natural background radiation and, as in the case of nuclear power, the 
costs that might be attributed to their effects are negligibly small. 

Carcinogens 

Trace quantities of polycyclic aromatic organic compounds like « - benzpyrene are released 
from coal-fired plants. These are known carcinogens and could in theory lead to a small number of 
delayed premature deaths amongst the general population in much the same way as radiation releases. 

There is virtually no scientific information on this risk in relation to power plants, although 
estimates (208, 209) have suggested that it could be similar in magnitude to the effects of radiation 
releases from normal operation of coal or nuclear plants (including the nuclear fuel cycle). 
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Acid gases 

Acid gases are most significant for coal, oil and orimulsion fuels. Natural gas does not 
generally contribute other than through small emissions of nitrogen oxides. Most fossil-fuelled plant 
now being planned in OECD countries would be designed to reduce the emissions of sulphur dioxide 
and nitrogen oxides to "tolerable* levels, although the majority of existing plants still disperse the 
gases into the atmosphere. As in the case of nuclear plant, the costs of the controls required to meet 
existing or future emission regulations would be incorporated into the investment cost analysis. 
However, there remains a wide variation in the control standards adopted by OECD member 
countries (7), and the effects of emissions can extend beyond the geographical boundaries of the 
country owning the fossil-fired plants. In consequence standards adopted in some countries may not 
be regarded as wholly satisfactory by their neighbours. 

There will in all cases be residual emissions which will have impacts on the biosphere and on 
materials. Impacts arising from acid gas emissions have been attributed mainly to acid rain although 
the gases themselves can damage fabrics and paper and have observable health effects at sufficiently 
high ambient concentrations (60). 

The range of impacts includes foliar damage to trees and other vegetation, soil acidification 
affecting crop yields, poisoning of lakes and destruction of fish populations, consequential ecological 
damage to dependent species, physical damage to buildings and structures (metal and stonework). 
Some attempts to put a value to this damage are described in Annex IX. 

Significant damage to public health has been claimed in authoritative US studies (164)(210), 
based on empirical analysis and extrapolation similar to that used to estimate the consequences of 
radiation exposure. If these studies were to be relied on the actual social costs associated with acid 
gas emissions and their effects on public health would border on the significant, being an order of 
magnitude or more greater than those arising from the operation of nuclear plant. 

However, as in the case of radiation effects, the numbers of premature deaths involved are too 
small to be statistically detectable against natural background death rates. Furthermore both the effects 
of acid gases and radiation can be argued to be subject to thresholds at low exposures, below which 
the body's natural repair mechanisms can eliminate damage. For this reason, and because most new 
plants will have the bulk of acid gases removed from the effluent gases, it seems unlikely that future 
plants will lead to significant social costs arising from this cause. 

Figure 13 presents the most recent summary overview (149)(162, 163) of the health impacts 
of fossil fuels. Numerical data are given in Tables 11 and 12. On the same illustrative basis as the 
figures for nuclear power described on page 78, the costs associated with premature death arising from 
conventional accidents and acid gas emissions would be of the order of 1.5 to 6 mills/kWh, which is 
significant relative to levelised coal generation costs of some 40 mills/kWh (7). Use of a lower, more 
typical, life valuation of $1 million would reduce the detriment costs by a factor of five. Recent 
German studies (175) have suggested that monetary health costs for coal (at 0.18 pf/kWh or 
1.5 percent of generation costs) could be three times the highest range for nuclear power, with 
roughly equivalent costs for the other environmental consequences of acid rain. Both of the above 
figures are at the bottom end of a range proposed in an earlier German study, one to 6 pf/kWh (144), 
although broadly consistent with previous UK studies (60)(137). 

In the USA some public utilities have been examining means of incorporating environmental 
costs into their planning process (211). Cost additions have been estimated for environmental damage 
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from acid emissions from fossil-fuel burning, which differ between utilities and between a utilities' 
plant sites. Table 13 summaries the US allowances for acid gases and particulate emissions from coal-
fired plants. At around 10 mills/kWh they are a factor of ten higher than the corresponding German 
figure (175) quoted above (except for Bonneville East whose 1 mill/kWh is comparable), and 
somewhat above the costs calculated using the illustrative values adopted in this study. 

In the words of the Helsinki symposium paper (149), "although ranking of the various energy 
systems from a health risk perspective can be done, absolute values must be viewed and interpreted 
with caution, and on a relative basis, because of the variations that exist between sites and 
technologies. The relatively large areas of uncertainty associated with delayed health risks arc worth 
noting. These risks are largely determined by the health consequences of routine emissions, which 
are uncertain as reliable data do not exist, and uncertainties in the assessment of very low-level 
emissions, which may impact large groups of the population" (Figure 13). 

The wide variation in health and environmental detriment costs presented above reflects these 
uncertainties and some of the alternative views on their translation into economic terms. There are 
also differences in the assumptions concerning the extent of removal of acid gas combustion products 
from emissions. The higher values relate to the current position whereas lower values assume the use 
of control technologies. All the values are much lower than those that would be derived from one 
recent academic estimate for Greenpeace that acid rain damage in West and East Europe amounts to 
£200 billion to £600 billion per year (212). 

Figure 13. Public mortality due to electricity production 
(all steps of the fuel cycle; without severe accidents) 
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Table 13. US utility cost additions for coal plant emissions 

US mills/kWh 

Environmental 
Externality 

Air Emissions 

so. 
NO, 

Particulates 

C02 

Water discharges 

Land use impacts 

Total 

New York Public 
Service Commission 

2.50 

5.50 

0.05 

1.00 

1.00 

4.00 

14.05 

Massachusetts (a) 

20 

24 

— 

~ 

44 

Bonneville Power 
Administration (b) 

West East 

7 1 

6 

— 

— 

13 

7 

— 

— 

8 

(a) Control cost based; 
(b) Damage cost based. 

Source: OECD, reference 211 

Greenhouse gases 

Fossil-fuel combustion leads to the release of carbon dioxide and nitrous oxides, both of which 
add to the heat-trapping capabilities of the atmosphere. The principal greenhouse gas (apart from 
water vapour) is carbon dioxide which currently accounts for some 50 per cent of the global warming 
effect of the atmosphere (213) (Figure 14). It is not the most effective gas: chlorofluorocarbons 
(CFCs) and methane (natural gas) have bigger effects per molecule (Table 14) but both are present in 
much lower concentrations. Time is a factor in the effects of greenhouse gases since some, like carbon 
dioxide, have a much longer residence time in the atmosphere than others, like methane. 

A significant proportion of atmospheric carbon dioxide and methane arise from natural 
processes and from man's actions in clearing tropica] forests and agriculture (Figure 14). However 
fossil fuel use is a major contributor and it is with this that this study is concerned. 

The whole topic of global warming has been comprehensively reviewed by the working groups 
of the Intergovernmental Panel on Gimate Change (207) which have led to a general consensus that 
the phenomenon is real and does pose significant environmental threats during the next century, if 
fossil fuel use continues even at present global levels or higher. 

There is still much uncertainty about the precise size of future average temperature rises and 
even greater uncertainty about the regional variations in temperature and rainfall. This is an inevitable 
consequence of the difficulty of modelling future global atmospheric behaviour, allowing for the 
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effects of oceans and land topography as well as cloud cover on a three dimensional basis. 
Differences of view also remain over the significance of other factors that could influence 
observed global temperature changes (214,215). 

Figure 14. Schematic make-up of present global warming 
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The physical consequences of the climatic changes could include changed propensities to 
drought and flooding, sea level rises and permanent land inundation, increased frequency of storms 
and climatic extremes. These would result in physical damage to property, loss of productive land, 
changed ability to grow crops, possible consequential losses of human life through floods, storms and 
crop failures. Global ecology could also be seriously affected (213)(216). 

Some regions might benefit from more benign climates, with longer growing seasons or higher 
rainfall helping agricultural production. The adverse effects elsewhere could well be minimised 
provided they were slow enough to permit evolutionary social % hange and migration. 
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Many nations have already reviewed the potential effects for their economies and populations 
(see for example ref 217) and official and academic studies have reviewed the policy options for 
abating the emissions of greenhouse gases (see for example refs 218-220). 

In addition to the uncertainties over the scale and nature of local effects there are only the 
crudest estimates of the magnitude of their economic consequences and the costs of those counter 
measures that might need to be adopted (64). 

One economic benefit of deploying nuclear power or other non-fossil substitutes for fossil fuels 
will be the reduction in greenhouse gas emissions and their subsequent economic impacts, whatever 
these are. 

Table 14. Greenhouse gas data 

Gas 

CO, 

CH, 

N,0 

CFCs 

Atmospheric Concentration 
(ppbv) 

1800 1990 

280000 

800 

290 

0 

350000 

1700 

310 

0.8 

Rate of 
Growth 

(ppbv/year) 

1800 

15 

0.8 

0.03 

Relative Global 
Wanning Factor 

(CO, - 1) 

1 

30 

300 

15000 
-20000 

Atmospheric 
Lifetime 
(years) 

50-200 

10 

150 

70-130 

Sources: Refs 207, 216 ppbv - parts per billion by volume 

Clearly an upper bound to this economic benefit is set by the cost that would be incurred in 
the complete prevention of carbon dioxide (nitrous oxide, methane) emissions and its permanent 
subsequent containment by suitable means, or the removal of equivalent greenhouse gases from the 
atmosphere. It is an upr ~ bound because it would become the economically preferred course if the 
net costs of greenhouse detriments or countermeasures were to prove higher than removal costs. 
It is far from clear that tuinment will ever prove practicable because of the scale of the problem, 
but some methods have oeen proposed with preliminary estimates of their costs. 

Some estimates based on carbon dioxide removal from flue gases (221) suggest that these 
could double the overall cost of electricity production from coal (-40 mills/kWh), or have rather less 
percentage impact on electricity from oil and gas due to the lower carbon content of these fuels. 
Lower estimates from the Netherlands of about 16 mills/kWh for carbon dioxide removal and disposal 
in old gas wells under pressure (222) are linked to more costly power generation via coa' gasification 
(223, 224). Lower US estimates (211) (Table 13) are based on the costs of carbon dioxide removal 
via tree planting programmes. US Electric Power Research Institute studies are reported (225) to 
suggest that marine algae could offer another route to carbon dioxide removal at costs of about 5 
mills/kWh of electricity, although others argue that algae can add to global warming (226). 
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The consequential costs arising from global warming are no better defined. Some suggestions 
have put them in the region of a few per cent (2 per cent to 4 per cent) of gross global economic 
output annually (227). If this were correct then spread across current global fossil-fuel consumption 
of 10,000 million tonnes of coal equivalent p.a, they amount to around $40/tonne to $80/tonne of coal 
or about 15 to 30 mills/kWh of coal-fired electricity. Nordhaus (228,229) has been less pessimistic, 
arguing that a relatively small part of the world's economy is adversely affected by temperature rises 
and that some effects will be beneficial. He puts the effects in a range running from a benefit of 
1.75 per cent to a cost of 2.25 per cent of global GDP by 2050. It is not clear that climate variability 
and extremes that could result from global warming are incorporated in such estimates, or whether the 
transitional costs involved in adaptation are fully reflected. 

There is a considerable lag between the emission of carbon dioxide and the realisation of its 
full warming impacts, due to the thermal inertia associated with surface warming of the oceans. For 
this reason the costs associated with today's emissions will not be felt fully for several decades and 
some discounting may be appropriate to allow for this in economic analysis of policy options. (This 
is equivalent to comparing the costs of doing things now with setting a similar sum of money aside 
and using it, plus interest earned, to take action or to provide compensation in future years). 

On this simplistic basis it would appear that the discounted damage costs could well be less 
than the immediate costs of carbon dioxide removal and less than the carbon taxes suggested to be 
necessary to induce significant fossil-fuel demand reductions through the operation of market forces 
(230); although the uncertainty about the physical and economic consequences is such that they ,ould 
also be significantly higher. [A carbon tax of $1/GJ on coal or $26/tonne is equivalent to $10/tonne 
of carbon dioxide emitted and 10 mills/kWh on electricity prices. The International Energy Agency 
have suggested that taxes three times this would be needed to reduce fossil-fuel consumption 
significantly (230). It is also only about half the $10 per barrel of oil tax that has been discussed 
within the European Economic Community (231)]. 

However this is a very crude judgement which may be invalidated by further research, and the 
indications are that governments will play safe and plan to limit carbon dioxide emissions by a range 
of measures, some of which may have costs as high as those suggested above. There is ongoing 
international debate on the standards and targets for greenhouse gas emission controls, the significance 
of which differs between countries and which have very different implications for developed and 
developing countries (231). 

The introduction of carbon taxes at a modest $30/tonne of coal would increase electricity 
generation costs from this fuel, so far as utilities were concerned, by some 10 mills/kWh which would 
have a major impact on the relative attractiveness of the different generation options. It is widely 
recognised that the proceeds of such taxes would need to be re-injected into the economy to offset 
their deflationary effects and it has been argued (232), on the basis of as yet unpublished modelling 
studies, that such a course could increase employment and have little or no effect on economic 
growth (233). 

Other environmental impacts 

Both fossil and non-fossil energy plants use land in greater or lesser quantity. Their 
construction involves local disruption, and accidents lead to premature death during their construction, 
operation and, where relevant, fuel extraction. The accidents and the costs associated with them have 
been captured in the overall risk figures (Tables 11 and 12) and encompassed as a component of the 
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health cost calculations related to acid rain. The thermal plants release waste heat to the environment. 
All plants have physical structures that create visual intrusion. Large scale coal transport and handling 
can have serious local environmental consequences. 

It can be argued that land use and small scale accident costs are already covered, through the 
market, in the basic generation cost calculations. Risks to the workforce may be reflected in wages 
and those to the public through the industry's insurance to cover third patty liability. The argument 
may be questionable so far as accidents are concerned, but the numbers are small in relation to the 
quantity of electricity produced and the notional costs should be negligible. 

The waste heat effects of fossil and nuclear plants will be local, small and comparable to each 
other, provided the same means of cooling is adopted. The' do not occur for renewables other than 
biomass combustion or waste incineration. 

The intrusiveness of different options will depend on their siting. In terms of direct effect on 
the public, coal fired plants may be worst because of the large amount of fuel to be transported and 
their not infrequent location near centres of population. The economic impact would be reflected in 
depressed property prices and could be evaluated by analogy with existing plants. So far as is known 
no such studies have been done. 

Renewable sources and nuclear plants generally tend to be located further away from 
population centres than fossil-fuelled plants have been, so that their construction may create relatively 
more disruption to rural communities but lower intrusion costs, measured in terms of property value 
effects and numbers of people affected. Their remoteness may however mean greater loss of the 
intangible value attaching to the natural beauty of the region in which they are situated. 

On the basis of regional impact studies (125-128) it seems unlikely that any of these effects 
would weigh sufficiently heavily in relative cost terms to justify significant adjustments to the 
microeconomic resource costs calculations. 
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Chapter 7 

Country Specific Approaches 

Annex VIII presents a series of brief reports on the specific practices and experience of a range 
of OECD countries contributing to this study. 

It will be evident that whilst there are wide variations in the extent to which broader economic 
impacts are systematically analysed and quantified in the different countries, they all have some means 
by which the wider impacts are taken into account and incorporated into the decision making process. 
In some cases this is done through studies within or commissioned by the executive branches of 
Government, which then serve as a basis for the development of Government policies. In others the 
process is more open and formally encourages wide public debate. 

The different approaches are matched to the socio-political structure and climate within 
countries and they tend to evolve and modify as society's attitudes change. There is no single 
approach that could be regarded as right other than in its own political context. 

All countries in addition to giving importance to microeconomic factors, address energy needs 
and environmental impact in their decision processes. Security of supply and self sufficiency have 
been given greatest weight by Japan and France, whilst diversity of fuel sources has been stressed in 
the UK. Regional development has been a significant consideration in France and Spain. The 
Netherlands are currently attaching importance to the strategic value of maintaining a nuclear 
capability. 

At the present time only the United States has overtly begun attempts to incorporate quantified 
external costs (of environmental impacts) into formalised decision making by its utilities. The UK has 
declared its intention of considering this course for both environmental and other broader impacts 
(notably diversity benefits if any) for its 1994 review of its nuclear programmes. 

It is evident, however, that there is universal recognition that microeconomic considerations 
alone are not a sufficient guide for energy investment choices, and this at a time when there are 
widespread moves, both within and outside OECD countries, to liberalise the energy supply industries 
and to introduce competition as a means to improving economic efficiency. Pursuit of the latter 
objective provides a major incentive to Governments to find means of quantifying and, where possible, 
internalising external costs, to ensure that energy supply develops along lines that do not reduce 
overall social welfare. 
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Chapter 8 

Discussion 

The standard levelised cost analysis 

The tnicroeconomic levelised cost analyses of nuclear and fossil-fuelled electricity generation, 
and the related system analysis of the overall costs of operating a power network, are commonly 
regarded as providing sound economic guidance on power station choice. However, the analyses are 
usually conducted from the perspective of the electricity utility and as such there are broader economic 
impacts that may impose additional benefits or costs on other sectors of the economy. Some of these 
occur within the boundaries of the country making the investment, some fall outside these boundaries. 

The prime objective of the present study was to identify these benefits and costs as 
comprehensively as possible and to review the means being adopted in OECD countries to quantify 
them and to incorporate them into the overall decision process. 

A re-examination of the costs incorporated into the standard levelised cost analysis, showed 
that, on the definitions adopted in the studies conducted by the Nuclear Energy Agency, all relevant 
direct monetary costs appropriate to incremental investment in nuclear power were beinr; captured with 
two possible exceptions. These were infrastructural costs incurred by central government and 
insurance against the remote possibility of large accidents. The former costs include such activities 
as the provision of central agencies and inspectorates for monitoring nuclear safety, materials security 
and some central research and development. The latter relate to the role taken by Government in 
underwriting the third party liability for hypothesised accidents in which the damage exceeded some 
nationally specified figure which the generator is expected to cover. 

For countries with large power networks and an established nuclear industry the incremental 
infrastructure costs associated with additional plants will be small and failure of the generators to 
incorporate them (unless their costs are in some way recovered from the industry) will introduce no 
significant 'error*. The biggest cost is probably R&D but much of this is either sunk or related to 
future plant designs and is not influenced by the investment decisions being made by the utility. 

The situation could be quite different for a country newly entering the nuclear field, 
particularly if it has a small power network. The central infrastructure costs could then be a significant 
consideration and, if incorporated, might influence the microeconomic analysis. 

The question of insurance is complex. From the standpoint of the design criteria for modem 
nuclear plant the statistical risk associated with extreme accidents is very small and, in consequence, 
the financial risks are small relative to the overall costs of power generation. For a variety of reasons 
there is no effective insurance market covering low-probability, high-cost nuclear accidents, and 
governments have given international guarantees for compensation in such circumstances. These 
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guarantees represent a subsidy to the nuclear industry that in risk-neutral terms is very small relative 
to the direct costs. 

Broader economic impacts 

There are, however, further effects arising from the choice of generation technology for 
investment which are not captured in the conventional analysis. Some ten categories of broader 
economic impact arising from the deployment of nuclear power plants have been identified in this 
study. Some are gains, some are costs and some are avoided costs associated with use of other energy 
options. Most of these impacts have been cited in aid of arguments for or against investment in 
nuclear plants at some time or other, and many have been advanced as arguments favouring the 
specific energy investment policies adopted by governments. Individually the arguments often sound 
plausible and convincing because they relate to specific public or policy concerns of the day. Security 
of supply, employment, balance of trade, environment are examples. 

Means of taking these factors into account have differed between countries and over time but 
they have often been dealt with qualitatively and judgementally through political processes, some of 
which have been given form through the creation of special institutional arrangements. 

The broader impacts on the overall economy, viz, employment, balance of payments and 
secondary or induced economic activity arising from investment in nuclear plants, interact with each 
other and with other economic activity. They can not be examined in isolation but have to be 
compared with the effects of alternative investments. Some models have been developed which can 
be used for this purpose but great care is needed in interpreting the results. 

The reasons for caution are multiple. The output is highly dependent on the assumptions and 
relationships fed into the model. These could be materially affected by technical change and by 
dynamic interaction with any other economies with which a country trades. 

Clearly where a country or utility is considering a single incremental investment in power plant 
the impact is marginal to the overall economy and its effects would be statistically undetectable over 
time. Where, however, a whole scries of plants is built, the effects, though still not large in relation 
to the whole economy, could be significant; particularly through their consequences for electricity 
intensive manufacturing industry. Studies conducted using macroeconomic models and input-output 
analysis have suggested that industrialised economies pursuing a cheaper nuclear programme, rather 
than a dearer fossil-fuelled programme, could ultimately benefit to the extent of a percent or so on 
gross domestic product, and achieve higher overall employment levels. It must be stressed, however, 
that this is on the basis of the microeconomic cost differences between the nuclear and fossil-fuelled 
options that those conducting the studies anticipate. It is also dependent on the individual economy 
and the adoption of a sizeable tranche of nuclear power. 

Such conclusions are based on small differences between large numbers which are well within 
the range of annual growth of most economies. The effects would appear very different were the basic 
economic ground rules changed or if studies were conducted for countries with access to cheap fossil 
fuels or those where nuclear power was considered to be clearer than the alternative generation 
options. 

In those few countries that have undertaken macroeconomic analyses of the consequences of 
different power generation strategics, the small gains to the overall economy appear somewhat greater 
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than the simple microeconomic savings expected from the pursuit of programmes based on the least 
cost option. The consequences could be different if the least overall cost option were dependent on 
expensive imported fuels, but the published studies have not examined this case. 

In the circumstances it seems reasonable to take the levelised cost gains as a lower measure 
of the overall gain. In general, it seenis likely that the minimisation of the overall resource costs of 
electricity generation, taking account of projected real movements of input costs over the life of the 
plants, will remain the most economically beneficial strategy for the long term. There may be 
occasions where economic or social adjustment costs are high, or where other special constraints apply 
(e.g. persistent under-utilisation of national resources). In such cases a gradual approach to the least 
cost route of power generation might have advantages compared with a rapid transition. However, 
indefinite subsidisation of a high cost option would not appear to be a good long-term strategy. 

The availability and deployment of nuclear power on a global scale has significantly reduced 
demands for fossil fuels and contributed to the general reduction in their prices during the 1980s. A 
major switch away from nuclear power would have the opposite effect. It could lead to a short- to 
medium-term escalation in fossil-fuel prices, similar in tiagnitude to those observed following the oil 
shocks of 1973-74 and 1979-80. The macroeconomic effects of high fuel prices were detrimental to 
most industrial nations and non-oil producing developing countries, leading to inflation, reduced 
economic growth rates and higher unemployment. Clearly the magnitude and consequences of any 
switch from nuclear power would depend on the scale of the switch, the alternative generation options 
adopted and the pace of change. 

Other external in. pacts 

There are other factors that could have economic effects that are not commonly incorporated 
in macroeconomic models. These include security of fuel supply, resource depletion costs and 
environmental impacts. 

Our examination of existing studies leads us to conclude that the resource depletion argument 
has no relevance for nuclear or coal fired plant in the foreseeable future, although it might become 
significant for gas or oil fired plant post 2000, since the reserves of these fossil fuels are relatively 
small. Security of fuel supply against internal or external disruption is extremely important in modem 
industrial economies and nuclear power (and renewables) have some value in this regard. However, 
when weighed against alternative strategies to protect against such eventualities, it is not obvious that 
the value to be attached to this attribute is more than a few percent of the nuclear generation cost, 
depending on the principal fuels used and the degree of security sought. At the present time it would 
be hard to argue that this was not within the uncertainty band of nuclear generation costs themselves, 
particularly with the variable international experience of plant construction, cost escalation and plant 
availability. 

Environmental and health impacts constitute a separate category. We consider that routine 
emissions from nuclear power plants and their fuel cycle are already controlled to levels at which their 
residual impacts on the workforce and public are minor, and, in economic terms, negligible (at worst 
~1 percent) compared with the direct financial costs of power generation. The statistical costs 
associated with the remote risks of large nuclear accidents are also considered to be below 1 per cent 
of generation costs for modem plants operating in OECD countries. 
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Likewise with efficient flue gas desulphurisation and de-nitrification technologies, modem coal 
plants should do little overall damage to health, property or the environment from the emission of acid 
gases and other trace products. Whilst almost certainly significantly larger than the residual costs 
associated with routine emissions from nuclear plants, the costs are highly uncertain and could lie in 
the range of 1 per cent to over 10 per cent of the overall costs of coal fired electricity. The cost is 
highly dependent on the level of environmental controls applied, the quality of the fuel, the location 
of the plant and the precise economic assumptions in&de. For both nuclear and fossil fuels these 
external costs have been (or are being for coal) internalised through the processes of regulation and 
control. 

The greenhouse gases which are an inevitable consequence of fossil-fuel combustion are in 
a different category and are at present released in an uncontrolled manner. Based on some current 
suggestions these 'costs' may be converted into market price effects by means of carbon taxes based 
on technical goals and scientific judgement Such measures would be as likely to over-compensate 
for the possible consequences as to undercompensate for them. 

The problem with evaluating the external costs of greenhouse gas emissions arises from the 
uncertain effects that these gases will have on global climate, the regional consequences of these 
effects and the values to be attached to such consequences, whether detrimental or beneficial. The 
very preliminary and speculative costs appearing in the literature suggest diat the net damage costs 
might be in the region of SO per cent of coal fired generation costs, though with very wide margins 
of uncertainty. Carbon dioxide removal and immobilisation costs are also subject to wide uncertainty 
with published figures ranging from around 10 per cent to 100 per cent of generation costs depending 
on the as yet unproved techniques adopted. 

Carbon taxes claimed to be necessary to materially reduce fossil-fuel consumption could 
increase coal-fired generation costs by from 50 per cent to 100 per cent or more, depending on the 
reductions sought. If introduced, the revenues from such taxes would need to be re-injected into the 
economy to avoid impeding economic growth. 

Of the broader impacts not normally encompassed by investment appraisal we have therefore 
concluded that there is no reason to suppose that any of them, with the notable exception of carbon 
dioxide effects, would yield significant costs or benefits to future nuclear investment, over and above 
those reflected in the resource cost analysis. Significant here is taken to be a few percent of the 
resource cost, which is well within the likely uncertainty surrounding the projected costs of generation. 
This does presuppose that all future fossil-fired plants will have their acid gas emissions strictly 
controlled. 

If these conclusions are correct, and there is sufficient uncertainty in the quantitative 
methodologies to justify the caution, then, with the possible exception of greenhouse gas avoidance, 
the broader economic impacts which can be attributed to nuclear power would not seem to be of 
sufficient magnitude either positively or negatively, to justify deviating from straightforward economic 
optimisation of electricity supply based on levelised resource cost analysis. 

The one noted exception could be important and could become significant either politically, 
through the establishment of targets for C02 reduction and the ensuing strategies for power supply, 
or through the imposition of taxes, which would act via generation costs through the market. Moves 
in these directions are currently under active discussion in international fora. 
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Relationship between macroeconomic impacts and other external effects 

For countries where nuclear power is considered the cheapest option for baseload power on 
microeconomic grounds, the other external effects identified in this study are almost wholly favourable 
to its adoption in preference to coal-fired or other fossil-fuelled plants. The external costs associated 
with modem nuclear power plants in OECD countries are believed to be small. Decisions on the 
adoption of the least cost alternative will therefore be compatible with maximising both 
macroeconomic gains and social welfare. The same would be true for most renewable sources where 
they are competitive on cost grounds. In these circumstances the uncertainties surrounding both the 
macroeconomic effects and the external costs and benefits are not of practical importance in the 
decision process. 

However, in circumstances where the more environmentally benign source is dearer in 
microeconomic terms, both the macroeconomic implications of choosing the dearer option and the 
other external benefits arising from the choice (or conversely of choosing the cheaper option and 
incurring external costs) become important. At the present state of knowledge economic analysis 
would not provide much clarification for Government policy makers on this trade-off. 

Can the uncertainties be reduced? 

There are many groups within Government, Government Agencies, International Agencies, 
Academic Institutions and other bodies, working on macroeconomic models and on evaluating 
externalities; particularly in the field of environmental impacts. 

Despite the inevitable uncertainties, we believe that this study has confirmed that only the 
greenhouse gas consequences and macroeconomic implications of power generation choices are likely 
to be of significance in quantitative optimisation of such choices in economic welfare terms. This is 
provided strict emission controls for the acid gases produced by fossil-fired plants are adopted. The 
macroeconomic effects will differ considerably from country to country depending on their 
circumstances and the scale of the contribution of different supply options. Unfortunately it is difficult 
to be optimistic about the prospects of achieving much greater refinement and precision in evaluating 
either of these aspects for a long time to come, for the following reasons. 

Macroeconomic models are country specific and very dependent on input assumptions and on 
the internal relationships between parameters. The problems of predicting economic growth rates, fuel 
prices and overall energy demand have been abundantly demonstrated over the past two decades. 
They and the costs of individual generation technologies are sensitive to political and social pressures 
and expectations can change radically over relatively short periods. The anticipation of changes in 
social and political attitudes is exceedingly difficult (234). The output of modelling studies will also 
vary over time as technologies develop and as expectations concerning the economy, energy demand 
and fuel prices evolve. 

Macroeconomic models can be made more complex, build in more fine detail, etc., but it is 
not considered likely that they will be able to improve markedly on their long-term reliability and 
accuracy. This is a critical feature when dealing with policy choices that produce effects lasting for 
40 years or more. 

The numerous large scale models being developed and used to explore the implicatioas of 
increasing greenhouse gas concentrations on global climate are still limited in the range of phenomena 
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they encompass. They also differ widely in their predictions of regional impacts. Progress will be 
made but is not expected to be rapid. The downstream activity of evaluating the consequences of 
increased temperatures, changed sea levels, changed rainfall patterns is necessarily even more 
tentative — and its economic interpretation allowing for social adaptation yet more remote. There 
seems little likelihood that the associated detriment costs can be estimated with any real confidence 
in the current century. 

This is not to say that work should not continue actively on both economic model development 
and the analysis of the greenhouse effects and its consequences. The latter in particular will continue 
to be of great importance, unless unforeseen developments show conclusively that natural mechanisms 
exist that maintain the global climatic balance. However, politicians can not look to economists for 
unequivocal guidance on the optimal energy strategies if the microeconomic and environmental criteria 
are opposed. 

Institutional structures 

Even if methods existed which allowed more precise evaluation of the significant broader 
economic impacts of nuclear power, there would be a need for institutional structures that facilitated 
debate on the methods and their underlying assumptions. Models frequently unintentionally embody 
and hide the subjective judgements and value stand? -ds of their originators. 

As it is, such methods do not exist and economic studies can only help inform what must 
remain largely subjective decisions in the field of energy and environmental policy. The guidance, 
for the OECD countries where nuclear power is demonstrably cost-effective, is clear. For the 
remainder guidance is limited. 

The nuclear industry in OECD countries already appears to have internalised virtually all of 
its potential external costs under the current regulatory and political framework, and it would appear 
that the greatest future attention should focus on the external costs of fossil-fuel combustion and their 
reduction to acceptable levels. The few costs that remain 'external' to the conventional microeconomic 
analysis of nuclear power appear to be minor and well within the general range of cost uncertainty for 
all countries with established nuclear programmes. 
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Annex II 

Levelised Costs 

For a new power plant: 

Let c, be the capital expenditure, f, the expenditure on fuel and m, the expenditure on operations and 
maintenance in year t, all in constant money terms. 

Let e, be the net output of electricity in year t. 

Let the required rate of return on capital be r% p.a. and the useful plant life L years. 

Then present worth of lifetime costs 

oo 

- E (c, + ft + nOd+r)4 

Present worth income 
t-L 

- I Pe, (1+r)" 

Where P is the constant price per unit of electricity sent out. 

For present worth income to equal present worth costs 

oo 

P- I (c, + f, + m / / Ee.U+r)-
l"0 t"0 

P is then the levelised cost of electricity from the plant. 

Between them c„ f, and m, capture all expenditi'Te including decommissioning, spent fuel management 
and waste disposal, some of which occur at t>L. 

Note: The choice of base date t-0 does not affect P in this simple example. To cover all costs t can 
assume negative values. 
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Annex III 

Methods of Comparing Environmental Impacts (54) 

At present, there are three main methods of making comparisons of environmental impacts: 

Ranked environmental assessments: Use of ranking assessment procedures is well developed 
in environmental impact assessment work generally. In relation to assessments of the environmental 
impacts of electricity generation systems, the fuel cycle is broken down into its components; the fuel 
is specified; the mining (or drilling) activity, mode(s) of transport, effluents, other impacting activities 
(to air, water and land), and their effects, are distinguished. Impacts are ranked and displayed in such 
a way 21 to attempt to display the major impacts that need attention. 

Emission values and ambient quality indices: One method of initiating assessment of the 
environmental impacts of fuel cycles in v.hich particular technologies are employed in the generation 
of electricity is to produce emission and effluent values, normalised per unit of electricity generated. 
Attempts have also been made to utilise various emission values of characterise environments in terms 
of various environmental factors so that the overall quality indices can be obtained. This method 
could be developed to incorporate other environmental features. 

Critical loads and critical levels: The critical load and critical level concept has been applied 
to ecosystems in an attempt to set limits to environmental impacts above which damage would occur. 
If information is available on how far these loads are exceeded, then this can be taken as a quantitative 
measure of the impact on the ecosystem. The critical load concept applied to ecosystems assumes a 
threshold response in terms of the onset of harmful effects. Below the threshold, it is postulated that 
deleterious effects will not occur and only when the critical load is exceeded will these begin to take 
effect. Critical loads for certain elements or substances, essential for growth, will have to take account 
of limitation in supply; the critical load of a pollutant is. therefore, site specific. Estimates of critical 
loads can be obtained from empirical relationships, historical dose-response data, budget studies or 
process models of the ecosystem. Their use is well developed in acid deposition abatement work. 

112 



Annex IV 

Macroeconomic Models 

Introduction 

Most utilities employ mathematical models in their systems planning and optimisation. The 
models employed are not generally macroeconomic, in the true sense, since they take energy demand, 
based on general economic forecasts, as their starting point and examine implications of alternative 
supply strategies in terms of overall costs, and in some instances, in terms of the environmental 
consequences that would follow specific choices. 

Models of this sort do not strictly belong under the classification of macroeconomic models, 
nevertheless they do have relevance in terms of the identification of those broad economic impacts 
associated with the choice of specific energy supply options, such as nuclear power or renewables, and 
impacts that arise from their environmental consequences. 

A listing of some models of this type is included in Table A4.1, taken from the work of A. 
Markandya (61). Models such as WASP and SPSEK are solely concerned with economic 
optimisation, although additional models can be run in series with them to identify the impacts of 
selected energy strategies on the environment. Other models such as ARGUS, EFOM, MARKAL, 
MESSAGE, WAGP, and EGEAS are integrated energy environment models in which environmental 
constraints figure explicitly. 

True macroeconomic models incorporate both the supply and demand sides of the energy 
equation and relate energy demand to the overall economy and the development of the overall 
economy to energy supply and prices. 

Markandya (71) has tabulated a number of integrated energy models which do incorporate both 
demand and supply side effects. This listing is presented in Table A4.2. The listed models are again 
those devised specifically for power system planning and are concerned with the minimisation of the 
costs of providing a specific overall energy supply, subject to technological, physical, financial and 
environmental constraints. Such constraints can include trie rates at which power plants of specific 
types can be built, the availability of specific fuels, or limits on specific emissions, such carbon 
dioxide, imposed for environmental policy reasons. The models do not incorporate any assessment 
of the costs of environmental or other impacts and, as such, are designed to find the most cost 
effective route to provision of a given energy supply whilst meeting the imposed constraints. 

The following sections provide brief description of models being deployed or developed in 
selected OECD countries. They give an indication of the structure of such models and the nature of 
the required inputs and the outputs obtained. The results of applying such models are discussed in 
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other sections of this report. Further descriptions of models appear in A'jiex VIII in the United 
Kingdom and Finnish contributions. 

Canada: Energy, mines and resources'-integrated electricity supply and demand system (235) 

Overview 

The forecasting framework adopted by the Canadian Department of Energy, Mines and 
Resources (EMR) relates energy demand to demographic and economic factors via econometric models 
and electricity generation to financial factors and regional infrastructure considerations by way of 
process or end-use models. 

This system consists of two models: 

1. InterFuel Substitution and Demand model (IFSD); 
2. Utilities Generation Expansion model (UGENEX). 

These models are simulated iteratively to provide a regional forecast of energy demand by fuel 
(i.e. electricity), prices, capacity expansion, and generation mix (fuel used). 

Figure A4.1 depicts the relationship between the two models. 

A model has been recently added to this system that calculates the greenhouse and other gas 
emissions for different demand and supply scenarios. 

The IFSD model forecasts the regional electricity demand for the entire period under 
consideration. These demands are used by the UGENEX model, which determines how to meet these 
demands by calculating the required generation expansion plan, the capital expenditure profile, and 
the generation mix (and hence fuel requirements). It also allocates some (interruptible) exports and 
inter-regional transfers1. These results, in turn, are inputs to IFSD to calculate generation costs (and 
hence electricity prices) and electricity demands. This process continues until convergence criteria are 
met. 

The inter fuel substitution and demand (IFSD) model 

EMR's Inter Fuel Substitution and Demand (IFSD) model uses chiefly an econometric 
approach that relates aggregate energy consumption on the basis of historical relationships to a variety 
of variables that influence energy consumption. 

It should be noted, however, that the model results are sometimes modified to incorporate 
specific technological improvements not captured by the model. In other words, assumed consumer 
responses to technological changes are superimposed on historical behaviourial responses. Also, for 
some sectors the forecast is not entirely based on historical evidence. For instance, in the case of 
gasoline demand, it recognises changes in the structure of the automobile market. 

Firm export and inter-provincial trade arc exogenous. 
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The IFSD model was developed to project annual energy demand by fuel type and by sector 
in various regions of Canada (see Table A4.3) under alternative economic growth, energy prices, and 
other assumptions. The end use sectors in this model are: residential (including agriculture), 
commercial (including public administration), industrial, transportation and non-energy. 

Energy demand in the transportation and non-energy sectors are modelled using end-use 
approaches. The analyses of there demands is not covered in this paper. 

Total useful energy demand in these sectors is measured in terms of output joules (tertiary 
demand)2. Tertiary demand is obtained by multiplying input energy by the efficiency of the 
conversion process. 

The general specification of the total demand equation is: 

Ln(TD) = a+b Ln(TD(-l)) 
+cLn(DD)-bLn(DD(-l)) 
+d Ln(PE/DEF) 
+e Ln(Y) 

Where TD is total tertiary demand 
DD is normalised heating degree days 
PE is divisia energy price index 
DEF is price deflator relevant to each sector 
Y is a vector of economic variables 
a, b, c, d, e, are coefficients. 

The tertiary demand is forecast for each sector on the basis of past demand, heating degree 
days, and energy price index, and a number of economic and demographic variables3. In the 
residential sector, the economic variables included are the number of households and personal 
disposable income per household. In the commercial sector, commercial real domestic product is the 
economic variable used. In the industrial sector the economic variables are industrial gross domestic 
product and capital stock. It should be noted that in addition to the price induced conservation 
calculated by the IFSD model, further efficiency improvements were assumed for the industrial sector 
to reflect recent information on technologies and processes in the pulp and paper, cement and 
aluminum industries. For instance, new cement plants using dry processes as compared to wet 
processes consume 20 per cent less energy. 

Once tertiary demand has been calculated, energy consumption in each sector is desegregated 
into three major fuel types - natural gas, electricity, and oil products (light fuel oil and kerosene in the 
residential sector, and heavy fuel oil in the commercial and industrial sectors). This desegregation is 
done through market share equations which include as explanatory variables the relative price of 

2 An output joule is the amount of energy actually produced from a given conversion process, 
i.e. 1 BTU is equal to approximately 1055 joules. 

3 This describes most of the estimation of sectoral demand. In the residential sector, the 
demand for farm diesel and motor gasoline is estimated separately. In the commercial sector, 
the same applies to the demand for sircct lighting and commercial aviation fuels. 
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Market shares are determined by means of semi-log equations of the general form: 

Mf^+Zb, LnOVPjHc. Ln(X)+e M^-l) j 
+dj (DD-e DEK-1)) 

3 
Mw .=MM i 

i=l 

Where 

M; is market share of fuel i=l, 2, 3 
M„, is market share of minor fuels (5-20) per cent of the total, depending on the sector) 
Pi is price of fuel i 
x is non-price variables 
a,, by, cu, dit and e are coefficients. 
This specification satisfies the following constraints: 

Engel Aggregation e+Xa,=l, 
i 

i.e for any given level of independent variables the sum of the market shares must equal 1. 

Symmetry Conditions b|j=bji 
forj=H, 

i.e the effect of a change in ps on Mj( is equal to the effect of a change in Pj on M,. 

Cournot aggregation Ib1J=Ibil=Ich=0, i+j 
i i i 

i.e for any change in the level of independent variables the sum of changes in market shares 
must equal zero. 

Once the market shares have been calculated, total tertiary demand in each sector is multiplied 
by the market shares to obtiin an estimate of individual fuel demand. These tertiary fuel demands are 
then divided by their end use efficiencies to obtain a projection of the fuels actually purchased. 
Figure A4.2 is a schematic presentation of the IFSD algorithm. 

Utility generation expansion (UGENEX) model 

Working interactively with the IFSD model, UGENEX determines, on a provincial basis, how 
a given demand for electricity will be supplied and what fuels will be used to generate the electricity. 
This model consists of routines to determine: the generation expansion plant; the capital expenditures 
profile; the generation mix (and hence fuel requirement). It also allocates some exports and inter
regional transfers. Some of the routines are summarised below. 
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Utility generation expansion (UGENEX) model 

Working interactively with the IFSD nodel, UGENEX determines, on a provincial basis, how 
a given demand for electricity will be supplied and what fuels will be used to generate the electricity. 
This model consists of routines to determine: the generation expansion plant; the capital expenditures 
profile; the generation mix (and hence fuel requirement). It also allocates some exports and inter
regional transfers. Some of the routines are summarised below. 

Addition on new units 

The expansion plan routines run on the basis of existing generating capacity. The user 
determines a set of plans for new generation capacity and a set of rules for the addition of new units. 

UGENEX starts by adding all committed units to the existing generating facilities (see 
Figure A4.3). Committed units are those electricity generating facilities that are due to commissioned 
in a particular year. The installation of those units (announced and committed by the utilities) does 
not depend on demand projections. 

If the demand cannot be met by the existing capacity (including committed units), the model 
will add a sequential unit Sequential units are those electricity generating plants where installation 
depends on demand and whose installation order is specified by the user. 

There are also some other generating facilities (floating) available to the model. Floating units 
are units which have no constraints on timing and whose installation order is not specified by the user. 
Once the committed and sequential units are exhausted and demand cannot be met by the existing 
facilities, the model, based on prespecified rules, will add floating units. 

The addition of new generating units should satisfy the following condition: 

Installed capacity = Peak demand + Reserve margin, Where reserve margin is the greater 
of: The capacity of the largest unit(s) and A percentage of peak 
demand (user specified) 

Energy allocation 

This routine takes a given demand and a given capacity and allocates the generation according 
to a series of rules. The rules generally, although implicitly, reflect the respective generation costs of 
various types of units. 

The model first calculates the electricity that should be generated by the utilities. This 
generation is equal to total provincial demand (from IFSD) plus firm exports (exogenous) minus firm 
imports (exogenous) and production of independent producers (exogenous). 

Next the model calculates the residual energy to be produced by coal, oil, and natural gas. 
The residual energy is equal to the utilities' production minus nuclear and hydro production. The 
generation from coal, oil and natural gas is proportional to their installed capacities. The user can 
determine the generation from these fuels. Based on electricity generation by different fuel, the model 
calculates the quantity of each fuel required (see Figure A4.4). 
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Electricity price 

UGENEX calculates fuel and capital requirements associated with a given electricity demand. 
These are inputted to IFSD (see Figure A4.5). The price of electricity for a given demand in each 
region is calculated within the IFSD model using the projected costs of various projects, interest costs 
during construction, operating costs (which include the projected price of fossil fuels), export revenues, 
inter-regional electricity transfers, etc. Used interactively, the IFSD (demand) and UGENEX (supply) 
models determine electricity prices for each region. It should be noted that the electricity generation 
projections also include announced plans and programmes such as demand side management of the 
provincial utilities. 

The forecasting process 

As with any model, an initial forecast generated by this system requires further refinements 
(or fine-tuning as referred to by modellers) because it cannot forecast technological improvements or 
other changes, other than those based on historical trends. Energy, Mines and Resources usually 
makes a number of changes to the initial model forecast following consultations with industry experts, 
provincial governments and utilities, organisations and other Federal Departments. 

France - The melody model (155) 

MELODY is a model employed in France to assist in energy planning and policy formulation. 
The main specifications of MELODY are shown in Figure A4.6; and a simplified description of the 
model is given in Figure A4.7. 

MELODY is a long-term model, because the lifetime of equipment for producing or using 
energy, and the lead times for their implementation, are lengthy. For a nuclear power plant, for 
example, the construction lead time is about 10 years and the operating lifetime is more than 30 years. 

MELODY gives a complete description of the French economy but the methodology used can 
be adapted to other countries. Models have been built for Algeria, Morocco, Jordan and Tunisia for 
example. It should be noted that building a model adapted to measure energy/economy interaction 
needs a complete description of, first, the major role that prices play in the economy and, secondly, 
of the structure of the production and the consumption of energy. 

The model includes three producing sectors (electricity, fossil fuels and non-energy products) 
but for the purpose of energy studies, especially in the electricity field, the fossil fuel sector has been 
highly desegregated. Hence, inputs of solid fuels, crude oil, petroleum products and the whole nuclear 
fuel cycle (uranium extraction, enrichment, fuel fabrication and reprocessing) are described separately. 

In Figure A4.7, this level of disagregation docs not appear since all the equations of the model 
describing the technologies of these sectors arc included in the 'SUPPLY' box. 

For the non-energy products sector, output prices and demand factor prices are computed as 
functions of relative prices of inputs: capital, labour, energy and non-energy intermediate consumption, 
and substitutions between energy and non-energy inputs arc analysed. It is an important feature of 
MELODY which allows the assessment of macroeconomic impacts of the French nuclear programme 
induced by the changes in electricity generating cost and the associated price variations. 
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For the energy sectors, the production is described in the model in a somewhat different way, 
as shown in Figure A4.8. The production of electricity is described from a technical point of view. 
The management of the generating capacity is performed by pooling the different power plant under 
the load duration curve, itself fitted on the basis of the sectorial demand of electricity. Moreover, the 
model computes the quantities of inputs needed to produce electricity (labour, materials, fuels) and 
builds the whole account of the French utility (Electricite de France. EDP, including funding and debt 
services. This result then allows the evaluation of an adequate average selling price of electricity. 

For the other energy sectors, the technology is described through exogenous input-output 
coefficients. 

The box 'USER PRICES' of Figure A4.7 includes econometric equations for computing the 
final user pr ces (household consumption prices, government consumption prices and export prices), 
the price of investment and the price of labour. The price of output and the foreign price index are 
used as leading prices in these equations, where user prices are mainly increased by the indirect tax 
rates. Hence, the model allows one to measure the macrocconomic impacts of a new taxation policy 
corresponding, for example, to a new energy pricing policy. 

The box 'FINAL DEMAND' of Figure A4.7 includes mainly econometric equations of 
household behaviour and investment. The link between the 'FINAL DEMAND' and the 'SUPPLY' 
boxes comes mainly from the total household income, which is, together with the relative prices of 
goods, an independent variable in the final household consumption equations. Indeed, the main 
component of household income is wages, depending on labour demand by the producers. Finally, 
the relative price of capital plays a major role in investment decisions. 

Figure A4.8 shows another important specification of the model. Econometric equations for 
exports and imports allow one to take into account the role of external trade in the economy. Imports 
and exports depend mainly on a competitiveness index which is built up from domestic prices, foreign 
prices and exchange rate evolution. A foreign demand index is also used as an independent variable 
in the export equation. Hence, the competitiveness between domestic and imported energy is not 
ignored by the model. 

As shown in Figure A4.8, the model includes two main parts, a price loop and an income loop. 
The price loop is described in Figure A4.9. Tax rates and foreign prices are exogenous. For a given 
level of input prices, capital, labour and intermediate consumption prices, the output price level results 
from the producer decisions. This price in turn plays a role in the evolution of the prices of the factors 
and again in the output price growth. Then, the rate of inflation in the economy is directly linked to 
the evolution of the purchasing power of wages. This loop shows how, for instance, and energy price 
increase can play an important role in ihc economy. It modifies the production costs and consequently 
the production structure. The final uses of each product are also affected through the output price 
change. 

The income loop corresponds to the Keynesian multiplier and is described in Figure A4.10. 
If investment increases in the energy sector, it induces an increasing requirement for goods, that is, 
of production. Additional investments and labour are then necessary to meet the requirements. The 
increment of labour induces an increase in the household income. The additional income is partly 
saved and partly consumed, inducing an additional growth of the final demand. Since this process is 
iterative, the supply of goods must increase again, leading to a new final demand, and so on. The 
Kcyncsian loop plays an important role in the present analysis because investments in the energy 
sector arc higher when electricity is generated by nuclear power plants rather than by coal fired plants. 
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The price loop and the income loop are, of course, running together in the model. The 
primary link between these loops is made by die equations determining the household consumption 
where the income, but also the prices, are dependent variables. In addition, it should be noted that 
die long-term evolution of die endogenous variables depends mainly on the structure of prices. The 
income loop determines only die short and medium term evolutions. This is characteristic of long-
term models, where prices are leading variables. 

The model also allows die computation of polluting emissions such as nitrogen oxides, sulphur 
dioxide and carbon dioxide. These emissions depend on die type of fuel used and sometimes on the 
technology adopted, especially in die case of electricity generation. The result given by the model is 
a complete air pollution balance of die country. Such an evaluation is of utmost importance in the 
assessment of the environment impacts of energy policies. 

Japan: Integrated energy-economy-environment model system and its application (236) 

Model development 

Japan Atomic Energy Research Institute (JAERI) has been developing an Integrated Energy-
Economy-Environment Model System (Integrated E3 Model System) (237) for providing an analytical 
tool for systems analysis and technology assessment in die field of nuclear research and development 
since 1976. 

This model system, of which Hie structure is shown in Figure A4.11 and die outline is given 
in Table A4.3. consists of die following four model blocks. 

The first model block, prepared for dynamic scenario generation, can serve to generate and 
analyse long-term scenarios of socio-economic evolution using such analytical mcdiods as system 
dynamics and macro-cconomctrics. At present, this model block installs dirce different sub-modeis, 
i.e., EEEMVAR (Energy-Economy-Environment Multi Variable Auto Regressive model) and 
LTMEMO (Long Term Macro Econometric Model) for I ng-term macro econometric analysis; 
ENERGYSD (ENERGY System Dynamics model) die TREEPH (TransiUon in Energy-Economy 
PHcnomena model) for long-term energy system dynamic analysis; MEEMO (Macro Economy-
Environment Model) for long-term macro environment analysis. 

The second model block, used for analysing the si. ictural nature of the encrgy-cconomy-
environment system, installs the MARKAL model and die Ei *gy Input/Output (TRANS) model (E-
I/O). The MARKAL model, of which the original version N ••>S developed at Brookhaven National 
Laboratory in die USA and at Kcmforschungsanlagc Julich ir the German Federal Republic through 
the international cooperation of die OECD/1EA/ETS AP (Energy Technology Systems Analysis Project), 
is a multi-period linear-programming model for energy systems analysis. The JAERI's version of 
MARKAL provides a variety of capabilities such as trade-off analysis between cost and emission or 
cost and security of supply, value flow analysis, tabular and/or graphic output, etc. 

The E-I/O (TRANS) is a multi-sectoral energy-economy interaction model used to analyse 
structurally die long-term evolution of energy-economy systems taking into account the degree of 
substitutability and complementarity among factor inputs under die change of die energy technology 
configuration. The part used to estimate useful energy demand using production levels and other 
economic activity indicators is a central function combining die I/O (TRANS) model widi die 
MARKAL model. For rationalisation of such functioning, the Integrated E3 Model System installs 
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three sub-models, i.e. industry sub-model, residential & commercial sub-model, and transportation sub
model. 

The third model Mock is used for making strategy analysis of nuclear power reactor 
installation and fuel cycle evaluation. The model series of JALTES have been developed to optimise 
future capacities of nuclear power reactors by the linear programming technique, and to calculate 
relevant nuclear fuel cycle quantities. Especially, JALTES-III can handle non-integer yearly time 
intervals and makes analysis of a trade-off relationship between discounted system cost and cumulative 
consumption of natural uranium or others inputs. 

The fourth model block involves cost-benefit-risk assessment models and data bases. 
Concerning the assessment model, it contains such sub-models as the Single-Unit Power Plant COst 
estimating model SUPPCO, the simulation model on FINANCial conditions in Energy industries 
FINANCE, REgional or LOca' S cio Environmental impact of energy plants RELOSEP, CONCEPTual 
cost estimates for fossil-fulled and/or nuclear-electric power plants CONCEPT. The model block 
installs three different kinds of sub-data bases, i.e, a technology data base, an environmental data base, 
and numerical inforuation on end-use fuel mixes. 

The integrated E3 Model System is still being developed but it has been applied in a number 
of specific studies described elsewhere (238-241). 

United States: The Fossil 2 model used in the US national energy strategy 

The following description is an abbreviated version of that given in Appendix D of 
reference 242. This reference gives further information on the structure, testing and application of the 
model. 

The integrating analysis tool for the National Energy Strategy is a large-scale model of the US 
energy called Fossil 2. This is a dynamic simulation model of US energy supply and demand 
designated to project the long-term (30- to 40-year) behaviour of the US energy system. The model 
structure, which includes all energy-producing and consuming sectors, simulates the marketplace in 
a series of dynamic stocks and flows; the stocks include energy-production facilities (for example, oil 
fields), energy-transformation facilities (for example, power plants), and energy-consuming entities (for 
example, houses, vehicles), while the flows include energy, prices, and information. 

The model presently provides detailed projections of US energy supply, demand, prices, costs, 
and emissions over a 40-year time horizon, and has the ability to test a wide variety of alternative 
energy policy options. 

The Fossil 2 model can be characterised as an equilibrium energy market model, as energy 
markets "clear" over time through feedback among prices, demand, and production capacity. The 
model uses system dynamics methodology and is written in the PC-Dynamo computer language. 
System dynamics, based on modem theory, is a method of representing system behaviour using 
differential and integral equations. It makes no a priori assumptions about that system and is ideal 
for representing complex markets in which many factors are interrelated. Fossil 2 is especially well-
suited for long-term energy-policy analysis because it includes: 

technology-based structures that represent the economics and technology 
characteristics of specific energy supply and demand options; 
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the effects of resource depletion on the costs and finding rates of fossil fuels; 

lags or delays in the adjustments of energy supply and demand to prices (due to 
construction lead times or capital turnover); 

the effects of feedback loops (or interactive effects) on the behaviour of energy 
supply, demand and price (for example, high gas prices lower demand, which lowers 
future gas prices); 

market penetration of new technologies or fuels in the energy marketplace. 

The model is used as an integrated analytical framework to incorporate a large set of 
technology and policy assumptions generated by the Department of Energy, the Energy It. rmation 
Administration, and the DOE national laboratories. These assumptions combine to establish the 
Current Policy Base case projection of US energy supply, demand, and prices from 1950 to the 
year 2030. 

The basic structure of the Fossil 2 model is shown in Figure A4.12. The demand for energy 
is determined in a "least cost/energy services" framework of total US energy demand. Following this 
approach, the model first projects the demand for energy services (heat, light, steam, shaft power) in 
each end-use category and then calculates the share of service demand captured by end-use 
technologies. These technologies include, for example, conservation, co-ge;."ration, or conventional 
steam-generation technologies. 

For most energy-service categories, there arc several fuels that can provide the required energy 
services - in addition to "conservation". In a few categories (iuch as lighting or appliances), only 
electric energy services can be used. For those where there are choices of fuels, a least-cost algorithm 
is used in Fossil 2 to determine the market share for different fuel-using categories of new energy 
equipment. To determine market shares, energy service costs for each fuel-technology combination 
are compared. This cost is the sum of the capital cost (which includes a base capital cost and 
conservation costs) and the fuel cost (which takes into account potential fuel savings from 
conservation). Because the costs faced by all consumers are not exactly the same due to regional and 
site-specific differences, the fuel-choice algorithm is based on distributions of costs rather than on 
single point estimates. 

The energy-supply sectors of the Fossil 2 model represent the decisions that lead to the 
commitment to new production capacity, the operation of existing production capacity, and the setting 
of energy prices for oil, gas, coal, and electricity. Energy producers choose to invest in production 
technologies that maximise the industry's rate of return (or minimise the average cost of production), 
subject to environmental constraints (for example, S02 restrictions or water availability). The sectors 
keep account of production capacity and assets, and calculate energy prices in accordance with the 
rules that are generally followed in each industry. These rates then feed into the demand sector, 
helping to determine current and future growth in energy demand. This link between supply, price, 
and demand closes important "feedback loops". That is the reason the model is characterised as an 
"integrated" model of energy supply and demand - at each point time, energy supply, demand and 
prices are in balance. 

Figure A4.13 illustrates the basic feedback loop structure that simulates the behaviour of 
energy markets in the Fossil 2 model. Demand and production capacity for each fuel type (oil, gas, 
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coal, electricity) determine the price of the fuel at any given time (in the case of electricity markets, 
prices are regulated at a fixed return on investment as allowed by state regulatory commissions). Both 
demand and production capacity change through time as a function of economic growth, oil prices, 
and past investments in conservation or production technologies. Fuel prices then "feed back" to affect 
investors' decisions for both demand (conservation) technologies and new supply technologies. This 
price feedback structure simulates the dynamic behaviour of energy markets as they adjust to varying 
conditions of supply and demand through time. 

Energy demand and conservation 

The Fossil 2 demand sector is based on the concept that energy consumers act to minimise 
their energy service costs (not their fuel expenditures). Consumers choose the combination of fuels 
and end-use technologies that can provide services (such as comfort, light, or industrial steam) with 
minimum life-cycle costs. They make a trade-off between normal energy-using equipment and 
investments in more expensive energy-efficient equipment (such as efficient furnaces, light bulbs, or 
boilers) which allow lower fuel expenditures. Consumers can also choose among different 
technology/fuel options (such as a gas furnace versus an electric heat pump). 

The demand sector is divided into four major energy-using sectors: residential, commercial, 
industrial, and transportation. Each of the sectors is further divided into major end-use categories that 
represent different types of energy-service demands. 

Figure A4.14 illustrates the basic structure of the end-use demand sectors in Fossil 2. Energy-
service demand for each end-use category is calculated from the base-year service demand and the 
macroeconomic inputs in each year (projected building stocks and industrial production indices). 
Conservation investment decisions are made using a least-cost algorithm based on fuel prices, financial 
assumptions, and the costs and efficiencies of a variable conservation technologies. Once conservation 
investment levels are determined, the costs of providing energy services with each appropriate fuel 
type are calculated and used to determine fuel market shares. A capital turnover or "vintaging" 
structure keeps track of the efficiency and fuel-use characteristics of all existing stocks as stock is 
added, retrofitted, and retired. Finally, utilisation of existing equipment can be modified through short-
term behavioral responses. 

The main output from the sectors is total energy use by fuel type, which is used by the various 
supply sectors. Total energy-service costs (the total of capital and energy costs) are also computed 
as output. 

After determining energy consumption in each end-use, the model sums the fuels used across 
all end-uses in each sector and adds across all sectors to compute total fuel demand, which is used by 
the supply sectors to delcmiinc new investments in supply and prices. Figure A4.15 shows the fuels 
that are included in each end-use category. Dispersed renewables (with the exception of solar) are 
specified exogenously, but are included as satisfying energy-service demands. Therefore any change 
in projected rcnewables use will have an impact on the projected conventional fuel use. 

Electricity generation 

The electricity-generation sector of the Fossil 2 model represents the decisions that lead to the 
commitment to new generation capacity, the operation of existing capacity, and the setting of 
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electricity rates. Figure A4.16 illustrates the basic structure of the Fossil 2 electricity-generation 
sector. The sector first determines new capacity needs based on forecasted load growth. Utility and 
non-utility generators (NUG's) then compete for a share of this market for new capacity based on a 
"least-cost" algorithm. The "winning" technologies are put into construction and are evertually added 
to existing capacity, where they are dispatched in a "least-cost" manner to satisfy electricity loads from 
the demand sector of the model. Finally, all costs associated with system construction and operation 
are combined under traditional ratemaking rules to determine electricity prices. These prices are then 
fed back into the demand sector, helping to determine current and future load growth. 

Oil and gas 

The oil and gas sector of the Fossil 2 model provides a rigorous and consistent framework for 
projecting investment, production, and imports for petroleum, natural gas, and synthetic fuels. The 
sector also estimates natural gas price. The sector is designed to: 

capture the long-term dynamics of fossil-fuel discovery, production, and depletion; 

model the transition form reliance on conventional oil and gas resources to 
unconventional resources and production technologies; 

simulate industry decision making and behaviour by modelling explicitly on an 
aggregate basis the major structural elements of the domestic oil and gas industry; 

provide a structural basis on which to analyse implications of different policies and 
scenarios. 

Coal production 

The coal production sector of Fossil 2 simulates the operation of existing coal mining capacity, 
the creation of new mining capacity, and the setting of long-term delivered prices of coal. The coal
mining industry is represented as one aggregate entity with two production methods - surface mining 
and underground mining. This entity produces coal, collects revenues, pays expenses, sets prices, and 
makes decisions about how to expand production to meet future growth in demand. 

The model determines how much investment in new production capacity is necessary to keep 
capacity utilisation within acceptable limits. Industry investment in new production capacity can be 
constrained if, for some reason, internal funds plus available financing are not able to cover the cost 
of required capacity. Coal prices are generally cost-based and include components for the average cost 
of production, return on equity, and a delivery charge, although profits (return on equity) may escalate 
if production capacity has difficulty keeping up with demand. 

Renewables 

Renewable energy sources are represented in the Fossil 2 model in two groups: those that are 
dispersed (located at the energy user's facility) and those that are used to generate elcc.ricity for a 
utility. The former are included in the demand sector, while the latter are located in the electricity 

124 



sector of the model. The electricity-producing technologies are further divided into those owned by 
regulated utilities and those that are owned by non-utility generators. 

With the exception of biomass, the largest role of renewables is projected to be in electricity 
generation. In the model, renewable technologies compete with conventional electricity generation 
technologies for a share of the generation. 

Emissions 

The emissions sector of Fossil 2 computes the carbon, methane, NO„, and S02 emissions that 
are associated with energy transformation and consumption activities. These emissions are based on 
emissions coefficients that were derived from average national observed emissions and patterns of fuel 
use. The volume of emissions change as the volume and pattern of energy consumption changes. For 
example, a shift from coal- to gas-fired electricity generation will show up as a decrease in carbon and 
S02 emissions and an increase in methane emissions. The purpose of this sector is to allow analysis 
of the impact of changes in energy policies on overall emissions. With the exception of some of the 
energy changes caused by the Clean Air Act Amendments, there is no feedback between this sector 
and the rest of the model - that is, changes in emissions will not affect any variables in any other 
sector. 

Comment 

The four models described in the preceding sections illustrate the wide variety of modelling 
approaches that have been developed and applied in OECD countries. Many other examples could 
have been included, emanating from governmental and non-governmental sources. 

The important thing to stress is that mathmetical modelling techniques exist or can be 
developed which facilitate the analysis of the demands for energy and the effects of constraints on 
energy supply, labour, fuels, environmental emissions, etc, on economic development. Such models 
can be and are used in a number countries to examine the broad economic impacts arising from the 
adoption of different energy strategies amongst which the effects of the deployment or non-deployment 
of nuclear power has figured prominently. Further comments on the application of models and some 
of their findings are presented in relevant sections of this report. 
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Table A4.1. Environmental costs and power systems planning 

No. 

1 

2 

3 

4 

5 

6 

7 

Name of model 

Energy Flow 
Optimization Model 
(EFOM) 

Energy Planning 
System Model 
(Bogazici) 

Energy Technology 
Assessment Model 
(Stanford) 

KWUand 
1NTERATOM 
Models (FR 
Germany) 

Energy System 
Network, 
Brookhaven 
National Lab (BNL) 

Market Allocation 
(MARKAL) 

Model for Energy 
Supply Strategy 
Alternatives and 
their General 
Environmental 
Impact (MESSAGE) 

Time 

Medium lo 
long term 

Medium term 
(15 years 
horizon, 3 year 
steps) 

Long term 

Medium term, 
long term 

Short term 
(three years 
long-term 
version as 
well) 

Medium lo 
long term 

Medium to 
long term 

Modelling technique 

Optimization (linear program) 
or simulation 

Optimization (linear program) 
decisions after each step 

Optimization (non-linear 
programming) 

Accounting network flow 

Linear programming 
optimization 

Dynamic linear programming 

Applications 

Europe (EC). 
Thailand. Swaziland, 
Turkey, Yugoslavia 

Turkey 

Mexico 

OPEC countries 
Indonesia 

Egypt, Thailand 

Brazil, Guandong 
China, Korea, 
Indonesia, Morocco, 
OECO countries 

W. Germany, 
Austria, Some initial 
work in: China. 
Iran. Nigeria 

Computer 
requirements 

IBM 3033 
ICL2960 

Not known 

Not known 

Memory >50Kb 
(program language 
Fortran) 

Not known 

Program language 
Omni. Main 
frame and micro 
versions exist 

Main frame and 
micro versions 
exist 

Environmental 
constraints 

Has been used 
for evaluating 
costs of alt. air 
emissions 
standards 

Not explicitly 
expressed 

Nor explicitly 
addressed 

Not addressed 

Addressed in 
constraint form 
in the REFS 
version 

Deals with CO, 

Air emissions 
constraints 
explicitly 
addressed 

Other comment* 

Uses commercial 
packages (joint EC 
model W. 
Germany/France) 
Only applied to Turkey 

Only applied to Turkey 

Very country specific, 
focusing on oil flows 

Used to allocate 
capacity to countries 
based on evnironraental 
impacts 

Developed by IEA to 
ananyse impacts of 
CO, emissions controls 
on the energy sector 

Developed in Germany; 
still being improved. 



No. 

8 

9 

10 

11 

12 

13 

Name of model 

RET1NE 

Wein Automatic 
System Planning 
Package (WASP) 

Argonne Utility 
Simulation Model 
(ARGUS) 

SPSEK 

WAGP 

Electric Generation 
Expansion Analysis 
System (EGEAS) 

Time 

Medium to 
long term 

Medium to 
long term 

Medium to 
long term 

Medium to 
long term 

Medium to 
long term 

Medium to 
long term 

Modelling technique 

Static optimization with linear 
constraints and non-linear 
objective function 

Dynamic optimization with 
probabilistic simulation 

One period non-linear 
optimization 

Dynamic linear optimization 
but not with respect to 
environmental constraints 

Combines screening and 
branch and bound logics to 
select optimum capacity 
expansion plan 

Solution methods: screening 
curves, linear and dynamic, 
programming, generised 
benders decomp. analysis 

Applications 

Ecuador, China 

Applied in more than 
40 countries 

USA 

Poland 

Applications outside 
the US not known 

Applications outside 
the USA not known 

Computer 
requirements 

Main frame and 
micro versions 
exist 

Memory >64Kb; 
IBM AT.PC 
versions and main 
frame 

Program language 
Fortran can be run 
on micro 
computers 

Not known 

Details not known 

Details not known 

Environmental 
constraints 

Not explicitly 
addressed 

Not explicitly 
addressed but 
can be run with 
an impacts 
module 

Deals 
specifically with 
coal 

Emissions of air 
pollutants are 
calculated 

Explicitly 
addressed in 
constraint form 

Explicitly 
addressed in 
constraint form. 
Some impacts 
also reported 

Other comments 

Swiss developed model 

Widely used for power 
systems planning. 
Experience with 
impacts module not 
positive 

Sophisticated model to 
minimize costs of 
meeting air pollution 
standards for coal 

Still being developed 

Developed by 
Westingnouse 

Sophisticated model 
developed by EPR1 



Table A4.2 Integrated energy modeb 

No. 

1 

2 

3 

4 

5 

6 

7 

Name of model 

ENERPLAN 
Energy Planning 
Model 

ENVEST 

IDEA 

LEAP - Long-
Range Energy 
Alternative 
Planning Systems 

MESAP — Micro 
computer Based 
Energy Sector 
Analysis and 
Planning System 

CJ4PEP — Energy 
& Power 
Evaluation 
Program 

Swedish Integrated 
Electricity 
Planning Model 

Time 

Short term 
Medium term 
Long term 

Short term 

Short term 
Medium term 
Long term 

Medium term 
Long term 

Short term 
Medium term 
Long term 

Short term 
Medium term 
Long term 

Short term 
Medium term 
Long term 

Modelling technique 

Set of integrated simulation 
models: energy balance, statistics 
simulation model, traditional 
sector resource model 

Set of interlinked simulated and 
optimization models; ('bottoms 
up" approach) 

Set of interlinked simulated and 
optimization models: subsecloral 
energy sector macro-economic 
analysis 

Set of interlinked simulated 
models: macro-economic demand 
^•PP'y (transfer) resource model 

Integrated set of simulated 
account and optimization models: 
demand supply (opt) energy 
balance statistics investment 
calculations 

Integrated set of models: macro 
demand balance of demand and 
supply load forecast impacts 

Integrated set of models: macro 
demand power demand electricity 
conservation supply optimization, 
Uses a scenario approach 

Application 

Thailand, 
Costa Rica 

Morocco, 
Costa Rica 

Sri Lanka 
Indonesia. Haiti, 
Dominican Republic 

Kenya (planned) 
(earlier version without 
environmental module 
has been used in 
several LDCs) 

Algeria, Iran 

ENPEP is still in a 
developing stage -
initial trials have been 
carried out on data 
from Jamaica 

Sweden 

Computer requirements 

Memory>256Kb Program 
language BASIC 
Implementations IBM-PC NEC 

Memory>256Kb Operating 
system MS-DOS Program 
language BASIC 
Implementations IBM-PC NEC 

Meroory>320Kb Operating 
system MS-DOS 
Implementations IBM-PC 

Meraory>236Kb Operating 
system MS-DOS 
Implementations IBM-PC 

Meraory>IOOO Kb Operating 
system MS-DOS 
Implementations IBM-PC 

Memory>640Kb Operating 
system MS-DOS. Program 
language FORTRAN. 
Implementations IBM-PC 
ATTEC 

Not known 

Environmental 
constraints 

Not addressed 

Not addressed 

Not addressed 

Environmental database 
is being added to the 
new version to be 
released in early 1990 

Environmental issue* are 
treated as in MESSAGE, 
which is one module in 
MESAP. See Table 2. 

IMPACTS module is 
being extensively 
revised. Geographical 
dispersion of pollution is 
being added 

Environmental issues not 
explicity addressed but 
'environmental* supply 
scenario Is examined. 

Other comments 

Developed by the Tokyo 
Energy Research Group 

No further details 
available 

Developed in Argentina. 
Not many details 
available 

Developed Energy 
System Research Group 
Boston Users spreadsheet 
framework 

Developed an IKE 
Stunga Compares results 
from more than one 
model. e.g. WASP and 
MESSAGE 

Developed at Argonne. 
Electric Supp Model 
based on WASP is 
linked to demand and 
IMPACTS modules. See 
Table 2. 

Developed at Vanenfall 
and Lund University 
Model is discussed 
further in the text 



Table A4.3. Fuel type, sectoral, and regional disaggregation of the IFSD model 

Fuels and products Sectors Regions 

Natural gas 
Petroleum products 

Naptha 
Motor gasoline 
Aviation gasoline 
Aviation turbo 
Kerosene 
Light fuel oil 
Diesel fuel oil 
Heavy fuel oil 
Petroleum coke 
Asphalt 
Lubes and greases 

Coal 
Coke and coke oven gas 
Electricity 
Steam (heat) 
Renewable 

Residential and agriculture 
Commercial and public 

administration 
Industrial 
Industrial 
Transportation 

Road 
Rail 
Marine 
Aviation 

Non-energy (petrochemicals, etc.) 
Intermediate conversion losses 
Inter-regional electricity 

transfers 
Producer consumtion 

Atlantic 
Quebec 
Ontario 

Manitoba 
Saskatchewan 

Alberta 
Alberta 

British Columbia 

Figure A 4.1 IFSD-UGENEX relationship 

IFSD 

Electricity 
Prices 

IFSD Electricity 
Demand 

UGENEX 

Electricity 
Supply 
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Figure A4.2. IPSD algorithm 
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Energy Price 
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Regional Non-Energy 
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Fuel Market 
Shares 

RES. COM. IND. 

Regional Secondary 
Demand 

by Sector and Fuel 

Regional End-Use 
Energy Demand 

by Fuel 

Regional Producer 
Consomption by 

Fuel 

intermediate 
Conversion Losses 

by Fuel 

Inter-Regional 
Electricity 
Transfers 
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Demand by Fuel 
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Figure A 4.3. Adding a new generation facility 

No-

No-

Checkif 
Sequential Unit 

is Available 

Yes 

Add next 
Sequential Unit 

I 
Check if 

Floating Unit 
is Available 

Add all Committed 
Units 

1 
Check if Energy Requirement is Satisfied 

Yes 

* 
Add Base Unit or Peaking Unit 

•Hydro 
•Nuclear 
•Coal 
•Oil 
-Qas 
-Other (Renewables) 

-No-

rror 

-Yes 

Check if Peak 
Requirements are 

Satisfied 

Yes 

Go to next Year 

131 



Figure A4.4. Fuel Requirement 
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Figure A4.5. IFSD-UGENEX interaction 
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Figure A4.6. Maia features of MELODY-FRANCE 

Specificities 

Economic sectors 

Number of eauqtions 

Main endogenous var. 

Main exogenous var. 

Applications 

Long-term energy model taking into account all the finks 
between the energy sector and the whole economy. High 
disaggregation of the electricity generation sector, 
especially for the nuclear part 

Modelling background 

Field background 

Periodicity 

Running period 

Utilization mode 

Sectorial disaggregation 

Econometric and 

French economy 

Annual model 

1970 - 2015 

Dynamic 

Three productive 
electricity sector with high disaggregation of the latter for 
the purpose of measuring macro-economic impacts of the 
French nuclear programme. 

Four producers, households, government and external 
trade 

200 

GDP, employment, unemployment, inflation, energy 
balance in physicial and monetary units, balance of trade, 
government budget deficit 

Demography, external prices and demands, economic 
policy, technical variables 

Main energetic studies in France, methodology applied in 
Algeria, Jordan, Morocco and Tunisia with the support of 
the World Bank and UNDP 

134 



Figure A4.7. The melody model 
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Figure A4.8. Electricity production and electricity prices 
(Melody) 
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Figure A4.9. The Price loop (Melody) 
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Figure A4.11. Integrated energy-economy-environment model system (JAPAN) 
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Figure A4.12. The Structure of the fossil 2 model 
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Figure A4.13 Basic market mechanisms 
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Figure A4.14. Fossil 2 Demand sector structure 
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Figure A4.16. Electricity sector overview 
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Annex V 

Input-Output Models 

Introduction 

As indicated in the main text, input-output models of an economy require large amounts of 
data and take a long time to produce so that they are seldom available until some time after the 
reference year to which they apply. The models analyse the interactions between the sectors of an 
economy in considerably more detail than that normally found in macroeconomic analysis of the type 
described in Annex IV. However, input-output models can be incorporated into other macroeconomic 
modelling exercises where this is considered appropriate. Specific reference to their incorporation is 
made in the description of the Japanese and French macroeconomic modelling approaches in 
Annex IV. 

Although there are undoubtedly other examples of the application of input-output analysis to 
questions of energy policy, only one detailed example has been brought to the attention of the expert 
group and this is described below. A second simplified model for use in analysis of energy, economy, 
environment interactions is also described. 

Japan: A study of secondary production arising from nuclear power generatbn (243). 

Figure AS.l illustrates the flow of goods and services in Japan arising from the activities of 
the Japanese nuclear industry. Nuclear power is capital intensive and a major part of the goods and 
services required for electricity generation (both capital and fuel cycle related) are procured from 
Japanese domestic manufacturing industries. This implies a high level of secondary domestic demand. 
The impacts of the utilisation of nuclear energy on the national economy include those on production, 
investment, industrial employment, balance of payments, energy security, energy prices, environmental 
quality, etc. To evaluate these impacts systematically, analysis are required on basis of the framework 
outlined in Figure AS. 1 utilising the available statistical and technological data. 

From the framework in Figure AS.2 the macroeconomic model is used for analysis of long-
term scenario and scio-economic development, whilst the input-output model is used for structural 
analysis of national economy. The total energy systems analysis model is used to study the security 
of energy supply and environmental emission control requirements as well as the analysis of energy 
technology market penetration. 

The secondary production effects arising from nuclear power deployment have been analysed 
using the input-output model in order to examine the consequences for the national economy. The 
analysis has been based on information on the structure and expenditure of the nuclear industry 
compiled by the Japan Atomic Industry Forum (244) and the national input-output tables (245). The 

142 



overall economic activity of the electric utility sector, such as the input and output quantities to and 
from the sector and its fixed capital formation have been reaggregated into separate nuclear and non-
nuclear sectors. The input-output matrices have then been adapted to derive technological coefficients 
(that is the parameters linking the input and output of different industrial sectors within the matrix) 
for the nuclear and non-nuclear electricity sectors separately. 

The analysis using the input-output matrix can than be employed to determine the gross output 
of the main sectors of the economy with nuclear power investment and without it. The net increment 
of overall production arising from nuclear investment can then be compared with the direct investment 
in nuclear power, to yield an overall multiplier coefficient indicating the extent of secondary 
production attributable to the nuclear investment. The nuclear multiplier for investment was found to 
be 2.S9, which is much higher than the average multiplier of 2.14 ."or total Japanese private 
investment. 

This analysis of itself is not sufficient, however, since the effect of alternative use of the 
investment capital in other generation technologies needs to be explored. In the specific study, data 
were only presented for the transport machinery industry which yielded a lower multiplier of 2.34. 
Similar analysis could be made for other fuels to give a direct indication of the relative importance 
of nuclear power versus other energy supply options. 

A separate study by the Japanese Central Research Institute of the Electric Power Industry 
(CRIEPI) used their medium term economic forecasting system, Figures A5.3 and A5.4 (105). The 
study used an 8 sector, 54 commodity input-output model. It gave an overall GNP multiplier for 
Government investment of 1.9, somewhat below the figure derived for specific nuclear investment. 

Input-output analysis can be extended to indicate the levels of indirect employment and, 
through the introduction of environmental emission data on an industry by industry basis, to examine 
the secondary environmental consequences arising from the deployment of alternative energy options. 

Simplified input-output model 

Most 1-0 models are prepared at a high level of sectoral disaggregation (50-100 sectors, often 
more) and consequently 1-0 has the reputation of being a data- and resource-hungry technique that 
tends to produce large quantities of hard-to-interpret output. ENDAM2 (68) is one model which has 
sought to avoid these disaggregation problems. The model consists of a compiled spreadsheet program 
for investigating energy, environment and employment policy issues using a ten sector semi-closed 
static 1 0 model of the UK. The authors argue that by restricting the dimensions of the model, the 
program incorporates much of the complexity of the interrelationships without the obscurity of 
excessive disaggregation (and makes it more feasible to extend the model to future multi-country 
comparisons). 

ENDAM 2 deals explicitly with physical energy flows and emissions of air pollutants from 
the energy sectors. It also uses a vector of sulphur dioxide dispersion coefficients based on EMEP 
(European Monitoring and Evaluation Programme) data, to estimate the UK's depositions on a set of 
European countries and on North Africa. The model can be operated either as a semi-closed Leontief 
system, with personal consumption endogenously determined (68)(246), or as an open system. 

The model is driven by four main structural features. It is the interaction between these 
features that determines the nature of the system's response to changes in exogenous variables or 
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parameters. The structural features are: the pattern of consumer spending by income groups; the 
interindustry production structure (there are five energy sectors — coal, oil extraction, oil processing, 
electricity and gas -- plus construction, manufacturing, transport and services); the distributions of 
personal disposable incomes by income group by sector, and the structure of environmental effects 
from production, consumption and use of energy (via coefficients for sulphur and nitrogen oxides and 
catbon dioxide). In addition personal consumption is partially determined by relative prices. Two 
types of atmospheric pollution costs are calculated in the model. The first is the cost of the damage 
done to human health, buildings and other structures and plant life by acid deposition. The second 
type of cost is the abatement cost of reducing sulphur and nitrogen oxide emissions. 

The model provides the user with the opportunity to alter basic assumptions regarding energy 
intensity and the technology of production, pollutant unit emission levels, sectoral final demand and 
taxation rates. Simple forms of carbon taxes can be set for up to four fuels. Once the desired 
parameters have been inserted, the model calculates the equilibrium effects on output, expenditure, 
emissions, European sulphur dioxide depositions, physical energy use and a limited set of abatement 
costs and benefits, all of which can be inspected graphically. Thus the model can be used as a tool 
for performing straightforward but revealing simulations which allow the exploration of a wide rpnge 
of policy options. The results of a number of simulation exercises have been described by the 
authors (247). They acknowledge the way in which the results are influenced by limitations in both 
data and model structure, and suggest that future versions will develop the database and enhance the 
opportunities for investigating domestic and international policy issues and trade-offs. 
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Figure A5.1. Flow of goods and services by nuclear industry in fiscal year 1989 in Japan 
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Figure A5.2. Analytical framework on broad economic impacts of nuclear energy 
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Rgure A5.3. Production induced by nuclear investment of electrk utility in Japan 
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Figure AS.4. Production induced by nuclear investment of electric utility's operations 
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Figure A5.5. Overall structure of the CRIEPI medium-term 
economic forecasting system 
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Figure A5.6. Basic structure of CRIEPI multisectoral model 
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Annex VI 

Technology Assessment 

Technology assessment has been defined as a stepwise procedure to define in all relevant detail 
the technology and the social needs it is designed to meet The inputs and outputs to and from the 
development in technical, economic, social and ecological terms are determined and analysed with 
care, taking account of indirect and longer term effects as well as the more immediate and direct 
impacts. The alternative approaches to meeting the same social needs are similarly analysed and 
scenarios (descriptive forecasts of developments over time) considered to highlight the implications 
of the technical options available. 

The definition is all embracing and clearly full technological assessments would be expected 
to be time consuming and costly, except in cases where the impacts are small and narrowly confined. 

Nuclear energy, as a technology, has been considered as the focus of or as part of a number 
of technology assessment studies. Most of these do not proceed to full quantification and various 
methods of comparing options have been derived. Selected examples follow: 

Technical options of different means of producing nuclear power (Thiriet and Sugier) 

The referenced paper (248) looks at alternative technical choices for the production of nuclear 
fuel and the siting and type of nuclear plant. It would be equally applicable to treatment of other fuels 
and renewable sources. 

The structure of the study is illustrated in Figure A6.1 and it proceeded through six stages: 

1. definition of the social needs to be satisfied; 
2. analysis of the technologies available; 
3. forecasts and prospects for alternative techniques; 
4. forecasts of the potential effects of the options on the economy, environment, etc.; 
5. integration of the effects into a framework for comparison; 
6. relating the findings to the choices to be made. 

Thiriet and Sugier used preference matrixes to display their findings and these were based on 
ordinal rankings under different impact headings. 

Most of the analysis in the specific examples was qualitative. Figure A6.2 illustrates the 
analysis of impacts of the individual technologies (stage [iv]) and Figure A6.3, a matrix comparison 
of the political 'issues' (stage v). Separate matrixes were produced for environmental impacts Figure 
A6.4 (stage 5). 

151 



The analysis as described was not exhaustive and left the outcome as a complex 
multidimensional choice rather than attempting to weight the diverse range of impacts and reduce them 
to a single decision criterion (objective function). 

The impacts of power parks 

Several countries have examined the local implications of constructing a group of nuclear or 
other power plants in specific locations in terms of their consequences for employment, regional 
income, infrastructure and environment during both the construction and operational phases. 

Such analyses, performed to assist in policy formulation, have been systematic reviews rather 
than calling on novel methodology. They have embraced both direct and secondary effects. In general 
the indirect post-construction impacts are likely to small for single power plants since the number of 
employees and their dependents is not large. However, even single plants located in sparsely 
populated rural areas can impose strains on facilities for schooling, transport, etc. Large power parks 
with a number of plants have a correspondingly larger effect. 

As has been demonstrated by ex-post studies of existing sites, local impacts are generally 
bigger during the plant construction phase due to the movement of materials, site work and the large 
temporary influx of construction workers (125-128). 
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Figure A6.1 
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Figure A.6.2. Forecasts and prospective analyses of potential 
environmental impacts 
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Figure A6.3. Political and economic arguments 
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Five questions may be used to identify political and economic concerns: 

— Would it be possible to use other sources of energy? 

— Can national energy independence be increased (problems relating to procurement, 
investment requiring international loans, use of foreign technologies)? 

— Is the energy balance satisfactory? 

— Has the choice of option been given sufficient thought? 

— Has the consultation process been adequate? 



Figure A6.4. Arguments reglated to environmental impacts 
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Annex VII 

Premium for Price Stability 

In the course of the UK's Hinkley C PWR Inquiry the Economic Assessor in consultation with 
the Central Electricity Generating Board and others developed a model to evaluate the premium people 
would be prepared to pay to reduce their exposure to uncertainty in fossil fuel prices (249). 

The basic argument is that nuclear power (and renewables) costs are determined once the plant 
is built and virtually independent of the subsequent behaviour of the economy. Fossil fuelled plant 
costs, on the other hand, are uncertain due to the high share of fossil fuel prices in the overall 
generation cost. Furthermore any rise in fossil fuel prices will be reflected in a reduction of profits 
from electricity sales and a parallel loss of profitability in the remainder of the economy, depending 
on the contribution fossil fuels make to electricity production and to overall economic activity. 

The degree of correlation between the profitability of a specific industry and that in the general 
economy affects the return sought by investors in a manner empirically described in the Capital Assets 
Pricing Model. 

Re = R, • fKR̂  - RJ 

where Re is the rate of return on electricity supply, R, the risk free rate of return and Rm the average 
rate of return across the equity market, fl is called the risk coefficient. It equals zero for a risk free 
investment, 1 for an equity having average market risk and is over 1 for riskier investments. 

The analysis concluded that the premium the investor would pay to reduce risk, expressed as 
a percentage of the average cost of fossil fuelled electricity production was 0 per cent where: 

0 = 100 [ ((Rro - RJ/RJ (eZ) (o,/f) (on/*) f 

e is the elasticity of aggregate company profits to fossil fuel price changes,d7i/n df/f 

Z is the elasticity of fossil fuelled generation costs to fossil fuel price changes,dk/k df/f 
0,/f is the coefficient of variation of fossil fuel prices and ajn is the coefficient of 
variation of aggregate profits 

For the UK the authors took R̂  as 0.13, Rs as 0.04, Z as 0.S, e as 0.14 and the squared ratio 
of the coefficient of variation based on 10 year's quarterly time series data as 1.22. 
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Annex VIII 

Nuclear Industry, the Decision Framework and the 
Treatment and of Broader Economic Impacts 

in Some OECD Countries 

In the sections that follow, repotts submitted by participating OECD countries ate presented. 
They have been edited to harmonise the format but the basic data are 'as supplied' and no comments 
have been added or deletions made by the expert group. 

The separate sections are: 

Canada 

Federal Republic of Germany 

Finland 

France 

Japan 

The Netherlands 

United Kingdom 

United States 
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Annex VIII. I 

Canada 

Regulatory structure 

In Canada, the provinces have jurisdiction over electricity generation, transmission and 
distribution1. The federal government regulates nuclear power2 and has jurisdiction over electricity 
exports, and international and interprovincial power lines3. 

Most provinces have established regulatory bodies to oversee the utilities, although the degree 
of supervision varies. The major areas subject to review are rate-setting and construction of new 
facilities. 

The Federal Government regulates electricity exports from Canada and international and 
designated, interprovincial power lines. The National Energy Board (NEB)4 advise die federal 
government on the development and use of energy resources, and regulates specific matters (i.e 
licences of electricity exports, and certificates of power lines) concerning oil, gas and electricity. 

The Atomic Energy Control Act (1946) gave the federal government control over the 
development, application and use of nuclear energy and established the Atomic Energy Control Board 
(AECB). The five member Board administers and enforces the Act, from which it derives its authority 
to regulate health, safety, security and environmental aspects of nuclear energy. The Board's primary 
function is to license Canadian nuclear facilities and activities dealing with use and export of 
prescribed substances and certain equipment. Nuclear facilities, among other things, include waste 
management facilities3. 

Structure of the industry 

Electric utilities 

Canada's electric industry is made up of provincial and territorial Crown corporations, 
investor-owned utilities, municipal utilities and industrial establishments. In 1990, provincial electric 
utilities accounted for about 83 per cent of Canada's total installed generating capacity and produced 
about 82 per cent of total generated electricity. The investor-owned utilities accounted for 6 per cent 
of capacity and produced about 7 per cent of total electricity. The industrial establishments owned 
about 6 per cent of capacity and produced about 8 per cent of total electricity. Municipally owned 
utilities (involved mainly in distribution) accounted for the remainder6. 
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Nuclear 

The structure of the Canadian nuclear industry involves private and public enterprise. Both 
federal and provincial government corporations are involved. 

Atomic Energy of Canada Limited (AECL) is the federal Crown corporation responsible for 
nuclear research and development. It also designs and markets CANDU power reactors and related 
systems and services. 

The Atomic Energy Control Board (AECB), a federal regulatory agency, controls the 
development, application and use of nuclear energy. AECB also represents Canada in international 
regulatory activities. 

The provincial utilities which have nuclear power programmes - Ontario Hydro, Quebec 
Hydro, and the New Brunswick Electric Power Commission -- are provincial Crown corporations. In 
1990 nuclear provided 46 per cent of Ontario's electricity, 32 per cent of New Brunswick's, 3 per cent 
of Quebec's or in total IS per cent of Canada's electricity. 

The private sector provides the mining and processing of uranium, manufacturing and other 
support services. 

Decision process and criteria 

The decision process varies among provinces. Usually, a utility prepares and recommends a 
plan to the provincial government outlining how to meet the future demand for electricity. In several 
provinces the plan now goes through public review. It is likely that this review mechanism will be 
adopted by most provinces in coming years. 

A utility's plans reflect, and depend upon, the provincial resource base. Provinces with 
abundant hydro sources, like Quebec, British Columbia, and Manitoba, consider non-hydro options 
only for peak load. Nuclear is a base load option and is normally not considered by these provinces. 
Quebec (Hydro Quebec), however, has one nuclear station of 685 MW capacity. New Brunswick 
(New Brunswick Electric Power Commission) also has a nuclear station, which has 680 MW of 
capacity. In New Brunswick consideration has recently being given to the construction of another 
station (450 MW). 

In Alberta, coal is abundant and very cheap. Therefore, nuclear is a relatively costly option 
and has not been considered. Saskatchewan, which has large coal deposits but is short of cooling 
water near these deposits, and produces about 67 per cent of Canadian uranium output, is considering 
construction of a medium size nuclear plant. 

Ontario (Ontario Hydro) is the only province that has made a major commitment to nuclear 
power. It has 20 CANDU reactors in operation or under construction. The Ontario government, on 
November 20,1990 announced a moratorium on the construction of new nuclear generating plants in 
the province, beyond those now under construction. Public hearings are being held to review the 
options put forward by the utility for its future needs. The utility's recommended plan includes 10 
new nuclear units to be built over 25 years. The hearing and review process are likely to take 3 years. 
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Federal and provincial governments have established processes that are designed to measure 
and reduce the environmental consequences of electrical generation and transmission projects. 

In most provinces the utility is responsible for conducting an environmental assessment of its 
plans. In addition, federal government (Federal Environmental Assessment Review Office) requires 
an environmental review of all new nuclear generating facilities and uranium mines. The 
environmental evaluation, of options and plans, by utilities usually include the following criteria7: 

a) Natural environmental criteria 
resource use (non-renewable resources, land use, water use); 
emissions/effluent/waste (atmospheric emissions, aquatic effluent, solid waste 
production). 

b) Social environmental criteria 
socio-economic effects (regional employment, regional economic 
development, local community impacts); 
social considerations (social acceptance, special/sensitive groups, lifestyle 
impacts, distribution of risk and benefits). 

Economic impacts 

Accumulated investment in the nuclear industry (excluding mining and processing of uranium) 
as of 1989 was Cdn$ 24.7 billion. Of that investment about 18 percent was by the federal 
government, mainly for R&D activities. The remaining 82 per cent, was by the provincial utilities, 
85 per cent of which was contributed by Ontario Hydro. 

In 1991, about 30,000 persons were employed in the Canadian nuclear industry8. This is, 
however, a decline from historical levels. Between 1984 and 1988 on average over 40,000 persons 
(per year) were employed in this industry. Of this employment 95 per cent is within Canada*. 

Some studies10 show that the consumer prices of electricity in Ontario are close to 10 per cent 
less with the nuclear option than with the non-nuclear option. Another study9 shows that in Ontario 
the application of nuclear power resulted in a real electricity price increase of close to zero between 
197] and 1989. Prices of electricity in Ontario are among the cheapest in the world, (i.e for the large 
industrial rate: 4.2 Cdn«/Kwh in Toronto, 5.8 CdnC/Kwh in Paris, 7.2 Cdnt/Kwh in Detroit)". 
However, the cost of the new nuclear units is relatively high. In addition, the maintenance costs on 
existing units are also increasing. As a result a significant increase in Ontario electricity prices is 
expected over the next several years. 

The nuclear industry has a positive impact on the Canadian balance of payments. Canada is 
the largest producer and exporter of uranium in the Western world, with recent annual output in the 
order of 11,000 metric tonnes of uranium, accounting for about 33 per cent of total Western world 
production. Canada's annual export of uranium production is estimated at around 85 per cent of its 
total production10'2. Nuclear power reduces the need for importcd'eoal by about Cdn$ 1 billion per 
year. Since 1971, Ontario alone saved over $17 billion (1990 Cdn$) in foreign exchange by using 
uranium rather than coal. 
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The total (direct, indirect, and induced) impacts of $1 million expenditures in nuclear 
generation in Ontario are: $1.6 million in GDP, and 16.1 person-years of employment'. In 1990, the 
nuclear industry in Canada contributed more than $4.5 billion to the Canadian GDP. 

Applications 

The research component of the industry, originally developed for electricity generation, is now 
a multifaceted comprehensive infrastructure. It is, for example, engaged in the production and 
development of the following applications10: 

Cobalt 60 
industrial sterilisation of medical products; 
Cobalt cancer therapy machines. 

Radioisotope tracers 
nuclear medicine techniques; 
industrial measurements; 
industrial radiography and other non-destructive testing techniques; 
isotope labelling. 

High technology 
Basic research into the atom, biological effects, geology, health physics, 
reactor physics; 
university programs using Slowpoke research reactors (low power nuclear 
sources); 
design and operating expertise; 
nuclear station control computers and simulators; 
activation analysis. 

Tritium/Deuterium 
production, extraction and handling techniques; 
emergency signs; 
navigation aids, airport runway lights; 
fusion research. 

Public opinion 

The Canadian Nuclear Association has been polling the public on nuclear energy issues, twice 
yearly, since October 1987. These surveys indicate that the most important issue for Canadians is the 
environment. Slightly more than half of those polled feel the nuclear industry is "making the 
environment a priority", but the public is split on whether coal or nuclear has the least impact on the 
environment. 

Ontario Hydro polls show that in November 1985,57 per cent of Ontarians favoured nuclear 
power. In July 1986, after Chernobyl, this rating declined to 54 per cent and has hovered around 
50 per cent since then. 
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Other considerations 

If Ontario Hydro uses coal instead of nuclear energy, there would be an additional 300 
thousand tonnes per year of acid gas and 77 million tonnes of C02 emissions. This estimate is 
conservative in that it assumes that scrubbers would be installed on all of the coal stations10. In New 
Brunswick the avoided emissions due to the 680 MW Lepreau 1 nuclear station (as a substitute for 
coal generating facilities) are: 20,000 tonnes/day of C02 and 700 tonnes/day of S0 2 ' \ 
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Annex V111.2 

Federal Republic of Germany 

Structure of the industry 

The whole electricity supply industry in the Fedenl Republic of Germany (West-Germany) 
consists of the public electricity supply industry and the power stations used for self-supply by parts 
of manufacturing industry and the German railways. The most important role is played by the public 
electricity supply, with almost 86 percent of total electricity generation in 1990. It can be subdivided 
into the companies interconnected by the electricity network (interconnection-companies), which work 
on a scale exceeding the regional level, and numerous regional and municipal electricity supply 
companies. The public electricity supply is produced both by public and private companies as well 
as by mixed ownership operations. In 1989, 667 supply companies sold electricity to 31,5 million 
households, commercial establishments and industrial operations. 

The public distribution, transmission, and generation of electric power is principally undertaken 
by the eight interconnected companies of the Federal Systems. Their share of electricity supply in the 
area of public electricity supply covers 80 percent of electricity demand. The greatest part of the 
nuclear power plants is owned by these companies. In 1990, there were 20 nuclear power stations in 
operation with an output capacity of 22.4 GW, and with a power generation of 147.2 TWh. This 
corresponds to 38 percent of the total power generation from the public electricity supply. 

The essential nuclear industry consists of the suppliers of nuclear power plants, of nuclear 
fuels, of radioactive waste management and of other nuclear installations. The commercial nuclear 
power plants in the Federal Republic of Germany have been constructed, with only one exception, by 
a single manufacturer (Siemens-KWU). Generally, the basic materials for nuclear fuels are imported. 
The processing and the fabrication of nuclear fuels is mainly done in Germany. The reprocessing of 
spent nuclear fuels from German nuclear power plants is executed in France and United Kingdom. 
The radioactive waste thereby produced is sent back to Germany, and prepared for final storage. At 
present, investigations on the geological storage of radioactive waste are carried out by public 
institutions and private enterprises. It is planned to store the waste in a salt dome. 

Regulatory structure 

General remarks 

In Germany, electricity generation is highly regulated, in general. Specific regulations exist 
for nuclear power, taking into account the high risks of the technology for health and environment. 
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Within the decision process for a new power plant two general questions have to be answered: 

- Is it necessary for economic reasons? 
- Is the technological concept acceptable? 

The first question has to be answered with regard to energy policy arguments. The second 
has to take into account a multitude of technical, social and environmental criteria. These criteria are 
not static but dynamic depending on political decisions and the courts. Both are important in relation 
to the external effects of nuclear power, their assessment and intemaiisation. Only those external 
effects which are not accepted, i.e those which have a 'price' because legislation or the courts have 
decided to intervene or to regulate them, are considered external costs which have a direct or indirect 
influence on 'broad economic impacts'. 

Security costs and provisions against accident liability are internalised through plant specific 
security measures or insurance fees. These 'internal' costs of the power plants influence the 
investment decisions of electricity supply enterprises. But other measures, e.g public radioactive 
measurement systems and costs of the administration system, are paid for by government. Therefore 
variations in regulations and their handling in practice with regard to the intemaiisation mechanisms 
of external costs of benefits may explain differences of economic impacts of nuclear power between 
OECD countries. 

Regulation of the regional supply 

The public electricity economy of Germany is governed by a system of closed supply areas, 
which is an exception of the anti-trust principles in law aimed at a prohibition of competition-barriers. 
Therefore the public electricity supply utilities constitute localised monopolies. So-called agreements 
of demarcation regulate the marking-off and the attachment of these areas. The idea is to have only 
one company responsible for power supply within a geographically defined art-i. 

The agreements are concluded between utilities or between a utility and a municipality. They 
contain mutual declarations of obligation to rely upon a supply within the area of the contracting 
partner. Two kinds of demarcation can be distinguished. In the case of horizontal demarcation, 
beyond the area of supply of the interconnection-companies, no regional and local utilities or 
individual customers are supplied. Such agreements (self-obligations) are made by the large 
interconnection-companies. 

In the case of vertical demarcation interconnection-companies obligate themselves to regional 
and local utilities, which supply themselves with power mutually, not to sell power to customers in 
their utility areas. 

Following the fourth supplementary of the antitrust law of 1988 the temporary limitation of 
the length of utility area restriction-agreements, which are discharged from the antitrust prohibition 
(demarcation agreements and concession agreements), is fixed to 20 years at the most (section 103 a 1, 
Restrictive Trade Practices Act, GWB). This modification is intended to reduce competition barriers. 

With regard to the European internal market for energy there will be a breakdown of territorial 
monopolies to promote competition. However, up to now it is not clear when and to what extent such 
deregulation measures will be realised. 
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licence-procedure according to section seven nuclear law 

The participants of a licence-procedure according to Nuclear Law are basically the applicants 
(producers or operators) and the licence authority, which is established at a Federal State level. 
However, this authority is subject to the supervision and the orders of the Federal Minister for the 
Environment, Nature Conservation and Nuclear Safety. Several authorities at the central, federal state 
and municipal level, as well as experts, also take part at the licence-procedure of the Federal State 
Authority. Additionally, the public is entitled to take part in the procedure and to raise objections. 

The Federal Minister for the Environment, Nature Conversation and Nuclear Safety as supreme 
supervision authority also receives recommendations from experts, especially from the Radiological 
Protection Commission (Strahlen schutzkommission, SSK) and the Reactor Safety Commission 
(Reaktorsicher heitskommission, RSK). 

Section 7, para 2, Alternative 3 of the German Nuclear Law plays a special role in the course 
of licensing. This provision regulates, that a licence may only be given if, in accordance with the up 
to date level of science and technology, precautions have been taken against damage caused by the 
installation and the operation of the nuclear plant. The underlying rationale is the "principle of 
dynamic precaution for security'' (dynamische Sicherheitsvorsorge). It has been a point of discussion 
whether this regulation means that plants in operation have to undergo modifications if revised findings 
in the field of science and technology arise. 

Liability-regulation 

Electricity supply companies which operate nuclear plants are obliged to effect a liability, 
independent of indebtedness (Section 25, Nuclear Law, "Gefahrdungshaftung")- The amount of 
liability is limited up to 1 billion DM (section 31, para 1, Nuclear Law). Half of this amount is 
financed by the operators of nuclear plants; 200 million DM of this sum are covered by a liability 
insurance which the operators effect. The State is liable for the other 500 million DM (75 per cent 
by the State, 25 per cent by the Federal States where the plant is located). 

Decision process (participation of the public) 

The decree on the proceeding according to section 7, Nuclear Law provides for comprehensive 
public participation. Usually, the licence procedure is split up into several steps. It has been a matter 
of controversy whether further public participation is necessary if it was obtained during the preceding 
steps. Some jurisdictions claimed that essential modifications of a project compared with the planning 
published during an application will require fresh public participation. 

Because of the ler h of licensing- and construction-period and because of the possibilities 
open to take legal steps against licence decisions, there is increased likelihood that arguments will be 
made concerning die need to incorporate new concepts into the plant during construction. Partially 
to restrict these developments, section 7 of the Nuclear Law was modified in the early 1980s. It now 
contains, besides a reduction of the number of staged construction licenses, a definition of "public 
participation". 
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Models to estimate broad economic impacts 

General description and limitations of models 

As a consequence of the Chernobyl accident, several different strategies for an abandonment 
of nuclear power were analysed in the Federal Republic of Germany: involving a short, medium or 
long term substitution. There are about ten studies which used quantitative models to investigate the 
broad economic impacts of nuclear power. The results differ with regard to the methodologies, 
substitution strategies, technological, economic and political assumptions. 

The ifo Institute itself has presented a model (1) to estimate the economic impacts of the use 
of nuclear power and to forecast the consequences of its abandonment. The model refers to the 
Federal Republic of Germany and to the Federal State of Bavaria. An input-output model is an 
integral part of the German model. The ifo model can be classified as an "empirical-analytical" model, 
similar to the models presented by DIW and PROGNOS (2)(3). It differs from other models which 
either are pure input-output or pure qualitative models. 

Pure quantitative econometric models which are based on developments in the past cannot take 
into account strong political interventions which will lead to structural changes with regard to 
consumption, investment, production and technical progress. Therefore it is necessary to simulate 
these changes on the basis of assumptions which depend heavily on the personal view and experience 
of the model builders. That is why a broad spectrum of different economic impacts of nuclear power 
abandonment has been investigated. 

General results 

One central assumption in case of an abandonment of nuclear power depends on the 
substitution strategy and the length of the substitution process, e.g supply or demand side oriented 
strategies and their interrelations. In the ifo study it was decided that a mixed strategy would be the 
most realistic one. From the viewpoint of the mid 1980s there were possibilities of using existing oil 
and gas power plants to substitute for nuclear power in the short term. In the medium term new hard 
coal power plants would have had to be built, for economic reasons, to substitute not only for nuclear 
power bui also to reduce the use of oil and gas for electrical generation. It was assumed that on the 
basis of imported hard coal the price and cost effects of an abandonment of nuclear power would be 
reduced to a minimum in the longer tprm. That is why the derived broad economic impacts seemed 
to be relatively low. 

However, from today's viewpoint it is questionable if such a substitution strategy could be 
accepted because of the necessity to reduce the use of fossil energy. Therefore energy saving 
strategies are afforded a high priority. It depends on personal judgement how efficient that strategy 
can be. Price incentives and technical progress are necessary to reduce energy consumption. But if 
one takes into account the impacts of the oil price shocks in the past, there must be further 
interventions, e.g. political and administrative regulations, to stimulate greater energy saving. 
However, there are strong limitations to political interventions of national governments if there are no 
international agreements. 

From an economic vie* point the study concluded that the broad impacts of nuclear power are 
positive with regard to growth, employment, price stability and security of energy supply. But they 
seem to be relatively low on the macroeconomic level if one assumes that there are substitution 
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possibilities of nuclear power at a national level. In the German studies it was assumed that other 
countries, e.g France, Great Britain, USA, Japan and the USSR, will continue using nuclear power. 
Therefore the substitution of nuclear power in Germany and in other smaller countries, e.g Sweden, 
would not have important repercussions on the world energy market. This raises the question of 
whether it is really reasonable to abandon nuclear power in a single country if the "neighbour" accepts 
the risks but gains the benefits of that technology, too. The broad economic impacts of an 
hypothetical abandonment of nuclear power worldwide have not been investigated yet. 

External costs of electrical generation 

Brief synopsis of the results of the study: EXTERNE KOSTEN DER STROMERZEUGUNG 
by IKE, Stuttgart; Temaplan, Boblingen - Wien; ifo Institute, Munchen, 2 Ed., Frankfurt am Main, 
1990 (VWEW-Verlag). 

Definitions 

External costs are all costs of electrical generation which arise from the technology and are 
not paid by the producer of electrical energy but by others. 

Total costs (Nuclear Power = 1) (See figures A8.2.1 to A8.2.4) 

Electrical generation by: 

1) Nuclear power 

2) Hard coal 

3) Wind converter 

4) Photovoltaic 

Full load 
7000 h/a 

1.0 

1.9 

3.3 

...205, J 

Full load 
4000 h/a 

1.0 

1.6 

2.5 

14.9 
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Total external costs (in per cent of total costs; max. in 1988). 

Electrical 
Generation by: 

1) Nuclear 
Power 

2) Hard Coal 

3 Wind 
Converter 

4) Photovoltaic 

Full load 
7000h/a 

7.9 

7.5 

2.7 

Full load 1 
4000h/a I 

5.7 I 

6.6 1 

1.5 1 

.8 1 .8 

1 
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Specific external costs 

In the above mentioned study it was decided that the costs of a hypothetical accident of a 
nuclear power plant, which exceed the effects covered by insurance should be seen as 'potential* 
external costs. The costs of governmental R&D promotion and other subsidies were identified, too. 

Units 0.01 DM/kWh in 1988 DM 

I Electrical generation by: 

1 Nuclear 
1 power 

Health 02-.06 

Hypothetical 
Accidents .01-.07 

Hard 
coal 

.18 

-

Wind 
converter 

.02.05 

-

Photo
voltaic 

.06-.09 

Environment 

- Forest - .19 

1 - Noise 

1 - Animal world 

| - Vegetation 

- Matter 

-R&D 

- Subsidies 

Total .5 

-

-

-

-

.45 

.03 

-.61 

-

.002 

.02 

.05.08 

.06 

.58 

1.08-1.12 

.01 

-

-

-

.17-.34 

. 

2-A 

-

-

-

-

.5-1.25 

_ 

.6-1.3 
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Figure A8.2.1. Current electricity cost including external costs 
(High Range) 
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Cost comparison per kWh for different energy systems including external costs for a full load demand of 7000 hours. 
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Figure A8.2.2. Current electricity cost including external costs 
(Low Range) 
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Figure A8.2.3. Current electricity cost including external costs 
(High Range) 
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Cost comparison per kWh for different energy systems including external costs for a full load demand of 4000 hours. 
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Figure A8.2.4. Current electricity cost including external costs 
(Low Range) 
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Annex VIII.3 

Finland 

Electricity supply in Finland 

In the beginning of 1991, Finland's available electricity supply capacity amounted to 13,970 
MW. In this amount, the share of hydro power was 2310 MW, nuclear power 2310 MW, other 
condensation power 2920 MW, and back-pressure power 3560 MW. The remainder was peak power 
and imported electricity. There are almost 400 power plants in Finland, half of which are hydropower 
plants. This means that electricity supply is quite decentralised. About 150 companies are involved 
in electricity production. 

In recent years, the shares of the largest electricity producers have remained more or less 
unchanged. The state-owned power companies on the one hand, and industry and private power 
companies on the other, both produce over 40 per cent Municipal and other distribution companies 
account for less than 20 per cent. 

The wholesale of electricity is primarily entrusted to two companies: the state-owned IVC 
Power Company, and the Industrial Power Transmission Company, which is owned by industry. The 
IVO Power Company owns about 70 per cent of the national grid. 

There are two nuclear power companies in Finland: the IVO Power Company which owns two 
VVER-reactors (capacity 445 MWe) and the Industrial Power Company with two BWR-reactors 
(capacity 710 MWe). The four units started their commercial operation during the period from 1977 
to 1982. Nuclear power plants generated 35 per cent of the electricity produced in 1990. 

Decision process and supervision of the use of nuclear energy 

The Finnish electricity supply and the operations of the relevant undertakings fall under the 
Electricity Act. A construction permit prescribed by the Electricity Act is needed for the building of 
power plants of 250 MW and above, except for nuclear and hydro power plants, which are governed 
by specific laws. The permits are granted by the Council of State for building projects which are 
necessary for the safeguarding of national electricity supply and appropriate from the point of view 
of the development of the national energy economy. 

The legal framework for the supervision of the use of nuclear energy in Finland mainly 
comprises the Nuclear Energy Act, the Radiation Protection Act and the Nuclear Liability Act as well 
as those international treaties on nuclear energy to which Finland is a signatory. 

The Nuclear Energy Act as well as the most important decrees concerning its application came 
into force on March 1st, 1988. The new Act replaces the outdated Atomic Energy Act of 1957. The 
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aim of the new Act was to enhance the democratic nature of the decision-making on nuclear energy, 
to make safety regulations statutory, to clarify the distribution of competence between various 
authorities, and to provide legislation on nuclear waste management. Still another aim has been to 
specify the obligations of the concessionaire to ensure the safety of nuclear power plants. 

The permits required for the construction and operation of all nuclear facilities are now issued 
by the Council of State; under the old Act the issuing authority was the Ministry of Trade and 
Industry. Parliament is also involved in the decision-making process. Before an application for the 
construction of a nuclear power plant can be made, the Council of State shall have made a decision 
in principle that a nuclear plant of considerable general significance is to the overall benefit of society. 
After this, Parliament decides whether this decision in principle is to be endorsed or revoked. 
Moreover, before consideration is given to the decision in principle, the inhabitants and municipalities 
as well as local authorities in the surrounding areas of the intended power plant are asked for their 
opinion. The municipal councils have an absolute right to veto the construction of a nuclear facility 
in their municipalities. 

The Council of State also issues permits for mining or enrichment operations intended to 
produce uranium or thorium. At present, there are no uranium mines in Finland. 

The new legislation prescribes supervision of nuclear waste management and economic 
provision in a detailed manner. The nuclear power company is obliged to raise in advance the funding 
required in the future for waste management. The Nuclear Waste Management Fund which is not 
included in the State Budget has been established to realise the economic provision. The Fund is run 
by the Ministry of Trade and Industry and the contributions collected from tfie power companies are 
transferred into the Fund. As the nuclear power companies incur expenses, they may withdraw money 
from the Fund. The waste management cost amounts to about 10 per cent of the production of nuclear 
electricity. 

The other two acts concerning nuclear energy are the Radiation Protection Act and the Nuclear 
Liability Act. The Nuclear Liability Act specifies the compensation to be paid for nuclear damages 
to third parties. Finland belongs to the system for compensation of nuclear damages agreed upon 
among the West European countries. 

Macroeconomic effects of nuclear power in Finland 

In the following the macrocconotnic effects of a new 1000 MW nuclear power plant are 
analysed by means of FMS model system. For comparison, a reference scenario of Finlands economic 
development to the year 2005 is set. In the reference scenario the yearly rate of economic growth is 
2.5 per cent. In the electricity production it is assumed that nuclear and hydro power production are 
at their present levels and that the needed additional condensation power is produced by coal. In a 
nuclear power scenario a new 1000 MW plant is added to the present nuclear power capacity so that 
the nuclear power substitutes for condensed coal power. 

The investment cost is estimated to be 8 billion FIM for a 1000 MW nuclear power plant and 
correspondingly 4.5 billion FIM for a 2x500 MW coal power plant at the 1991 summer price level 
(see: STYV-S report 3/91). 

The real prices of the imported energy sources are assumed to increase 20 per cent for coal 
and 10 per cent for nuclear fuel from their present levels to the year 2005. 
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In model simulations two cases are analysed. First, pure macroeconomic effects of the nuclear 
power plant and second, macroeconomic effects, when the energy system in constrained by the target 
of freezing the CO, emissions. 

Outcomes 

The pure case results are shown in Table 8.3.1 

Table 8.3.1 The effects of nuclear power plant to the macroeconomic 
activity levels in the year 2005 

Money units billion FIM in 198S prices 

References Nuclear N/R per cent 

Private consumption 
Public consumption 
Private investment 
Public investment 
Export 
-Import 

GDP 

Employment 
(billion hours) 

Energy import 

Primary energy (Mtoe) 
Electricity (TWh) 

321.8 
115.9 
95.7 
13.7 

191.3 
184.8 

555.1 

3.60 
21.3 

39.8 
82.1 

C02 (million tonnes) 78 

322.7 
116.4 
96.3 
13.8 

191.4 
184.7 

557.4 

3.61 
20.8 

39.9 
82.3 

71 

.3 

.4 

.6 

.7 

.1 

.0 

.4 

.3 
-2.4 

.3 

.2 

-9.0 

The nuclear power scenario is slightly favourable for the economy: the GDP increases 
0.4 per cent. The sensitivity analysis has shown, however, that the favourability is rather robust for 
the estimates of investment costs of the plants and for the fuel price assumptions. 

The favourable effects are based partly on the increase in the competitiveness of Finnish 
exports, but mostly on the diminished bill for imported energy. In this case the equilibrium for the 
economy is at a higher level of economic activity. The energy consumption of the economy increases 
less than the GDP because the increase of the economy is directed more to domestic demand 
components, and the specific energy coefficients of exports are on the average higher than energy co
efficients of the domestic demand components. 
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In the nuclear scenario CO, emissions have reduced by 9 per cent. 

The simulation results of achieving the target of freezing C02 emission to the level of the year 
1988 (S3 million tonnes) are shown in the Table 8.3.2. The Reference scenario is the earlier one, 
where there is no emission constraint and the nuclear capacity is at the present level. Under the CO, 
target, in the Cottl scenario, the nuclear power capacity is at the present level, and in the Nuclear 
scenario a 1000 MW nuclear power plant is added. In both cases, the C02 freezing target is achieved 
by means of a COz tax on energy. In the Coal scenario, the tax rate of 700 FIM/CO, tonne is needed, 
and in the Nuclear case a 500 FIM tax rate. 

Table 8.3.2. The effects of C02 emission target to the macroeconomic activity levels in coal 
and nuclear scenarios in comparison to the reference scenario in the year 2005 

Money units FIM 1985 prices 

C02 - target 

References Coal Nuclear N/R per cent 

Private consumption 
Public consumption 
Private investment 
Public investment 
Export 
-Import 

321.8 
115.9 
95.7 
13.7 

191.3 
184.8 

298.3 
133.1 
79.8 
19.0 

182.4 
172.4 

309.3 
129.4 
87.1 
17.9 

186.4 
177.1 

-04.2 
11.2 

-09.6 
29.7 

-02.6 
-04.1 

GDP 555. 541.3 554.1 -.1 

Employment 
(billion hours) 

Energy import 

Primary energy (Mtoc) 
Electricity (TWh) 

C02 

(million tonnes) 

359.9 
21.3 

39.8 
82.1 

78 

3590 
17.0 

32.6 
68.5 

53 

3632 
17.3 

34.6 
71.8 

53 

0.9 
-16.8 

-13.3 
-12.8 

-32.1 
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In the Coal scenario the level of GDP has decreased 2.S per cent, and in the Nuclear case only 
slightly, 0.1 per cent. Also under the C02 emission constraint, the level of GDP is 2.4 per cent higher 
in the Nuclear case than in the Coal case. 

The reasons for the results are based mostly on the fact that the C02 tax burden of the 
exporting industries, which are energy intensive in Finland, is lighter in the Nuclear case and so the 
losses of the competitiveness of exports are less than in the Coal scenario. The lightness of the tax 
burden in the Nuclear case is based on two factors: first, the tax rate needed for achieving the emission 
reduction target is lower, and secondly, the C02 content and so the tax base of the electricity is less 
than in the coal case. 

Both of the COz target scenarios have increased public consumption and investment. This is 
because in simulations other taxes are not compensated for increased public sector incomes from CO: 

tax. 

FMS model system - a short review 

The FMS model (the Finnish long range Model System) is an econometric multisectoral long 
term equilibrium model at a national level. It has been developed at the Department of Economics 
of University of Oulu in the first half of the eighties. Nowadays the model has dated and transferred 
to the microcomputer A PL-plus environment. Development work for introducing sophisticated energy 
and environment sectors to the model is in progress. 

The FMS model has 30 industries, 23 types of households consumption goods, 10 sources of 
primary energy. The model consists of about a thousand equations, of which about 110 are 
cconometricaily estimated from lime series. Moreover, as it is the case especially with energy sector, 
the behaviour of some part of the variables is controlled by technological knowledge of possibilities 
and their costs and by rational decision rules. 

The FMS is an equilibrium growth model: it is solved in the chosen end year in such a way 
that the saving and investment at the macroeconomic level are equal. An iterative search algorithm 
has been developed, since the model system is hasje^.'y nonlinear. 

Relative price effects are important in energy analysis generally and particularly in the analysis 
of the effects of economic policy alternatives. So the price block of the FMS is rather sophisticated. 

In the energy block of the FMS system energy flows are measured in energy units, joules. 
At first, for the consumption of energy, there are 9 types of energy: 1) coal, 2) peat, 3) transportation 
fuels, 4) fuel oils, 5) natural gas, 6) wood, 7) waste fuels, 8) electricity and 9) industrial and district 
heat. The last two secondary energy types are reduced to primary sources in the energy production 
part in which to the first seven fuel types three more primary sources are added: 8) nuclear power 9) 
hydro power and 10) imported electricity. 

The foundation stones in the consumption of energy arc industrywide energy input coefficients 
(joulc/FIM of gross product). The changes in the energy coefficients arc fed back to the changes of 
the relations of the monetary measured variables in the pure economic part of the model. In this way 
the changes in the energy world are led to changes in prices, to the demand of the energy producing 
industries and to the energy import in monetary terms. 
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In the energy production module the electricity and heat production are divided into four basic 
station groups: 1) conventional condensation power, nuclear and hydro power, 2) industrial combined 
electricity and heat stations and pure heat stations, 3) communal combined electricity and heat stations 
and 4) communal pure heat stations. Inside each station group the use of primary energy is classified 
according to the primary energy source classification. 

The energy production module is handled in the runs of the model as follows. In the start, 
the base capacities of the station groups are determined in terms of their primary energy use. It has 
also been defined, which energy sources are applied in the final balancing of the demand and supply 
of electricity and heat. The balancing works so that first the heat consumption which comes from the 
consumption side of the energy sector also determines the production of combined electricity. The 
differences between consumed electricity and electricity produced by the base capacity plus change 
in the combined electricity is produced in condensation power plants with chosen energy source. 
Typically this energy source is coal. 

The structure of the energy production module has its merits, however there are sorac 
important defects. There are no price elasticities of the chosen energy sources inside the production 
model. Also the emission control possibilities and costs in the energy producing stations need more 
sophisticated handling. The development work with these mechanisms has been started. 

The consumption side of the end energy has rather sophisticated mechanisms. The 
mechanisms have been developed when using the FMS model in a substudy of "The energy 
conservation project'' of the Ministry of Trade and Industry of Finland. 

In the energy conservation project, large studies were carried out in estimating the energy 
saving potentials and costs in several industrial and other energy using sectors. The energy groups 
used in the study were 1) electricity, 2) industrial heat, 3) industrial fuels 4) space heating and S) 
transportation fuels. 

The data of the conservation project are used in the FMS model as a price elasticity 
mechanism of the energy consumption. 

Let us define 

Sjjk = energy saving potential in the industry i of the energy group j with the saving object 
k as a ratio to the use of the energy group in the industry; 

ijji, = investment cost of the saving object per saved energy unit; 

Pij = the price of the unit of the energy group j to the industry i; 

T = the life time of the investment; and 

r = the discount rate in energy saving decisions. 

The realised total saving ratio of the energy group j in industry i is according to the annuity method: 

1) g,j(p,r)-(EkSijk | ^k(rH-r)T/(l+r)T-l)<Pjj} 
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Let 

eij = original energy input coefficient of the energy group j in the industry i (energy/gross 
product); and 

x, = the gross product of the industry. 

Then, the consumption of the energy group j in the industry i is after the realised savings: 

2) e^U-S^p, ! - )*^ 

and the needed investments to the energy saving are: 

3) ^(E^SjjlOejXj 

where k goes over the realised saving objects. 

The effects of energy or emission taxes go via price of the purchased energy pij in the equation (1). 

Let 

Pjj = original price of the energy unit; 

cSj = CO,-cmission coefficient of the energy group j of the industry i; 

t<-o:= C0 2 emission tax per emitted C02 unit. 

The price of the energy group is then after C02 tax: 

<) Pij(tc02)=(I+tc02C'J)P,j 

The effects of the investment subsidies can also be introduced analogously to the saving realisation 
conditions in equation (1) so that they affect the investment cost term i. 

(t is important to note, that the energy saving rule in equation (1) is basically the same as according 
to the marginal cost principle: the energy saving potentials are realised as long as the increased costs 
of the additional savings arc not higher than the benefits of them. Because the data are discrete, the 
condition here is defined in inequality form. 
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Annex VIII.4 

France 

Overview 

The decision for large scale industrial development of nuclear electricity production in France 
was taken at the start of 1970s. This decision was motivated by strategic and technical considerations. 
With limited fossil fuel resources France had reached in 1983 a level of dependence on imported 
energy exceeding 75 per cent. Against this the level of uranium reserves known at that time were 
considerable and possession of nuclear technology, both for reactors and fuel cycle, provided an 
industrial base which guaranteed France a period of independence in supplies of nuclear fuel. The 
penetration of nuclear energy for the production of electricity equally justified itself by its economic 
competitiveness, marginal at the start, then greater following the oil shocks and their effects on coal 
and imported hydrocarbon prices. 

The structure of the French nuclear industry was largely determined in the nationally specific 
context of the objective of energy independence that would follow from a nuclear electricity 
programme. The CEA, the government research organisation, possessor of very diversified 
technological expertise covering all aspects of nuclear energy, played a major role in research and 
development. The national electricity company, EDF, in charge of running power stations assumed 
also responsibility for the study of the choice of plant, its construction, engineering and maintenance, 
and the management of fuel supply. The constructor of nuclear boilers, Framatontc, ensured the 
provision of standardised pressurised water reactors, destined primarily for the French market, and 
entered the international market by furnishing nuclear plants overseas (9 tranches exported to 4 
countries). The electric equipment was furnished by GCE-Alsthom. Finally, the materials and services 
of the fuel cycle, from the supply of uranium to the end of the cycle, are furnished by Cogcma, a 
wholly owned subsidiary of CEA, in association with Pechiney for some services. The management 
of waste is placed under the responsibility of the National Waste Agency, ANDRA. This structure 
was characterised by the concentration of participants in a very limited number of large projects in 
v/hich state funding predominated. As a result decisions can be centralised and the means of action 
co-ordinated at the national level. France has expended considerable industrial effort on the 
construction, bringing into service and exploitation under the conditions of quality and safety required, 
power stations and fuel cycle plant. The impact of France's nuclear programme on the national 
economy has spread beyond the strict boundaries of the industrial development of the sector and its 
direct economic advantages. 

The production of cheaper electric energy has permitted the management and the stabilisation 
of electricity costs in France, bringing better competitiveness for French industry with large energy 
consumption in internal and international markets. It has contributed to the penetration of electricity 
in overall energy markets and, on this basis, to the amelioration of global energy constraints. It has 
equally led to an increase in the export of electricity to neighbouring countries; a factor in rc-
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establishing the energy balance. About 40 TWh of electricity are exported annually by France since 
the end of 1980s, representing an estimated supply equivalent to some 6 to 8 billion francs each year. 

The savings in fossil fuel imports have risen to some 60 million tonnes of oil equivalent per 
year which improves the energy balance and the balance of payments so that the French economy is 
less sensitive to possible fluctuations in the price of oil in particular. This was demonstrated during 
the recent crisis in the Gulf. 

The French nuclear industry contributes other exports in addition to electricity, by the sale of 
nuclear plants by Framatone and by the maintenance services furnished by this company and also by 
the commercialisation of fuel cycle services by Cogema. Thus in total the contribution to exports of 
the French nuclear sector has risen to 17 billion Francs by 1988, contributing to the overall balance 
of payments. 

The realisation of the nuclear programme has led to significant employment, to the extent that 
the national industry has contributed above 85 per cent of the added value resulting from the 
construction of power stations. At the end of the 1980s about 160,000 people worked directly on the 
nuclear programme, some 70,000 for the construction of power stations. If indirect employment is 
added this rises to a total of 300,000 employed, represen ;ng 1.3 per cent of the French working 
population. It is to be noted that the nuclear sector requins principally qualified manpower with 
relevant skills and creates a growing base of human expertise. It is true that the main nuclear markets 
are concentrated in a limited number of companies but it must not be forgotten that sub-contracts 
create a base of small and medium enterprise. The creation of employment has affected the whole 
fabric of French industry and a voluntary strategy of local recruitment has enabled the different regions 
of France to become beneficiaries of the effects following the nuclear programme. 

The total activity generated by the nuclear programme amounts to about S per cent of the 
industrial production of the country; the fabrication of components, construction activities, the 
operation and maintenance of power stations and fuel cycle plants are found in all parts of France and 
have helped also in local industrial development. One can cite as an example that the impact of 
nuclear power on the development of the Rhone-Alps region, but many other regions have benefitted 
in diverse ways from a spin-off from the programme. 

Finally, it is not least of the impacts of nuclear programme that the substitution of primary 
electricity, nuclear and hydraulic, for fossil fuels has led to a reduction in atmospheric pollution arising 
from the production and consumption of energy. This reduction has been estimated at about 
20 per cent for sulphur oxides and nitrogen oxides and at more than 50 per cent for carbon dioxide. 

Economic and environmental consequences of the French nuclear programme: 
principal results 

The information contained in this note comes from the study referred to in reference 80 of the 
main text. 

Data available prior to application of the model 

In 1973, France's energy independence amounted to 22 per cent; it is now 47 per cent. 
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In 1989, exports by the nuclear sector alone earned France the equivalent of FF 20.6 billion 
(FF 8.2 billion in electricity exports by EdF and FF 12.4 billion through the nuclear activities of 
Framatome and Cogema). 

In 1989, the French nuclear programme directly employed 160,000 people; including jobs in 
related sectors, the total rises to 300 000 people or around 1.3 per cent of the active population. 

From 1970 to 1993 investment in the French nuclear power programme will have amounted 
to FF 460 billion, which includes FF 100 billion invested in the fuel cycle. 

The results of the Melodie Model 

Macroeconomic impacts 

Had France not proceeded with its nuclear power programme, it would have had to generate 
its electricity by means of coal-fired plants equipped with 90 per cent efficient FGD systems. 

Compared with the nuclear programme, a programme based on coal-fired plants would have 
resulted in the following: 

in 1989, a fall in domestic electricity generation of almost 90 TWh (i.e. 23 per cent) 
and of merely 24 TWh (i.e. 8 per cent) in final electricity consumption in France 
(excluding both electricity consumed by the power sector and that exported); 

domestic consumption of fossil fuels almost 63 Mtoe above the present level, 
accounted for mostly (about 58 Mtoe) by coal used to generate electricity; 

higher electricity prices, resulting in a loss of purchasing power of about 0.8 per cent 
at today's prices and 1.2 to 1.9 per cent by the year 2000, depending on projected coal 
prices; 

a significant fall in household consumption (-0.9 per cent in 1990) and activity 
(-1.3 per cent in 1990), together with 100 000 fewer jobs; 

a sharp increase in the energy bill (+FF 30 billion in 1990); 

a substantial deterioration in the balance of payments: an additional cumulative deficit 
of FF 100 billion for the period 1981-1990 and FF 190-230 billion (depending on 
projected coal prices) for the period 1991-2000. 

Environmental impacts 

The installation of efficient FGD systems under a coal-buming programme would produce 
merely a modest increase in sulphur dioxide emissions (+18 per cent) compared with current emission 
levels. 

In contrast, carbon dioxide emission levels would be 230 million tonnes higher than they arc 
at present (387 million tonnes a year in 1989), i.e. an increase of 60 per cent. By the year 2000, the 
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gap would have widened to 310-340 million tonnes a year. The cumulative result over the next twenty 
years would amount to over 60 billion tonnes of carbon dioxide. 

Conclusion 

The impact of a France with no nuclear power programme would be equivalent to that of an 
oil shock, with oil prices rising irreverisbly from 20 to 30 dollars a barrel. 

Current carbon dioxide emission levels are around 27 per cent lower than they were in 1973. 
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Annex V11I.5 

Japan 

Regulatory structure 

Nuclear power development in Japan has been promoted based on the Atomic Energy Basic 
Law. This Basic Law, which was enacted at the 23rd extra session of the Diet in December 19SS, 
prescribes that the research , development, and utilisation of nuclear power should be restricted to 
peaceful purposes and should be carried out democratically and autonomously while ensuring safety. 

The Japan Atomic Energy Commission (JAEC) which is established under the Basic Law has 
the authority to plan, to deliberate, and to decide important policies relevant to research, development, 
and utilisation of nuclear power. The Nuclear Safety Commission (NSC) in charge of safety-related 
matters has been established, through partial amendment of the Basic Law and relevant laws on 
October 4,1978, so as to separate administrative authority for development and that for regulation both 
of which had belonged to the JAEC until that time. 

The regulation of nuclear reactors and relevant facilities is carried out based on the Law for 
Regulation of Nuclear Source Material, Nuclear Fuel Material and Reactors and the Electric Utility 
Industry Law. The regulatory structure is described below by taking a set of procedures of licensing 
of power reactors and permission for their installation as an example. A utility which intends to install 
a power reactor submits a licensing application to the authorities concerned (to the Minister of 
International Trade and Industry in the case of power reactors). 

The utility must have in advance authorisation of its plan as the Electric Power Development 
Plan through the Electric Power Development Coordination Council. It must also gain consent from 
local citizens through public hearings. The licensing application submitted is then subject to a dual 
inquiry by die authorities, i.e. by the Ministry of International Trade and Industry (MITI) and by the 
JAEC and the NSC. The Japan Atomic Energy Commission examines the plan to ensure that it is 
restricted to peaceful purposes, is planned deliberately, and has a sound financial basis. The Nuclear 
Safety Commission examines the technical and safety aspects of the development plan. The 
Commission also holds the second public hearing. The permission for installation is given after the 
dual inquiry. 

After the permission for installation, the utility must have a permission for the construction 
plan and various inspections relevant to construction (inspection of fuel assemblies, inspection of 
welding, and inspection before use). The utility is requested to prepare safety rules, to submit 
operation schedules and a management plan for nuclear fuel materials at the start of plant operation, 
and also to carry out periodical inspection, in-situ inspection for safeguards, and others after the start. 
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Structure of the industry 

The electric power utilities in Japan are classified, based on the Electric Utility Industry Law 
(the Law No. 170 enacted in 1964), into those that provide electricity to customers in certain service 
areas (called the general power utilities) and those that wholesale electricity to the general power 
utilities without having retail service areas (called the wholesale power utilities). The former consists 
of the nine electric power companies, represented by the Tokyo Electric Power Company or the Kansai 
Electric Power Company, and the Okinawa Electric Power Company. The latter involves corporations 
such as the Electric Power Development Company, the Jap#i Atomic Power Company, or twenty 
joint-venture power utilities, and municipal power utilities (34 power utilities owned either by 
prefectures or by cities). 

Total electric generating capacity in Japan was 168.0 GWe in" March 1990. Electric energy 
output in the fiscal year ending March 1990 was 704.7 TWh. Total supply by the general power 
utilities (number of employees 143,193 and that in a nuclear sector 8,776) including power purchased 
from wholesale power utilities is 675.9 TWh, of which 613.3 TWh is sold to customers through 66.4 
million contracts. Nuclear power capacity is 29.44 GWe corresponding to 17.S per cent of total 
generating capacity. Electric energy output by nuclear power plants is 181.8 TWh comprising 
25.8 per cent of total output. 

Among financial records of the general power utilities, total revenue in the fiscal year to 1990 
was 12.1 trillion yen, of which 96.5 per cent comes from electricity sales. Total expenditure amounted 
11.9 trillion yen, 16 per cent of which was spent for depreciation, 17 per cent for fuels, 11 per cent 
for repairs, 10.8 per cent for personnel costs, 11.5 per cent for payment of interest. Average unit price 
of electricity was 19.23 yen/kWh. The expenditure relevant to nuclear power was 1.63 trillion yen 
corresponding to 13.7 per cent of total expenditure. The dominant item of expenditure was 
maintenance cost which accounted for 41.6 per cent of the total followed by construction cost with 
a share of 34.4 per cent. This pattern of expenditure has emerged recently and will continue in the 
future. 

The nuclear industry in Japan consists of following five groups: the Mitsubishi Group with 
25 enterprises, the Tokyo Atomic Industrial Consortium with 22 enterprises, the Nippon Atomic 
Industry Group with 34 enterprises, the First Atomic Power Industry Group with 22 enterprises, and 
the Sumitomo Group with 39 enterprises. Total amount of sales by the nuclear industry in the fiscal 
year to 1990 was 1728 billion yen, marking the highest figure ever. The sales were divided by 
sections into reactor equipment and materials (50.5 per cent), other equipment (21.3 per cent), civil 
engineering and construction (11.1 percent), fuel cycle (11.2 per cent), turbines and generators 
(3.1 per cent), and radioisotopes and radiation equipment (2.8 per cent). It can be also divided by 
clients into power utilities (64.3 per cent), the Government (19.5 per cent), mining and manufacturing 
industries (12.8 per cent), private universities and hospitals (2.6 per cent), and exports (0.8 per cent). 
The amount of investment on research and development was 87.7 billion yen, 5.1 per cent of the total 
sales. 

The share of equipment used in nuclear plants produced by domestic manufacturers has 
increased year by year. Typical recent examples show 99 per cent in a monetary term such as that 
in the Tomari Power Station commissioned in June 1989 or in the Kashiwazaki Kariwa Power Station 
commissioned in September 1985. 
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Decision process used 

Nuclear power development in Japan is promoted based on the Long-Term Programme for 
Development and Utilisation of Nuclear Energy in conformity with the Long-Term Outlook for Energy 
Supply and Demand decided by the Advisory Committee on Energy, an advisory committee to the 
Minister of International Trade and Industry. The Long-Term Programme defines the guideline and 
the scheme for promoting the basic measures related to the research, development, and utilisation of 
nuclear energy based on the long-range standpoint of the implementation of nuclear energy policy. 

The Long-Term Programme defines, as the significance of the development and the utilisation 
of nuclear energy, that nuclear energy opens the way to solve the problem of assuring a stable supply 
of energy and it also contributes to alleviating environmental problems. As basic philosophy for the 
development, the Long-Term Programme sets the major premises as being strict adherence to the 
principle of peaceful uses and assuring safety. As basic objectives of the development and utilisation 
of nuclear energy, the Long-Term Programme prescribes the establishment of the position of nuclear 
power as a key energy source, the development of innovative science and technology, and the 
contribution to international society. 

Important tasks for promoting the development and utilisation of nuclear energy are safety 
research (engineering safety research, safety research on environmental radioactivity, safety research 
related to the treatment and disposal of radioactive waste), development of power reactors and nuclear 
fuel cycle technologies while promoting steadily the strategies "from light water reactors to fast 
breeder reactors" and "reprocessing and recycling", expansion of research and development in the 
creative and innovative area of nuclear energy through efficient promotion of leading projects such 
as nuclear fusion or the direct utilisation of nuclear heat, and strengthening the foundations of 
development and utilisation of nuclear energy. 

The revision of the Long-Term Programme is an important process of policy making and 
systematic discussion in held by both the Government and the private sector throughout the course of 
revision. The discussion incorporates the comments and requests not only from industries, academic 
societies, and administrative sectors but also from the public including mass media and consumer 
groups. Thus the significance, basic objectives, and important tasks of the development and utilisation 
of nuclear energy are re-examined and updated. 

Criteria in decision process 

"Best mix of energy resources" is a basic criterion in the decision process for establishing 
energy policy in Japan. In the past, economics and stable supply of energy resources, focusing on 
energy security, were basic decision criteria. However, with indications of emerging global scale 
environmental problems, "construction of appropriate energy supply structure" has been incorporated 
into the decision criteria in addition to "efficiency improvement of energy utilisation". 

The basis of the decision criteria for nuclear energy is to develop it as a semi-domestic energy 
source taking its advantages of stable supply, price stability, and alleviation of environmental impacts, 
while restricting its use to peaceful purposes and ensuring its safety. In order to strengthen this 
foundation, counter-measures are essential for assuring the safety, for developing the backend of 
nuclear fuel cycle, and for improving the siting of new power stations. Also required are more active 
public relations in order to get social acceptance. 
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Broad economic impacts 

The amount of nuclear-related sales by the mining and manufacturing industries is as described 
above 1728 billion yen in the fiscal year to March 1990, up 18 per cent over the previous year and 
corresponding to 0.22 per cent of the total amount of production by all of industry. The amount has 
increased during two successive years. The amount of nuclear-related investment by the above 
industries is 117.8 billion yen comprising 0.16 per cent of the total amount of investment by all of 
industry. 

According to the input-output analysis on the production induced by investment in nuclear 
power generation for the year 1985, the amount of production induced is 2.59 times the amount of 
investment. Industries with large induced production are machinery, basic materials such as iron and 
steel, construction, and transportation. While, the amount of production induced by the operation and 
maintenance of nuclear power generation is 1.98 times the amount of O&M expenditure. The 
industries with large induced production are machinery, construction, finance and insurance, and 
services. Comparing this with the corresponding figure of 1.12 for transportation machinery, 
utilisation of nuclear energy gives a large effect on inducement of production. 

The number of employees in whole nuclear-related industries is 53.7 thousand, of which 8.8 
thousand are in electric utilities, up 0.3 per cent over the previous year, and the rest (44.9 thousand) 
in mining and manufacturing industries, down 9 per cent over the previous year. The number of 
nuclear-related employees in electric utilities and in fining and manufacturing industries are 
0.02 per cent and 0.12 per cent of total employees in Japan, respectively. The decrease of employees 
in the mining and manufacturing industries is due to the enhancement of automation and mechanisation 
in production. 

As for effects to the balance of payments, the specific balance on investment goods relevant 
to nuclear energy is even, with a deficit only for imported nuclear fuels, since most reactor equipment 
is produced by domestic manufacturers. On the other hand, the utilisation of nuclear energy saves a 
certain amount of fossil fuel, corresponding to the amount of electricity generated, that would 
otherwise be imported. Therefore the amount of fossi! fuel saved in economic terms is regarded as 
a contribution to surplus. Since the portion of fuel cost in total generating cost is generally lower in 
nuclear power generation than in fossil-fired power generation, die utilisation of nuclear energy leads 
to the improvement of balance of payments. Total electric outputs by nuclear energy 181.1 TWh in 
the fiscal year 1990 to 1991 corresponds to saving of 880 billion yen in a monetary terms. 

From the viewpoint of energy security, nuclear energy is superior to fossil energy in the 
stockpiling of fuels and in the availability of fuel resources which are supplied from industrialised 
countries. The amount of fuels necessary for operating a 1 GWe power plant for one year are; 30 
tonnes enriched uranium for nuclear energy (a volume of three truckloads), 1.10 million tonnes LNG 
for LNG steam electric (16 large LNG tankers), 1.40 million tonnes crude oil for oil steam electric (7 
large oil tankers), and 2.30 million tonnes coal for coal steam electric (23 large coal transport ships). 
The amount of fuel necessary is much less for nuclear energy, representing its advantage from the 
viewpoint of energy security. When fuels for nuclear power generation are switched from uranium 
to plutonium, nuclear energy will contribute even more on ensuring energy security. 

Nuclear energy is also advantageous in price stability. The ratio of fuel cost in total generating 
cost is; 10 per cent for nuclear, 40 per cent for coal, 50 per cent for LNG, and 60 per cent for oil. 
Nuclear energy has the lowest ratio, therefore its generating cost is most insensitive to changes of fuel 
cost. According to an analysis on the effect of prices of goods arising from nuclear power generation 
for the time period from 1985 to 2005, average annual growth rates of wholesale prices and consumer 
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prices are 0.9 per cent and 2.2 per cent, respectively, when nuclear energy is developed as scheduled. 
In the case where nuclear power generation is suspended, corresponding figures are 7.0 per cent and 
4.6 per cent, higher than above by 5.1 per cent and 2.4 per cent respectively. 

Spin-off 

Nuclear energy technology applied for nuclear power plants and fuel cycle facilities is based 
on sophisticated technology. It is also a systematic integration of different kinds of technologies. 
Accordingly, development of nuclear energy technology is expected to bring large spin-off benefits. 

Possible application areas are development of light and flexible composite materials with heat-
resistance, corrosion-resistance, and high strength; application of photo-engineering and electronics to 
manufacturing, construction, and inspection technologies, filtering, separation, and refining 
technologies with high efficiency and high performance; construction methods of integrated type and 
prefabrication type, welding and brazing technologies, anti-seismic technology, management 
engineering technologies such as for automation or artificial intelligence; technologies for preservation 
of foods and for improvement of breed. 

Environment and health 

The annual per capita generation of wastes in Japan is about 3 tonnes of municipal and 
industrial wastes and about 0.1 kg of radioactive wastes, of which 2.7 g is high level radioactive waste. 
In addition to these, air pollutants such as acid rain gas (S02 or NO,) and water pollutants are emitted 
in our daily life and industry activities. Also emitted are greenhouse gases such as CO, and gases 
contributing to depletion of the ozone layer, such as CFCs. 

Nuclear power generation has almost no emissions of materials relevant to acid rain, global 
warming, or depletion of the ozone layer. Therefore it contributes to the reduction of such materials 
through substituting for fossil-fired power generation. Total amount of CO, emission per unit of 
electricity generated (sum of diiect and indirect emission in kg CO^kWh) is 1.147 for coal, 0.910 for 
oil, 0.608 for natural gas, 0.044 for nuclear, 0.027 for hydropower, and 0.151 for solar photovoltaic 
power generation. 

The figure for nuclear decreases to 0.014 if indirect emission is reduced by using electricity 
from nuclear. Here assumptions are made that uranium enrichment is made by a gas diffusion process 
and uranium ore has such quality as is economically competitive at present. The figure for solar 
photovoltaic decreases to 0.076 if electricity used for refining materials is provided from non-fossil 
power generation. 

Nuclear energy now provides 28.3 per cent of electricity in Japan. The reduction of CO, 
emission by this is estimated to be 120 million ton corresponding to approximately 10 per cent of total 
C02 emission of 1140 million ton in Japan. Nuclear energy, while sharing 9.7 per cent of primary 
energy supply, already contributes substantially to the reduction of COz emission. Needless to say it 
contributes also to the reduction of SO, and NO,. 
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Socio-cultural effects 

Nuclear power generation produces radioactive materials through fission and activation 
processes in addition to the emission of radiation during its operation. For this reason "safety 
assurance" has been given the first priority in the development and utilisation of nuclear energy. 

Acceptance of nuclear energy by the nation is assessed through public-opinion polls by the 
Prime Minister's Office or by mass-media such as the NHK, and also questionnaires by research 
organisations. The recent results indicate that 50.5 per cent recognise the necessity of nuclear power 
generation. 46.8 per cent feel concern about its safety. For future development of nuclear power 
generation, 9 per cent support active development, 58 per cent cautious development, 20 per cent no 
more development, and 8 per cent would like to stop its utilisation. 

The above acceptance will be influenced by the mass-media. According to a recent 
investigation on this, the ratio of people who support nuclear continuously is slightly more than 
30 per cent in a large city (Tokyo) and slightly less than 40 per cent around the sites of nuclear power 
stations. The ratio opposing nuclear continuously is 20 per cent and 10 per cent, respectively. The 
ratio in a neutral position continuously is 10-15 percent. The ratio swinging between support and 
neutral depending on the situation is 10-15 per cent. The ratio swinging between neutral and 
opposition is 5-10 per cent. 

Quantitative models in Japan 

More than a dozen computer models for economic analysis are available in Japan. Among 
them, the most popular models are the Multi-Sectoral Models for Medium and Long Term Analysis 
prepared by the Economic Planning Agency[1 J, the CRIEPI Multi-Sectoral Model of the Japanese 
Economy developed by the Central Research Institute of Electric Power lndustry[2], the End Use 
Oriented Long Term Energy Demand forecasting Model by the Energy Data and Modelling Centre 
of the Institute of Energy Economics[3], the Interindustry Coupling Multi-Sectoral Model by the Japan 
Economic Research Centre[4]. In addition to these, several other models for short-term or medium-
term analysis are used for business purposes in business sectors, for example, at the Mitsubishi 
Research Institute[5] and the CRC Research Institute^]. The models developed at universities[7,8J 
and national research institutes[9,10,] must also be included. Outlines of these models are given in 
Table A8.5.1. 

The models for economic analysis can be categorised, according to their purpose, into two 
types, i.e. a planning type model used for the planning of the national economy and a simulation type 
model for forecasting economic activities in the short term. From the view point of time frame, they 
can be categorised into static models or dynamic models, and the latter can be further subdivided by 
the length of time period into short-term models, medium-term models, and long-term models. Such 
classification as macroeconomic model or multi-sectoral model is also possible, and equilibrium 
(i.e. which is attained generally or partially) or inequilibrium is also an important point for the 
analytical approach. 

Several important aspects of economy analysis can be seen when we investigate the 
background of model development. The first aspect is a concern with demand. In an embryo stage 
of economic development where technology utilisation still remains at a low level, the policy target 
of the national economy put its highest priority on such factors as consumption, investment, 
employment, price formation, balance of payments, etc., which are all rooted in the demand side, and 

194 



the national economy will be managed through the adjustment of total demand utilising monetary and 
financial measures. Macroeconomic models are generally used in this stage. 

The second aspect is a concern with supply. When the national economy is expanding, 
economical resource allocation in institutionally divided sectors, especially in industry, becomes 
important, and analyses and considerations are necessary on such subjects as, for instance, market 
mechanisms for economic resources, availability of economic resources and technologies, behaviour 
of the final demand sector, and the role of institutional arrangements. 

For the market mechanism, it is important to consider the way to make a balance of goods and 
services and to determine associated prices, i.e. in other words, through which kind of balancing frame, 
general equilibrium or partial equilibrium, the market can be maintained, and whether the balance is 
he'd statically or dynamically, and whether or not inter-industry transactions are permitted under 
inequilibrium conditions. And, if the market is faced with instability, whether it is necessary or not 
to introduce an adjustment mechanism, e.g a price adjustment mechanism. 

As for availability of economic resources and technologies, the model may take into account 
qualities of capital and labour when factors of production are quantified. Also, distribution aspects 
of enterprises and technological progress will be inspected. As for behaviour of the final demand 
sector, both the demographic nature and income level differences of consumers are the subjects 
investigated from an historical point of view, and investigation of historical trends is also necessary 
for investment and exports. As for the role of institutional arrangements, such items as taxes, 
subsidies, standards and criteria, i.e. public pricing, environmental criteria must be included in the 
model. 

Several levels exist in linkage of macroeconomic models and multi-sectoral models. The most 
primitive level is just a simple linkage of the macroeconomic model with input-output models of which 
the final demand vector is connected with the macroeconomic model, and the role of the input-output 
model remains only to serve to make disaggregation of macroeconomic quantities into multiscctoral 
ones. On the other hand, the highest level is seen in a multiple linkage of macroeconomic models 
with inter-industry coupling models where mutual dependency of macro-variables and micro-variables 
in structural equations are adjusted systematically through aggregation processes. The latter model is 
called occasionally an inter-industry coupling model. 

The inter-industry coupling mode) is also one of multisectoral models. The most distinctive 
feature of the model is to take into account the interaction existing between macro-variables in the 
structural equations of the macro model and micro-variables in the behaviour equations of industries 
through the aggregation process. The background of the necessity for such coupling is as follows: 
with the national economy growing up to the level of maturity and also with increasing severity in 
natural resource supply and environmental constraints, the national economy takes a course of rather 
moderate growth instead of following simply on the demand driven movement. 

In response to this movement, the industrial sector will behave autonomously and take stronger 
measures to reduce resource utilisation. Such movement brings some degree of imbalance and 
instability into the industrial sector. For these reasons, analytical models require capabilities not only 
of measuring these dynamic imbalances and instabilities but also of adjustment functions for them after 
measuring the feedback effects existing between macroeconomic variables and micro structural 
variables. For this reason, the model is categorised as an inequilibrium dynamic model (i.e. balance 
between supply and demand is not always assured in the sense of the general equilibrium in individual 
markets) and the model assumes inter-industrial transactions even if under inequilibrium conditions. 
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As for the Economic Planning Agency's model, it is based on a multi-sectoral model in the 
medium-term approach and takes into account mutual effects existing between macro-variables and 
micro-variables and introduces adjustment mechanisms endogenously. The model has been used 
frequently for planning the Japanese economy. As for the CRIEPI model, it is also a typical multi-
sectoral inter-industry coupling model and installs a price adjustment mechanism which works by 
lowering the price of goods and services when excess supply is increasing and vice versa, and is 
regarded as an inequilibrium dynamic model. The model has been applied to the analysis of impacts 
by phasing out nuclear power as well as for the analysis of C02 emission taxes in the Japanese energy 
system. As for the Japan Economic Research Centre's model, it is one of the fullscale inter-industry 
coupling models, and it has been widely used for the simulation study of the national economy, of 
which the most popular one is a study of" Innovation and Industrial Structure in 2000" made in 1987. 

As for the Institute of Energy Economics, model, it is also a multi-sectoral model and its 
distinctive nature is a full coupling with the energy matrix (i.e. input-output table of the energy sector) 
developed by the institute. As this model has been used widely for national energy planning, we will 
give more explanation about this model. 

The model consists of an economic model, a new energy cost model, and energy demand and 
supply model as shown in Figure A8.S.1. The economic model can further be broken down into a 
macroeconomic model and an industrial input-output model (I/O model). The macroeccnomic model 
estimates indicators of the macroeconomic framework including GNP with a given level of crude oil 
price and world economic activity. The I/O model estimates the level of production activity for each 
industrial sector, maintaining consistency with the macroeconomic frame, and the economic indicators 
estimated in these two models are the key factors influencing energy demand. 

The new energy cost model is constructed based mainly on a teaming curve, but the price of 
existing energy sources and general price level are also designed to influence the new energy costs. 
The energy demand and supply model estimates demand and supply for energy in each sector as well 
as the quantity of new energy introduced. By linking these models, it become? possible to analyse 
the relations more systematically: for example crude oil price change influences new or existing energy 
demand and supply, not only through direct price effects, but also through indirect effects such as 
changes in industrial activities and in relative prices of new and other secondary energy sources. 

The end use energy demand of the residential and commercial sectors are divided into five 
categories: space heating, air-conditioning, water heating, cooking, and others. The industrial sector 
is divided into seven end-use categories: raw material, fuel for direct heating, fuel for other heating, 
electricity for heating, electrolysis, and electricity for other uses. The transportation sector is divided 
into four categories: railway, motor vehicle, ship and airplane. 

The end use energy forecasting model has so far been built on these end use categories. The 
principle of constructing the model is the same as in the traditional energy models which are applied 
to the econometric model. For the market penetration of new energy, however, the model introduces 
a logistic type of market penetration function. For each type of new energy, maximum market 
penetration share by end uses, take over time, i.e. time needed for taking SO per cent market share, 
and the cost curve are fed into this model. These data are given as judgemental exogenous variables. 

The Mitsubishi Research Institute's model, also being a multi-sectoral model, has been used 
recently for the analysis of supply and demand of labour. The CRC Research Institute's model has 
been used for the analysis of investment activity and business fluctuations, etc. The multi-sectoral 
KEO model, developed by the economists of Keio University, served once as a leading pilot model 
for the analysis of the national economy and the improvement of the model is still continuing. We 
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must also include those pilot studies made by the Osaka University and the Kobe University as well 
as the Japan Atomic Energy Research Institute (JAERI). The JAERTs model employs the translog 
type of cost share function and is able to combine with the Market Allocation Model (MARKAL), 
which has been developed under the Energy Systems Analysis Project (ETSAP) of the International 
Energy Agency. The model has been used for energy technology evaluation. 
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Table A8.S.1 Outline of major economic models developed in Japan 

Organization 
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Planning 
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Planning of Japan 

Central Research 
Institute of Electric 

Power Industry 
CRIEPI 

[21 

Planning for 
Electric Power 
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Multisecton 

Interindustry 
Econometric 

Economic Effects of 
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Institute of 
Energy 

Economics 

[3] 

Energy 
Projection 

il, Inequilibrium, 

Coupling with 
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and Demand 
Projection 

Mitsubishi 
Research 
Institute 

[5] 

Projection of 
Industry 
Activities 

Dynamic 

Interindustry 
Econometric 

Labor Supply 
and Demand 
Projection 

Japan Atomic 
Energy Research 

Institute 
JAERI 

PI 

Technology 
Assessment 

Translog Cost Share 

Assessment of 
Energy Technologies 



Figure A8.5.1. Model linkage of end use oriented long term 
energy demand forecasting model 
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Annex VIII6 

The Netheriands 

Overview 

The Netheriands only have two nuclear power plants in operation. 

The first one is the Dodewaaid nlant, which started its commercial operation in 1969. It is 
a BWR with an electric power of only 56 MWe. Its design was made as simple as possible. The 
reactor does have an isolation condenser, but no recirculation pumps at all. This means that a number 
of passive safety features have already been incorporated in its design. The performance of this 
reactor has been excellent. Since GE gave yearly awards to reactors with a performance better than 
75 per cent loadfactor, this reactor did not miss even one award. 

The second one is the Boissele plant, which entered its commercial phase in 1974. It is PWR 
with an electric power of 452 MWe. This reactor also realised a very high average loadfactor over 
the years. 

Programme to enhance nuclear competence 

Since 1990 the Netherlands have been running a Program for Enhancing Nuclear Know-how 
(PINK), under the auspices and active support of the Directorate for Electricity of the Ministry of 
Economic Affairs. The parties in PINK are nearly all Dutch nuclear institutes, viz. GKN (Operator 
of Dodewaard), KEMA (Research Institute of the Netherlands Utilities), ECN (Netherlands Energy 
Research Foundation), IRI (Interfaculty Reactor Institute of the Delft University of Technology) and 
Nucon (a division of Comprimo, an engineering an contracting company). The programme focuses 
on education and training of young engineers. It includes several subjects, one of which is actual 
participation in the design and analysis work of enhanced-safety LWRs. The fact that in the 
Netheriands GKN is operating Dodewaard, one of the very few operational BWRs with natural 
convection coolant circulation, has of course influenced the decision making. In 1989 this led to 
KEMA and Nucon discussing with General Electric Nuclear Energy to contribute to its Simplified 
BWR program. The SBWR concept uses passive natural forces, viz gravity and natural circulation 
of the coolant to prevent potential accidents. GKN agreed to provide Dodewaard experience to GE 
and KEMA and assist GE and KEMA in Che use of the information and data provided. Also, GKN 
will coordinate specific operational and testing programmes with GE and KEMA, as mutually 
determined. 

The programme management and the interface control between GE and its many international 
technical associates and subcontractors in the US, Japan, Italy and the Netherlands are done by GE 
in San Jose, California. However, the steering committee which supervises the Netherlands' PINK 
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programme also oversees the tasks that are performed in the SBWR participation. This is to verify 
that the objectives of the programme are met and that a worthwhile amount of know-how is gained, 
shared and distributed among the parties. 

Other aspects of PINK regard modernisation of nuclear computer codes, comparisons of safety-
related and economic aspects of a number of nuclear reactor designs for the future and the study of 
the mechanisms which may improve the retention of the fission products in the fuel during accident 
conditions. 

Broad economic impacts 

In the autumn of 1988 the Central Planning Office in the Netherlands published a report on 
the macroeconomic consequences of a number of alternatives for the electricity production in the 
period 1989-2010. The main conclusions of this report are: 

a) During the preparation and construction period (12 years) nuclear power plants 
generate far more jobs than coal-fired ones (resp. 3000 and 1000 on a yearly basis). 

b) During the operational phase the initial effects on employment are nearly compensated 
by forces which are directed towards an equilibrium situation. 

c) The differences in the macroeconomic effects do not give rise to a decisive advantage 
of one option over the others. 
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Annex VIH.7 

United Kingdom 

Overview 

The UK has two nuclear power generating companies, Nuclear Electric, which operates 12 
stations in England and Wales (7 Magnox and S AGR) together with the Sizewell B PWR currently 
under construction, and Scottish Nuclear which operates 2 AGR stations. There are no nuclear power 
stations in Northern Ireland. 

In addition, British Nuclear Fuels Limited (BNFL) also operates two small Magnox stations 
on its own sites and the UK Atomic Energy Authority operates the Dounreay Prototype Fast Reactor 
in Scotland. All the above four organisations are 100 per cent government owned. Nuclear power 
was the only part of the electricity supply industry in the UK not to be privatised in 1990/91. It had 
originally been hoped to privatise nuclear generation but this proved impractical partly due to 
uncertainty over the decommissioning and other back-end costs of existing stations. 

All generating companies in England and Wales, including Nuclear Electric, compete to sell 
their power to final consumers via the trading "Pool". As well as National Power and PowerGen, the 
two large generating companies created from the non-nuclear assets of the old Central Electricity 
Generating Board, other companies are free to generate electricity and a number of companies have 
announced plans to build power stations. Industrial companies carrying out their own generation can 
also sell any surplus power either into the Pool or, for smaller volumes, directly to local consumers. 

At the time of electricity privatisation it was recognised that nuclear power was more costly 
under UK conditions than fossil-fired generation but provided other benefits, in particular contributing 
to security of energy and electricity supply and being free of environmentally damaging carbon dioxide 
and acid gas emissions. In recognition of these benefits the government set up the Non Fossil Fuel 
Obligation under which nuclear and renewable electricity generators in England and Wales receive a 
higher price for their output than they would do from the Pool alone. The money to pay these higher 
prices is raised from all consumers by means of the Fossil Fuel Levy. At present there are no such 
arrangements in Scotland where non-fossil generation already accounts for a much higher proportion 
of electricity than in England and Wales. 

At present, the Levy adds arouno 10 per cent to consumers' electricity bills and this proportion 
is expected to fall over time until the end of these arrangements in 1998. No decisions have yet been 
taken on the future of the obligation and Levy after 1998. 

In Novembe; 1989, when it announced that all nuclear power was to be withdrawn from 
privatisation, the gcvemmeU also announced that a Review of the future of nuclear power in the UK 
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would be carried out in 1994. Until that time, it would not give financial consent for the construction 
of new reactors by Nuclear Electric or Scottish Nuclear. Apart from Sizewell B, which is expected 
to be completed by 1994, there are no other reactors under construction in the UK. Nuclear Electric 
have received planning permission for a PWR at Hinkley Point but in accordance with the above 
policy, government has not given the required financial authorisation. 

The 1994 Review will consider all the wider social costs and benefits of nuclear power as well 
as reviewing the financial costs in comparison with those of alternative means of electricity generation. 

Industry structure 

In 1990/91, Nuclear Electric supplied 45.1 TWh with a turnover of £2.2 billion and employed 
some 13,500 staff. Scottish Nuclear supplied 12.2 TWh with turnover of £420 million and employed 
some 2,000 staff. BNFL and the UKAEA provided some 4.4 TWh of nuclear generated electricity 
to the public supply system. Supplies from Nuclear Electric, Scottish Nuclear, BNFL and UKAEA 
together accounted for around 20 per cent of the electricity available from the public supply system 
in 1990/91. 

BNFL are the dominant providers of nuclear fuel cycle services in the UK. They manufacture 
fuel assemblies, provide uranium enrichment through their share of URENCO and offer spent fuel 
reprocessing and associated waste management. UKAEA have facilities to fabricate and reprocess 
plutonium fuels. Current practice in the UK is for spent fuel to be reprocessed. Final disposal of 
nuclear waste is the responsibility of NIREX, a company jointly owned by Nuclear Electric, Scottish 
Nuclear and BNFL. In 1990/91, BNFL's turnover was around £1.1 billion with employment of some 
15,000. 

Regulatory structure 

Under the terms of the Electricity Act 1989, regulation of the electricity industry in England 
and Wales lies in the hands of the Director General of Electricity Supply (DGES) and the Secretary 
of State for Energy. The DGES has a deputy responsible for regulation in Scotland where regulation 
is shared with the Secretary of State for Scotland. Different arrangements exist in Northern Ireland. 

The principal responsibilities of the DGES include economic regulation, licensing and the 
general supervision and enforcement of the licensing regime. Those of the Secretary of State include 
licensing and the regulation of certain matters related to the development of the physical electricity 
supply system, fuel stocking and the quality of electricity supply. Together with the Secretary of 
State, the DGES has the duty to promote competition and to protect the interests of electricity 
consumers. The DGES has established the Office of Electricity Regulation (OFFER) to assist him in 
carrying out his duties. 

Regulation of nuclear sites and installations in the UK is carried out by the Nuclear 
Installations Inspectorate (Nil) on behalf of the Health and Safety Executive (HSE). The HSE is 
appointed by the Health and Safety Commission, the statutory body responsible for the administration 
of health and safety at work legislation. In addition, a nuclear site requires authorisation from the 
Department of the Environment and the Ministry of Agriculture, Fisheries and Food for discharges to 
the environment of radioactive substances in liquid, gaseous or particulate form. 
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Decision processes used 

A company wishing to construct and operate a nuclear power station in the UK must first 
apply to the Secretary of State for Energy (or Scotland) for permission to construct the station at a 
particular location. If there are objections to the proposed station, the Secretary of State may refer the 
matter to a Public Inquiry and appoint an "inspector" to preside over the Inquiry. The inquiry will 
take evidence from the generator and from objectors and may call for expert evidence as appropriate, 
including evidence from government departments. Government departments may also choose to 
submit evidence. Following the Inquiry, the Inspector sends a Report to the Secretary of State. 

In giving his response to the generator's application, the Secretary of State is obliged to 
consider the Inspector's Report but is not bound to accept its conclusions and recommendations. If 
the Secretary of State gives his consent to the application, this serves only to make the project lawful 
and contains no implicit judgement about its implementation. That decision is taken by the generator 
and is subject to other necessary consents being given, including the provision of a nuclear site licence 
and, in the case of a public sector company such as Nuclear Electric, financial approval from 
government. 

The purpose of the Public Inquiry is to provide the Secretary of State with as much 
information about the advantages and disadvantages of the proposed station and about objections to 
it and associated matters as will ensure that in reaching his decision he will have weighed the harm 
to local interests and to others who may be adversely affected against the public benefit which the 
proposal is likely to achieve. However, an Inquiry is not considered a suitable forum at which to 
investigate the merits of government policy. 

Criteria in the decision process 

In this and the following sections reference is made to the two most recent Inquiries into 
nuclear power stations in the UK: 

The Sizewell B Inquiry - Jan, 1983 - March 1985 Report 
Delivered Dec, 1986 (HMSO 1987 ISBN 011 411575 3) 

The Hinkley C Inquiry - Oct. 1988 - Dec. 1989 Report 
Delivered June 1990 (HMSO 1990 ISBN Oil 412955X) 

In both cases the Secretary of State for Energy accepted the overall conclusions and recommendations 
of the Reports and granted consent in each case. 

Sizewell B was to be the first PWR in the UK and consequently the Inquiry paid great 
attention to the safety and health risks of this type of reactor. The major points in the financial case 
made by the generator (the CEGB) were that a PWR would be the least-cost means of meeting future 
demand and that building ahead of capacity need would lead to system cost savings. The Report 
concurred with the CEGB that a PWR was likely to be the least-cost option, despite the fall in fossil 
fuel prices during 1986. 

By the time of the Hinkley C Inquiry, the government had indicated its intention to adopt a 
formal policy on supply security by means of the statutory Non-Fossil Fuel Obligation (NFFO) 
requiring all electricity distribution companies in England and Wales to meet a specified level of their 
power capacity needs from non-fossil fuel sources of generation. The main argument of the CEGB 
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was that Hinkley C would be the least-cost means of meeting the NFFO but would also contribute to 
new capacity. The Report concluded that a PWR was likely to be more costly than a coal station but 
could still be justified on security, diversity and environmental grounds notwithstanding the fact that 
the size of the NFFO was scaled down during the Inquiry so that Hinkley C would no longer be 
required to meet it. 

Models used to support the decision process 

For the Sizewell and Hinkley Inquiries, the CEGB employed their own models to project 
energy and electricity demand and to evaluate the least cost means of meeting electricity demand. 
These models were used to investigate the implica'ions of a variety of scenarios with, for example, 
different levels of GDP growth and fossil fuel prices. 

For the Sizewell Inquiry, the Department of Energy also carried out modelling work of a 
similar kind to that of the CEGB i.e. projecting energy and electricity demand and the least cost means 
of meeting that demand under a variety of scenarios. 

At both Inquiries a variety of economic models of different kinds were employed by witnesses 
other than the CEGB and the Department of Energy. These included macroeconomic models, energy 
forecasting models and models designed to investigate particular aspects of the case 

A description of the CEGB's modelling can be found in their proof of evidence tc the Hinkley 
Inquiry, "CEGB 4" dated September 1988 and a description of the Department of Energy's approach 
may be found in its evidence to the Sizewell Inquiry, "DEN/S/7(NE)" of 1983. A more detailed 
description of the Department of Energy model is given in later in this Annex. 

This note does not attempt to list or describe the numerous non-economic models used to 
assess such factors as plant safety or the impact of radioactive emissions. 

Broad economic impacts 

Employment 

Employment was not a major consideration in the conclusions cf either Inquiry. It was argued 
that the allocation of labour resources should be left to the workings of the labour market and that 
government could take alternative steps to support employment in the coal industry if it so desired. 

Macroeconomic effects 

The Sizewell Inspector gave little weight to model results presented by objectors showing that 
Sizewell would lead to a reduction in national income compared to other alternatives, because of what 
he regarded as modelling flaws and unnecessarily restrictive assumptions. There was very limited 
discussion of macroeconomic effects at the Hinkley Inquiry. 
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Security of energy supply 

The Sizewell Inspector concluded that past interruptions to British coal supplies clearly 
demonstrated the need for the greater diversity that a PWR could offer. Since the PWR was seen as 
the least-cost means of generation in any case, its contribution to diversity was an added, but 
unquantified benefit. In his decision letter, the Secretary of State placed "substantial importance'' on 
the diversity benefit from Sizewell. 

Diversity and security of supply were central topics at the Hinkley Inquiry. It was felt that 
three aspects of diversity merited attention: 

protection against supply disruption; 
protection against rising fossil fuel prices; 
protection against long-term uncertainties. 

Various attempts were made to quantify the benefits of diversity but the Inspector concluded 
that none were sufficiently robust to be reliable. In the absence of reliable quantitative evidence, the 
Inspector concluded that Hinkley would produce a useful diversity benefit and would clearly help to 
promote the government's policy of "preserving a strategic role for nuclear power in order [inter alia] 
to maintain adequate diversity of electricity supply". He did however recommend that the government 
take steps to quantify the benefits of diversity for the 1994 review. 

Health and safety 

The Sizeweil Inspector concluded that the estimated health and safety risks to workers and to 
the general public arising from a PWR at Sizewell were tolerable and the Hinkley Inspector concluded 
that the risks from the Hinkley PWR were generally well within new risk tolerability levels proposed 
by the Health and Safety Executive. 

Environmental impact 

At the Sizeweil Inquiry, radiation emissions were covered in the Health and Safety analysis. 
The Inspector's conclusions on comparative generation costs included the cost of flue gas 

desulphurisation on fossil fired plant. The Hinkley Inspector concluded that nuclear power could make 
a significant contribution to reducing carbon dioxide emissions. 

Local impact 

Both Inquiries examined in detail the likely effects of the proposed PWRs on the local 
economy, environment, infrastructure and ecology. The impact on local employment and trade was 
generally seen as beneficial, especially during the period of construction, while the environmental and 
ecological cases were affected by the fact that Magnox or AGR nuclear reactors were already situated 
at both locations. However, in both cases the Inspectors concluded the overall local impact would be 
disadvantageous and would need to be outweighed by national benefits. The overall extent of local 
disadvantage was not quantified in monetary terms in either case. 
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Public opinion 

At both Inquiries, the Inspectors concluded that the evidence of opinion polls gave no grounds 
for rejecting the applications. As a matter of law it was up to politicians and parliament to represent 
public opinion. In any case, objective measurement of public opinion is highly problematic, especially 
if the public does not always have access to reliable and unbiased information. 

General 

The Sizewell and Hinkley Inquiries covered a wide range of topics besides the narrow financial 
and economic consideration of relative generation costs. Many of these topics were examined in great 
detail although the very real difficulties of valuing some of the broader economic impacts, such as 
supply diversity, meant that conclusions were not generally expressed in quantitative monetary terms. 
It is also worth noting that although the wider costs and benefits of nuclear power were thoroughly 
reviewed, those of other forms of generation were not generally subject to the same detailed 
assessment. 

The Department of Energy's model of the UK energy sector 

In recent years the model has been expanded to include environmental factors such as carbon 
dioxide and acid gas emissions and revised to take account of the new, privatised, structure of the UK 
electricity sector. Work to revise and improve the model is continuing. 

The description of the model in the following paragraphs is taken from Energy Paper 58, "An 
Evaluation of Energy Related Greenhouse Gas Emissions and Measures to Ameliorate Them" 
published in 1990 (ISBN 0-11-412960-6). 

Description of the model 

Assumptions about world fuel prices and UK GDP are used to estimate the likely course of 
fuel demand in the UK. This is done for all the major fuels in the various sectors of the economy --
industry, transport, services, domestic etc. The demand projections use a variety of techniques 
including econometric equations and systems based on surveys of the stock of boilers in the UK. 

The total fuel demands, together with relative prices and assumptions about the future state 
of technology, enable the electricity optimisation model to calculate the least cost means of producing 
the electricity demanded, and thereby to project both the demand for other fuels as inputs to the 
electricity industry and the costs of production of electricity. These features can then be deployed to 
produce another estimate of UK fuel prices which is then the start of a further iterative cycle. Iteration 
continues until consistency is reached between the prices in the demand model and the electricity 
generation costs in the optimisation model. 

In order to build up a picture of the possible configuration of the future UK energy market, 
the model is run with a variety of assumptions for GDP growth and fossil fuel prices, these 
assumptions being combined into different scenarios. 
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Limitations of the model 

The model is not linked into a general model of the UK economy so it does not take account 
of any feedback between the energy sector and the economy at large. Neither does the model provide 
estimates of employment in the energy industries. 

Although the structure of the model facilitates investigation of the effects of changes in relative 
prices and costs, including fiscal changes affecting the energy sector, it is less well suited to quantify 
the impact of policies implemented through regulation of standards. 

The model suffers from the limitations common to any econometric approach, in particular the 
supposition that past behaviour patterns will be a good guide to the future. 

The model also makes a number of simplifying assumptions which restrict its application to 
certain kinds of problems. For example, the distribution of daily and annual electricity demand is 
fixed by assumption. 

It will be some time before the performance of the model in replicating the behaviour of the 
newly privatised electricity market will be able to be properly assessed. For example, the model 
assumes a fixed planning margin (ratio of total generating capacity to peak demand) whereas the new 
commercial pressures may lead to changes in the margin. 

Types of results obtained 

The model is generally set to produce annual figures for the first few years of the forecast and 
thereafter to produce figures at five yearly intervals. The total forecast period is generally set at 
around 30 years. 

The principal results cover the following areas: 

final energy demand by sector and by fuel; 
primary energy demand by sector and by fuel, including the fuel input to electricity 
generation; 
overall costs of meeting energy demand, including the costs and prices for electricity; 
electricity generation capacity by type of station; 
energy-related emissions of greenhouse and acid gases. 
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Annex VIII.8 

United States 

Overview 

The current US situation with respect to nuclear power is characterised and the rationale for 
revitalizing the nuclear option is discussed in this paper. 

No new nuclear orders have been placed in the US since 1978, and few plants are under 
construction or preparing for operation. Electricity forecasters are reviewing nationwide projected 
demand and falling reserve capacity margins, and the widespread conclusion is that a large amount 
of baseload electrical generating capacity will be needed to meet projected growth in electricity 
demand, to replace retired capacity, and to support the trend of increased electrification of our energy 
needs. 

Part of the National Energy Strategy (NES) implementation is to restore the nuclear power 
option in the US as a viable alternative source of electric generating capacity. The NES estimates a 
need for nuclear energy supply ranging from 19S gigawatts (GWe) to 290 GWe by the year 2030. 
It is projected that current laws and regulations, if unchanged, would result in retirements of existing 
nuclear facilities and no new construction. Total nuclear generating capacity without changes in 
existing laws and regulations would be only 6 GWe in 2030. The NES identified the actions needed 
to overcome obstacles to nuclear power expansion: 

improved public perception of nuclear power safety; 
progress in achieving a radioactive waste management system; 
elimination of nuclear licensing and regulatory uncertainties; 
removing the economic uncertainties and high financial risk of constructing and 
operating nuclear plants. 

Several initiatives of the NES are intended to alleviate obstacles in order that nuclear power 
plants may once again be ordered and placed in operation. Among these is work on advanced reactor 
designs which are expected to meet capital cost and capacity factor targets set by the Electric Power 
Research Institute (an organisation representing the electric utility industry). Consequently, advanced 
nuclear plants are projected to be cost-competitive with other baseload technologies. New orders for 
nuclear plants are expected to begin around 199S, with plants reaching commercial operation in 2000. 

It is instructive to review how nuclear power economically impacts our country and what 
factors are used in the determination of nuclear power's role in the country's energy strategy. 
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Regulatory structure 

Under the Atomic Energy Act of 1946, the Nuclear Regulatory Commission has powers to 
license nuclear power plants for both construction and generation. In 1954, the Act was amended to 
provide for private industry participation in the development of nuclear energy. The Nuclear 
Regulatory Commission (NRC) was actually established by the Energy Reorganisation Act of 1974. 
The 1974 act abolished the Atomic Energy Commission, which performed a dual role of promoting 
and regulating nuclear power, and transferred to the NRC all the licensing and related regulatory 
functions assigned to the Atomic Energy Commission by the Atomic Energy Act of 19S4. The NRC 
is currently responsible for regulating the safety of nuclear power plants. 

Economic regulation is controlled by other organisations. Intrastate electricity rates and 
activities are regulated by varied organisations. For investor-owned utilities, state public utility 
commissions are the regulators. In the case of publicly-owned utilities, city or state governments 
regulate rates; and in the case of rural electric cooperatives, local boards regulate rates. The federal 
government regulates those activities involving sales of electricity in interstate commerce. They 
exercise wholesale tariff control and contract approval for many large or medium-sized electricity 
transmission and generation undertakings. Federal authorities also have powers over common 
ownership of private utility undertakings under the Public Utility Holding Act of 1935. Proposed 
federal legislation would amend this Act to allow non-utilities (independent power producers) to own 
and operate generation and sell power under contract. 

Structure of the industry 

The electric utility industry in the US is characterised by considerable diversity. It comprises 
some 3,225 enterprises that supply electricity to more than 92 million households, commercial 
establishments, and industrial operations. It includes private utilities, municipal utilities, rural electric 
cooperatives and Federal power systems. These enterprises vary in size from those with no generating 
capacity (principally municipal and cooperative distribution companies) to those with as much as 
30,000 MWe of capacity. Approximately 850 of these enterprises have generating capacity. Of these 
enterprises there are 265 investor-owned utilities that operate as franchiscd monopolies serving 
customers in specific service territories which supply 75 percent of the total US generating capacity. 
The public distribution, transmission, and generation of electric power is undertaken by the Federal 
systems, investor-owned utilities, rural electric cooperatives and state and municipal power systems. 

Forty-seven percent >>f US nuclear plants are jointly owned by private, municipal, or 
cooperative utility systems. In 1990, the nuclear industry accounted for 20.6 per cent of total US 
utility-generated electricity from 111 operating nuclear power plants which generated S77 billion 
kilowatt-hours. Of total utility and non-utility (sources that sell electricity of capacity to utilities and 
are available at times of peak demand) electricity in the US, nuclear supplies 19.1 per cent of total 
generating capacity. 

Decision processes used 

Two separate levels of decision processes are employed in the US. The utility industry makes 
primarily an economic decision (using least cost models) as to what type and si/e of generating 
capacity they should build. Subsequently, the industry must obtain regulatory approval of construction 
and operation from a safety and environmental perspective. In addition, state utility commissions must 
approve rate increases to permit utilities to recover their investment once the plant is operational. On 
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another level, the federal government, principally through the US. Department of Energy (DOE), 
develops strategy which attempts to influence the nations's future energy needs and supplies. Federal 
funding of research and development and legislation are two means with which the federal government 
shapes energy policy. The US Congress debates the merits of proposals made by DOE and the 
Executive Branch and passes laws that affect energy supply and demand choices. 

The nuclear industry, represented by the Nuclear Power Oversight Committee (NPOC), has 
developed a Strategic Plan that is designed to help the utility industry place a new nuclear order by 
1995 and place the first new plant in commercial operation by 2000. It is a fourteen point plan of 
enabling actions that are required for the nuclear power options to be revitalised. 

In parallel with NPOC's Strategic Plan, the DOE finalised its National Energy Strategy. 
Approximately two years ago, the DOE launched a public interaction process to solicit from people 
their views on ranges of energy-related issues and options. Public meetings were held throughout the 
US. National laboratories, private citizens, non-profit associations, commercial businesses, and others 
participated. A summary of the wide range of views on the problems, prospects, and preferences 
associated with energy production, transportation, and use were published in an NES Interim Report. 

Public comments were used as a basis for performing analytical activities such as modelling 
and developing a quantitative baseline energy projection through the year 2030. Different 
implementation options from the NES process were tested using these models to arrive at energy 
scenarios for the future. 

Review of the analytical activities was performed by scientific and technical experts, state and 
local governments, and other diverse groups. Review was undertaken by the Secretary of Energy 
Advisory Board, and a final review was undertaken by the Economic Policy Council. Five Cabinet 
level meetings were conducted, two of which were led by the President. The product of these 
meetings was the National Energy Strategy. 

The NES meets the goals of balancing the country's need for energy at reasonable prices, 
reducing reliance on insecure energy supplies, maintaining an economy second to none, and 
committing to a safer, healthier environment. 

Criteria in the decision process 

The major criterion used to construct and add new generating capacity by the electric utility 
industry is least cost economics. Projection of energy needs and electricity demand are also 
considered. A variety of other criteria, which depend on local or regional considerations, are used in 
their planning process. Some of these criteria are addressed below on a national level. 

The criteria used on a national scale in evaluating nuclear power and other electricity 
producing sources are: 

the need for energy at reasonable prices; 
a commitment to a safer, healthier environment; 
reducing the dependence on potentially unreliable energy supplies; 
maintaining a strong national economy. 

Nuclear energy is considered an important factor in ensuring a reasonably priced, 
environmentally-safe, and domestically based electricity supply. Continued availability of nuclear 
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energy for baseload generation has several potential benefits: (1) minimising air pollution by reducing 
total emissions from electricity of NO,, SO,, and C02; (2) ensuring a secure supply and diversity of 
fuels used for baseload electricity generation; and (3) providing a cost-competitive and, in many 
regions, least-cost source of power, thus assisting economic growth and international competitiveness. 

Cost of electricity 

Cost of construction, operation, and plant performance based on plant availability and capacity 
factor are major considerations when determining electrical generating plant cost. Data from several 
light water reactors indicate that plant economics can be severely impacted by long construction delays 
which increase the fixed capital cost component of total generation costs. The purpose of many of 
the actions detailed in the NES for nuclear power is to eliminate construction and licensing delays in 
order to substantially reduce the fixed charge component of generating costs. This criterion is the most 
important one in the decision process because it affects the degree of financial and utility backing for 
new nuclear power plant orders. 

Advanced reactor systems are being designed and are expected to meet cost and capacity factor 
targets set by EPRI. They will be cost-competitive with other baseload technologies. 

Environmental impacts 

The impact of NES actions on the environment, including nuclear power, was measured on 
the basis of changes in the amounts of selected emissions and of global warming potential. Energy 
related pollutants that were quantified included NO,, S02, and volatile organic compounds (VOC). 
Emissions of greenhouse gases that may contribute to global climate change are quantified by using 
a global wanning potential (GWP) index. This index includes chlorofiuorocarbons (CFCs), carbon 
dioxide (C02, hydrochlorofluorocarbons (HCFCs), and other gases. Implementation of the options 
identified in the NES Scenario Case, including rencwables, conservation, and new advanced coal and 
nuclear plants, will result in an improved environment. 

Energy security and fuel diversity 

A major requirement for the future will be the need to replace bascload electric capacity that 
is being retired and that is needed for the projected increase in electricity. Between 185 and 310 
gigawatts (GWe) is required by 2010 to meet this projected growth. Today, most baseload 
requirements are being met by gas-fired, combined-cycle units, which are presently cost-competitive. 
Some plants could rely on oil, but price and security of supply severely limit its expanded use. 
Renewable energy sources will be an important part of electrical capacity, and will play a large role 
in intermediate and peaking power. Some renewables such as hydropowcr, gcothcrmal, and biomass 
can be used for baseload capacity, and the capacity additions of these three are projected to be 96 
GWe in 2030. These technologies have a variety of limitations such as site availability, climate 
conditions, and limited regional application. Therefore, their contribution to total energy supply is 
forecast to be less than nuclear or coal by 2030. 

Coal and nuclear are the only two technologies that are capable of providing the majority of 
baseload generation required in the future. Coal and nuclear are expected to compete in most regions 
of the country for new baseload generation, if advanced nuclear and coal were not available, the 
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burden of meeting the country's electricity needs while achieving greenhouses gas reduction targets 
would fall heavily on renewable generation and on demand-side efficiency improvements. Therefore, 
the important criteria used here are (from a national perspective) security of supply, need for a large 
increase in baseload capacity, and a good fuel mix to maintain cost-competition between different 
technologies. 

Models used to support the decision process 

The principal NES integrating macroeconomic model is the Data Resources Incorporated (DRI) 
quarterly model of the US economy. The DRI model incorporates insights of many theoretical 
approaches to the business cycle such as Keynesian, neoclassical, monetarist, supply-side, and rational 
expectations. The major economic model used to support the NES decision process and develop future 
scenarios for electricity is Fossil2. 

Fossil 2 is a dynamic simulation model of US energy supply and demand over a 40-year time 
period. This aggregate US model is used to project the results of long-term technology and policy 
assumptions. For the electric utility sector, Fossil2 projects new capacity that will be built in response 
to future demand, projects how existing and new capacity will be dispatched to satisfy current demand, 
and estimates electricity rates in accordance with utility ratemaking procedures. Nation-level electricity 
demand growth rates are derived from Fossil2 results from the NES baseline case. The baseline case 
assumes no changes to current laws and regulations. 

Broad economic impacts 

Interactions 

The US nuclear industry is a relatively small portion of the overall economy. Therefore, few 
studies have been conducted that show nuclear's overall contribution to the national economy. For 
individual projects, local impacts from construction and operation are considered through 
environmental impact statements and some local studies are made. New plant sitings benefit local 
jurisdictions, principally from the increased tax base. 

Secondary investment effects 

Cumulative estimates of the total (direct plus indirect) economic effects of nuclear power vary. 
A recent study shows that through 1988, the operations of nuclear energy plants generated $593 billion 
in total economic product and created 3.9 million man-years of employment, while construction of 
commercial nuclear energy plants generated $568 billion in total economic product and created 6.6 
million man-years of employment. Collectively through 1988 the construction and operation of 
nuclear power plants generated $1,161 billion in economic product, created 10.S million man-years 
of employment, and generated $345 billion in federal, state, and local government tax revenues (1). 

In 1988 alone, $3.8 billion in direct construction expenditures for nuclear power plants was 
generated. $4.3 billion of indirect economic output was generated by nuclear plant construction, thus 
generating $8.1 billion in total industry output, and creating a total of 89,000 jobs. In 1988, the 
operation of commercial nuclear power plants generated $56 billion in industry output and 393,000 
jobs. Therefore, in total for 1988, construction and operation of nuclear power plants generated a total 
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of $64 billion in economic output, 484,000 jobs, and $19.7 billion in Federal, state, and local tax 
revenues (1). 

Employment 

Employment at the beginning of 1989 for nuclear related positions in the USEIectric Utilities (2) was 
at 98,000 personnel. Nine percent of the personnel comprised operators, and nearly fifty percent 
comprised scientists, engineers and other technical personnel. 

The DOE Office of Energy Research provided 1989 figures forall nuclear related employment (3). 
Total nuclear-related employment was estimated to be 291,400, and increase of about 2 percent over 
1987 estimates. Scientists and engineers make up about one-fourth of the work force, signifying the 
highly technical nature of the nuclear industry. Recent trends indicate that large increases occurred 
in waste management, quality assurance, risk assessment, seismic and stress analysis areas. Modest 
increases occurred in reactor operation and maintenance and government sectors. Significant decreases 
occurred in the fuel cycle, design, engineering, and manufacturing, and research sectors. 

Balance ojpayments 

Over the past three decades nuclear energy has replaced other types of electricity generation, 
and the capacity replaced has been almost solely fossil-fuel burning plants. Using estimates of the oil-
fired electricity displaced by nuclear energy, one analysis estimates that between 1973 and 1988 
nuclear energy displaced nearly 4 billion barrels of imported oil valued at $ 115 billion. Future balance 
of payments savings will be measured based on export potential of the nuclear plant technologies and 
quantity of oil imports displaced due to nuclear (1). 

Other barometers of how nuclear power has affected the balance of payments are exports or 
imports of reactor designs and components, separative work u its, and nuclear services. Recent 
statistics on these items are not available. 

Security of energy supply 

The US has a plentiful supply of fuel for nuclear plants lomcstically in the form of known 
uranium deposits and enrichment tailings. However, in 1982 .rough 1989, imports of uranium 
represented 52,26,44, 34, 44, 52, 51, and 35 percent of US requirements, respectively. As required 
by law, the Department of Commerce conducted a study in 1989 to investigate the effects of uranium 
import levels on national security. They found that uranium is not being imported in such quantities 
or under such circumstances as to represent a threat to national security. In the event of an 
emergency, domestic requirements for uranium could be met by using existing domestic inventories, 
reprocessing tails from the enrichment process, and augmenting supplies through increases in US 
production and in imports from reliable countries. The majority of uranium imports come from 
Canada or Australia and are projected to continue in the future (4). 

The National Energy Strategy review confirmed that no feasible combination of domestic or 
international energy policy options can make us completely invulnerable to oil supply disruptions for 
the foreseeable future. No single policy tool can substantially increase America's energy security, 
where the basic vulnerability is oil. Since our vulnerability to oil cannot be completely eliminated, 
it is not in our interest to adopt measures that reduce imports but impose high economic or 
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environmental costs. Policy measures should be chosen that balance economic, environmental, and 
energy subjectives (5). 

Price stability 

Due to the relatively plentiful domestic supply of economic uranium reserves of U3Os, and 
strong foreign competition for supplying US utilities, the cost of uranium fuel is projected to be stable 
for some time. The current stability o. foreign sources is such that supply shortages are not 
envisioned. The availability of this fuel and generation type also provides sufficient competition for 
coal, gas, and oil such that prices for these fuels are somewhat controlled. 

Resource depletion 

In 1989,18.4 million pounds of U3Og were delivered from domestic suppliers to utilities. 13.1 
million pounds of U3Og were imported, and 2.1 million pounds were exported. 

At the beginning of 1990, industry reported economic uranium reserves of 336.9 million 
pounds of U3Og. Reasonably assured resources (U3Og) were 277 million pounds at 30 dollars per 
pound, 962 million pounds at SO dollars per pound, and 1,537 million pounds at 100 dollars per 
pound. Estimated additional resources were 1,400 million pounds at 30 dollars per pound, 3,400 
million pounds at SO dollars per pound, and 5,000 million pounds at 100 dollars per pound. 
Speculative resources were 1,100 million pounds at 30 dollars per pound, 2,100 million pounds at SO 
dollars per pound, and 3,500 million pounds at 100 dollars per pound (6). 

Spin-offs 

A few of the technologies derived from nuclear research and development are robotics, 
advanced process control instrumentation from advanced control room designs, isotope production for 
medical, food irradiation, and other uses, and manufacturing and construction techniques. Factory 
fabrication and modularisation of equipment planned in the advanced reactors lead to improved 
manufactunng and construction techniques. Some of these benefits might have occurred in spite of 
nuclear power development. 

Socio-cultural effects 

One of the major efforts to revitalise nuclear power in the US is to educate the public about 
nuclear safety and hence allay their concerns. Public concern about the safety of nuclear power has 
been gauged with national polls, and the results are mixed. A 1990 national Gallup public opinion 
poll showed that 78 percent of the American public thinks nuclear power will be very or somewhat 
important in meeting the nation's future electricity needs. When asked to consider all energy sources 
available for large-scale use, 68 percent said they felt nuclear energy is a good or realistic choice; 
whereas 26 percent felt it was a bad choice. When asked in another 1990 poll whether they would 
favour, oppose or reserve judgement for a new nuclear plant in their area, 18 percent were in favour, 
27 percent were opposed, and 54 percent stated they would reserve judgement. On the other hand, 
another recent poll by indicates that a majority of Americans believe that nuclear power is more 
dangerous than other ways available to produce electricity. 
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It is clear that all nuclear groups need to develop improved factual public information 
regarding the risks versus the need and benefits of nuclear power, including a comparison of nuclear 
power to other electricity sources and to other radiation sources encountered in our daily lives. 
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Annex IX 

Evaluation of Environmental and Health Detriments 

An extensive economic literature exists describing and comparing methods by which monetary 
valuations can be ascribed to a range of benefits and detriments that are not, of themselves, 
commodities or services that can be bought or sold in the market place. Recent review articles include 
both official (171)(250) and academic studies (167)(170)(251). 

For the purposes of the present study interest focuses on the environmental, physical and 
ecological damage arising directly or indirectly from the production and conversion of energy and its 
effects on health and mortality in the population at large, including the workers in the energy and 
transport industries. 

In the case of air pollution, for example by the acid gases produced by coal or oil combustion, 
the problem is one that has been studied extensively in many OECD countries over the years. The 
first problem is one of linking quantitatively, different forms of physical or ecological damage to 
specific forms of pollution - metal corrosion, damage to stonework and buildings, damage to cloth 
fabrics and paper, effects (positive or negative) on crop yields and forests; effects on streams, lakes 
and the living species they support; effects on human health and lifespan. This is not always easy, 
as is evidenced by the protracted debate that occurred on the significance of acid rain to damage to 
forests and wildlife in Europe and North America. 

The second problem is one of establishing the quantitative extent of the effects and their 
linkage to the ambient levels of specific pollutants. This too is difficult, because of the dispersed 
nature of the effects, their regional variability, their generally slow accretion and the problem of the 
interactions of a wide range of pollutants from a multiplicity of sources. 

Finally, value has to be ascribed to the different forms of physical damage or detriment. 
Whilst this is easy, in principle if not in practice, for damage that can be repaired or restored -metal 
corrosion, paintwork, common fabrics, general soiling - it is more difficult for damage to health, 
premature death, ecological damage and physical damage to irreplaceable works of art. For this reason 
most estimates of detriment costs tend to concentrate on the measurable damage and will understate 
the true costs. 

Newberry (251) has reviewed acid rain effects and concluded that in the European Economic 
Community they amount to some $20 billion per year for paint corrosion and damage to galvanised 
iron with some $7 billion per year damage to forests. Greenpeace, based on commissioned academic 
studies (212), have recently put the cost of damage in East and West Europe together at £200 billion 
to £600 billion per year. Horst et al (252) have examined materials damage in four large US cities. 
The Economic Commission for Europe have reviewed materials damage costs in Europe (253) and 
concluded that they lie in the range $3-$ 14 per capita per year (1983 US $). Studies in the 
Netherlands (254) have put a value in that country at $8-$ 15 per capita per year (1983 US $), whilst 
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in the Federal Republic of Germany (2SS) damage has been put at $15 per capita per year (1983 US$). 
An earlier US study (256) has arrived at the higher figure of $28. 

Much damage to crops and forests occurs as a result of exposure to ozone (257), which is 
generally attributed to the effects of nitrogen oxides and photochemical reactions in the lower 
atmosphere. Acid gas emissions also cause significant damage to crops and forests, which has been 
evaluated in several OECD countries. In the Netherlands (254) the cost has been put at $26 per capita 
per year, in the Eastern USA (258) and Eastern Canada (259) forestry losses alone are put at $7 and 
$46 per capita per year, respectively. In the Federal Republic of German forest damage has been 
estimated at $7 per capita per year (260)(1986 $) and total crop and forestry damage at $17 per capita 
per year (261)(1984 $). 

By comparing total costs of this sort with regional pollution levels and with the sources of that 
pollution, it is possible to make some broad assessment of the external quantifiable costs associated 
with different energy sources (60)(62)(64). 

The problems are compounded when the damage is inflicted on aspects of human wellbeing 
that are not usually tradeable in the market place. In such cases economists have devised indirect 
methods to attach value to general human amenity (250). Attempts to set a value to the avoidance of 
premature death are of the particular relevance in relation to the externalities associated with energy 
production. 

A number of different approaches have been used, with concentration in earlier studies (60) 
on examination of awards for death or injury by the courts, and on the discounted present worth value 
of future earnings foregone. The latter method underpinned the valuations used in several OECD 
member countries for the assessment of road safety investments and radiological protection. Typical 
values derived by this method are summarised in Table A9.1, entries a to d. (The high bound of the 
UK National Radiological Protection Board range was derived differently on the basis of an arbitrary 
judgemental increase, specifically for use in situations of relatively higher individual dose, based on 
the assumption that this was consistent with individual risk aversion in economic theory (165)(262). 
It has been pointed out, however, that this assumption is not consistent with empirical data (263) (on 
risk aversion, although the divergence from theory may reflect an element of overvaluation of life in 
low-risk situations, arising from the methods used to derive values rather than from a real effect). 

Significantly higher valuations have been derived in studies analysing the relationship of wage 
rates to occupational risk (f and g in Table 9.1), travel safety studies (e in Table 9.1), and in studies 
based on questionnaires concerning declared willingness to pay to reduce the risks of premature death 
(h,i ,j , in Table 9.1). 

Clearly a number of factors affect the results of all such studies, not least income levels and 
ages of respondents. The results are also very variable with, for example, values as high as $10 
million to $ 15 million (264) in some occupational risk studies. 

The protracted induction periods before the stochastic effects of exposure to low doses of 
radiation or some chemical carcinogens become apparent mean that fewer years of life are forgone by 
those few who do die prematurely, than would typically be the case in road accidents or other causes 
of immediate death. This, in principle might lead to lower life valuations (at the time of the causative 
event) for use in studies related to deferred deaths. On the other hand, there is evidence that the 
public view delayed deaths over which they have no direct influence, with greater aversion; suggesting 
higher individual valuations of such deaths. 
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Some authors argue that high valuations for life based on individual expression of risk aversion 
are to be preferred (165). However, with the levels of general risk of death by accident in western 
society of the order of one in one thousand per year (265), it has been pointed out that the adoption 
of very high values for life would imply that society would be prepared to divert a major part of GDP 
to risk reduction (172). Thus, $5 million per life saved is equivalent to a cost per capita of $5000 per 
annum for elimination of all risk of premature death from accidents. This figure is equivalent in round 
terms to 50% of GDP - more in some OECD countries, less in others - and would appear on 
judgemental grounds to be very much at the upper end of what society might be prepared to pay, 
bearing in mind the sacrifices in other aspects of social welfare that would be required (172). 

This argument is further strengthened when one considers detriments other than premature 
death, to which society is exposed, and for the reduction of which people indicate they would be 
prepared to pay significant sums (273). Whilst it is no part of this study's role to determine the 
weight to be attached to the different economic valuations, the participants are of the view that a figure 
of $1 million (or less) is more likely to reflect society's willingness and ability to pay than a figure 
of $5 million, except, possibly, in situations where limited numbers of identifiable individuals are 
involved. 

The referenced published reviews (171)(250)(170) can be consulted for critical discussion of 
the various approaches and their limitations. The gross output valuations based on lost income will 
clearly differ from country to country depending on the average income levels, but, based on Table 
9A.1, they are in the region of $0.5 million. Willingness-to-pay studies have yielded higher values 
which have, in recent years, influenced policy makers in a number of countries. 

For illustrative purposes a value of $5 million has been used in this study although, as is 
printed out above, this is probably more than society as a whole would generally be prepared to pay. 

221 



Table A9.1. Value of life 

Study Country Value 
$ million (1990) 

Department of Transport 
(pre 1988) 

National Radiological 
Protection Board (172)(265, 266) 

UK 

UK 

c. 

d. 

e. 

f. 

g-

h. 

i. 

J-

k. 

I. 

m. 

n. 

o. 

P-

q-

Road Safety 

Road Safety (169) 
(pre 1988) 

Blomquist (267) 

Maier et al (wage rates)(268) 

Jones - Lee (wage rates)(269) 

Jones - Lee (WTP) (270) 

Persson (WTP) (271) 

Maier et al (WTP) (272) 

Department of Transport (270)(post 1988) 

Road Safety (27O)(1990) 

Road Safety 

Environmental Protection Agency 

Nuclear Regulatory Commission 
(174) 

Ewers and Rennings (206) 

Friedrichetai(175) 

France 

Sweden 

UK 

UK 

Sweden 

Austria 

UK 

Sweden 

US 

US 

US 

FRG 

FRG 

0.5 

0.5 (to 6) 

0.3 

0.5 

0.8 

3.5 

0.7 

1.0 - 3.2 

0.7 - 1.4 

3.2 

1.0 

1.2 

1.5 

1.6 - 8.5 

10 

3 

0.5 

WTP • Willingness to pay analysis 
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