Electricity planning perspective
Planner’s viewpoint

-

Policy level

System level

Project level

'P'.‘g—f v :
w1 /5T Oonventional analysis ¢ Advanced analysis
JUFORMATIC - increasing dncertainty
and qualitative type analysis
U R¥]




The cover shows the electricity planner’s perspective which can be viewed as
a pyramid.

The different levels of the planning process are represented vertically. Ever
more detailed information analyses are required as the planner moves from top to
bottom. First, at the policy level, general characteristic data and analysis provide
decision makers with a broad understanding of the options available, giving the pros
and cons of economic, health and environmental aspects of various electric power
technologies and associated policies. Second, the system level requires a more
detailed understanding of electric power systems, forecasting the rate of growth in
electricity demand to meet capacity expansion requirements with different fuel
options and generating plant candidates. Analyses at this level include traditional
least cost planning techniques, and methods of evaluating the health, environmental
and social costs resulting from selected expansion strategies. Third, at the project
level, analyses are highly specific, calling for ever more detailed data on project
costs, emissions and other burdens resulting from pfant construction and operation.
This final analysis must be aligned with policy and system levels, otherwise there is
the risk of failing to account for broad policy issues and their impact on existing and
future power plants in the total system.

Horizontally, each level represents the increasing complexity, comprehensive-
ness of analysis, and degree of uncertainty in the information provided. The available
technologies range from proven technologies, e.g. fossil fuel and nuclear energy
systems, to state of the art, new and emerging technologies, €.g. clean coal technolo-
gies, advanced nuclear power plants and renewable energy systems under develop-
ment. The parameters related to health and environmental aspects range from
quantitative information on emissions to qualitative effects on landscape, quality of
life and so on. The complexity of the analysis ranges from conventional methods for
cost comparisons to more advanced methods such as multicriteria techniques for
incorporating quantitative and qualitative environmental indicators,
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FOREWORD

The Symposium on Electricity, Health and the Environment: Comparative
Assessment in Support of Decision Making, was held from 16 to 19 October 1995
at the IAEA Headquarters in Vienna. It was organized jointly by the IAEA and nine
other international organizations — the European Commission (EC), the Economic
and Social Commission for Asia and the Pacific (ESCAP), the International Institute
for Applied Systems Analysis (IIASA), the Nuclear Energy Agency of the OECD
(OECD/NEA), the Organization of Petroleum Exporting Countries (OPEC), the
United Nations Environment Programme (UNEP), the United Nations Industrial
Development Organization (UNIDO), the World Bank/International Bank for
Reconstruction and Development (IBRD) and the World Meteorological Organiza-
tion (WMO). About 200 experts from 53 countries and 16 different organizations
took part.

The Symposium was convened as part of the inter-agency joint project on data-
bases and methodologies for comparative assessment of different energy sources for
electricity generation (DECADES). It was opened with an address by Dr. Hans Blix,
Director General of the IAEA, followed by opening statements from the EC, IBRD,
UNEP, UNIDO, WMO and the Chairman of the DECADES Project Steering
Committee, Mr. B.A. Semenov (Deputy Director General of the IAEA).

The main objective of the Symposium was to enhance and strengthen informa-
tion sharing and co-operation between interested and affected parties in the field of
electricity demand analysis and supply planning, aiming at implementing sustainable
policies in the power sector, taking into account economic, social, health and
environmental aspects. To meet this objective, the Symposium sessions addressed
the following topics: key issues in the decision making process; assessment of health
and environmental impacts; integrated framework for comparative assessment;
implementation of comparative assessment; country case studies; and comparative
assessment in decision making. A closing round table focused on challenges for
international co-operation aiming at implementation. of sustainable electricity
policies. In addition to the main sessions, poster presentations illustrated results from
comparative assessment studies carried out in different countries, and software
demonstrations provided opportunities for participants to gain information about
state of the art computer tools, databases and analytical models that are available for
use in decision support studies.

The first technical session of the Symposium set the stage by highlighting
the key issues to be addressed for implementing sustainable electricity policies in
developing countries, countries in transition and industrialized countries. Session 2
focused on the assessment of health and environmental impacts of different energy
systems. Session 3 dealt with the formulation of integrated frameworks for compara-
tive assessment in the context of analysing local, regional and global issues.



Sessions 4 and 5 reviewed the experience that had been obtained on the implementa-
tion of comparative assessment in various projects and reported results from a
number of comparative assessment case studies that had been carried out in different
countries and organizations using various tools. In the final technical session, the
experience with implementing comparative assessment as an integral part of the
decision making process was reported in four papers.

The closing round table discussed the main issues that emerged during the
Symposium, which were highlighted by the rapporteurs for the respective sessions.
Active discussions with the participants allowed the organizers of the Symposium to
draw some main findings and conclusions, as well as to provide some recommen-
dations for follow-up actions that could be undertaken in the framework of the
DECADES project.

The IAEA wishes to acknowledge the support of the sponsoring organizations,
the valuable contributions of the authors and presenters of papers, posters or soft-
ware demonstrations, chairpersons and scientific secretaries, as well as the assistance
and efforts of the Programme Committee.

EDITORIAL NOTE

The Proceedings have been edited by the editorial staff of the IAEA to the extent
considered necessary for the reader’s assistance. The views expressed remain, however, the
responsibility of the named authors or participanis. In addition, the views are not necessarily
those of the governments of the nominating Member States or of the nominating organizations.

Although great care has been taken to maintain the accuracy of information contained
in this publication, neither the IAEA nor its Member States assume any responsibility for
consequences which may arise from its use.

The use of particular designations of countries or territories does not imply any
Judgement by the publisher, the IAEA, as to the legal status of such countries or territories,
of their authorities and institutions or of the delimitation of their boundaries.

The mention of names of specific companies or products (whether or not indicated as
registered) does not imply any intention to infringe proprietary rights, nor should it be
construed as an endorsement or recommendation on the part of the IAEA.

The authors are responsible for having obtained the necessary permission for the IAEA
to reproduce, translate or use material from sources already protected by copyrights.

Material prepared by authors who are in contractual relation with governments is
copyrighted by the IAEA, as publisher, only 1o the extent permitted by the appropriate national
regulations.
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OPENING STATEMENT

H. Blix
Director General,
International Atomic Energy Agency,
Vienna

I welcome you all to this international Symposium, which addresses some
topics of great concern to decision makers who have to devise policies for sustainable
energy production and electricity generation. The Symposium will examine the
economic, health and environmental aspects of different energy sources, and it will
consider how the presently available methodologies and tools for comparative assess-
ment could be adapted better to provide the types of information needed by decision
makers.

I am pleased that the IAEA is hosting this Symposium, but I want to stress that
it is a co-operative effort by the ten sponsoring organizations, The broad sponsorship
of and the wide participation in the Symposium show that the subject matter is high
on the agenda of analysts and policy makers.

As an introduction, I would like to share with you some thoughts on the oppor-
tunities and challenges for the power sector, from my perspective, and also briefly
describe the IAEA’s activities in the field of comparative assessment.

1 start from several basic premises, which may not be shared by all:

— Energy use will grow significantly, especially in developing countries. Con-
tinued improvements in efficiency of energy production and use will be very
important, but will by no means offset the strong growth in demand. For
example, a study by China's State Science and Technology Commission esti-
mates that by the middle of the next century the country’s total energy demand
will be some 4000 to 5000 million tonnes of coal equivalent, or about four
times today’s demand. This means that in 50 years' time China’s energy
demand will be nearly as great as the present total energy demand of all OECD
countries (including the United Sates of America), which is some 6500 million
tonnes of coal equivalent.

— Fossil fuels now dominate the global energy supply, and this domination can
be expected to continue. For example, over the next two decades India plans
to treble, and China to double, the consumption of coal for electricity genera-
tion. A growing global consumption of fossil fuels is viewed as increasingly
problematic, for environmental reasons, notably the risk of global warming
that is linked to the increasing emissions of greenhouse gases, especially CO,,
from the burning of fossil fuels.
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— Solar power, wind power, biomass and other renewables (other than conven-
tional, large scale hydropower) will bring a valuable, but minor, contribution
to the global energy supply in the coming decades. The views expressed in one
of the response strategies devised by the Intergovernmental Panel on Climate
Change (IPCC) for reducing the risk of global warming, arguing that
renewable energy could cover some 80% — and biomass some 50% — of the
world’s energy needs a hundred years from now, is viewed as completely
unrealistic by many — and I think most — experts.

— Nuclear fusion, as a practical source of energy, is viewed as very distant. If
the world were looking for an existing, nearly economically viable technology
for an almost inexhaustible electricity supply, it could have it in breeder
reactors — of which several are in operation. However, while the world has
been living for decades with vast quantities of plutonium ready to be exploded
in bombs, it seems reluctant to accept plutonium as a fuel for electricity
_generation. ,

— Expansion of nuclear power, which now provides about 7% of the world’s
commercial energy and 17% of its electricity, could provide at least an impor-
tant part of the solution to the problem of increasing energy supply without
increasing emissions. Nuclear energy contributes practically no CO,, SO, or
NO, emissions. It is already today of significance in helping us to limit emis-
sions into the atmosphere. If the approximately 430 nuclear power reactors
operating today were replaced by coal fuelled plants, there would be an
increase of more than 8% in the global CO, emissions from energy use.

— However, a broad sector of the public in many countries — especially
industrialized ones — is hesitant or opposed to an increased use of nuclear
power, or cven a continuation at present levels. Mainly three factors prompt
these attitudes: fear of accidents, fear of long lived radioactive wastes and fear
that use of nuclear power might contribute to proliferation of nuclear weapons.
The last point is probably the least important. The expansion of nuclear power
has not led to proliferation of nuclear weapons. Rather, we have seen a
continuous increase in the number of countries committing themselves to non-
proliferation. This factor and accelerating nuclear disarmament will probably
reduce the link between nuclear weapons and nuclear power in the public’s
mind. .

— In general, environmentalist groups are adamantly opposed to nuclear power
and urge more vigorous efforts for energy conservation, the development and
greater use of renewables, and new lifestyles as means to respond to the threat
of global warming. However, there are examples of different opinions among
responsible and uncommitted organizations, such as the Club of Rome, which
a few years ago came to the conclusion that the use of fossil fuels is probably
more dangerous to society — because of the CO, they produce — than nuclear
energy. :
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In the face of these contradictory premises, it will be a major challenge for the
energy sector and especially for the eléctric power sector — in both industrialized
and developing countrics — to get public acceptance for any policy ensuring
sustainable and adequate energy supplies. For a time, and in some countries, one can
try to postpone decisions in the hope that they will be.less difficult later. If there is
a need for more electricity, however, this option may not be available. When this
need is pressing today, the decision in-industrialized countries often is greater
reliance on natural gas on the grounds that it is economically viable, and that it
appears to be environmentally attractive since the CO, emissions from gas are about
half those from coal, per unit of energy produced. However, the leakages of methane
from gas extraction sites and gas pipelines are of the order of 5-10%, which more
than offsets the gains from the lower CO, emissions.

The threat of global climate change is high on the agenda of Governments, but
we have to note that — three years after the Rio ‘Earth Summit’ which set ambitious
targets for sustainable development — the progress made worldwide, for exampie
in reducing greenhouse gas emissions, is extremely small, not to say negligible.
Carbon dioxide emissions have slowed only marginally in industrialized countries —
mainly because of the recent economic recession — and have continued to increase
significantly in most developing countries, owing to energy demand growth and
reliance on fossil fuels as the most readily available energy source.

Indeed, ‘sustainable development’ in the field of energy seems to have quite
different meanings in different regions and fora, and to be difficult to put into prac-
tice. The first Conference of Parties to the Framework Convention on Climate
Change, which was held in Berlin at the end of March 1995, showed that reaching
an international consensus on reducing greenhouse gas emissions will take some
time.

The medium term outlook does not seem to be better. In particular, the
expected continued dramatic growth in energy and electricity consumption in Asia
will lead to a drastic increase in greenhouse gas emissions if measures are not taken
soon to reduce the share of fossil fuels, especially coal, in electricity generation. In
eastern Europe, energy consumption has flattened because of the economic stagna-
tion that has occurred; however, as the economies of the region begin to recover and
grow, these countries will also be faced with increases in emissions, unless effective
control and mitigation measures are implemented. In western Europe too, according
to the findings of a number of recent studies, CO, emissions will continue to grow
after the turn of the century. The mothballing of nuclear programmes in some
countries and the commissioning of new gas fired or coal fired power plants are the
main causes of this trend. I cannot fail to add that the case of France, where more
than 75% of electricity is produced by nuclear power, clearly demonstrates that
nuclear power could play a major role in reducing CO,, SO, and NO, emissions,
while enhancing the economic competitiveness of the industry.
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Also, a study commissioned by the Institute of Energy Economics in Japan
concluded that if CO, emissions are to be curbed to the 1990 levels, Japan will need
between 160 and 300 GW{e) of nuclear power by the end of 2100. At present, Japan
has 38 GW(e) of nuclear capacity.

I do not suggest that nuclear power alone can solve all of the problems involved
in achieving a secure and sustainable energy supply worldwide. However, together
with renewable sources and energy conservation, both of which are important,
nuclear power could play a very significant role in strategies aiming towards this
goal. The two cases I have just mentioned are good illustrations.

I am fully aware that the issues are fraught with emotional reactions and that
Governments must pay attention to public opinion. However, it seems to me that if
we have sincerely and scientifically identified some severe threats being caused by
our present energy policies, we must assess and compare on a ‘level playing field’,
i.e. rationally, all the available energy supply options — renewable, fossil and
nuclear — taking into account their complete fuel cycles, their technical and eco-
nomic performance, and their impact on health and the environment. This is the
focus of the IAEA’s programme on the comparative assessment of energy sources
and also of the DECADES project within which this Symposium is organized.

Let me now give you some glimpses of the IAEA’s activities in the field of
comparative assessment of energy sources, in particular for electricity generation.

There is no single United Nations organization — or other worldwide inter-
governmental organization — that covers comprehensively all the issues — including
the social, health and environmental impacts — related to energy and electricity
production and use. However, there are an increasing number of joint programmes
of work which bring together the expertise and know-how of different international
organizations. '

The JAEA has a long tradition in the analysis and planning of energy and elec-
tricity systems. In response to requests from its Member States, the IAEA has
implemented and disseminated energy and electricity system analysis models that are
widely used by national institutes and other international organizations. Within the
Technical Co-operation Programme of the IAEA, a large number of projects are
devoted to supporting Member States in the field of energy and electricity system
analysis and planning. These projects examine not only the nuclear power option but
also fossil and renewable energy systems. The IAEA does by no means blindly
counsel the use of nuclear power. Indeed, in many cases the nuclear option would
be inappropriate.

While earlier it was considered that the *‘cheapest energy was the best energy”’
and accordingly the analysis of energy options did not have many dimensions, the
increasing concern about the social, health and environmental impacts of energy
production and use has led to a broadening of the analysis that is necessary. In order
to assist in more comprehensive comparative assessments in the power sector, the
TIAEA has since the 1980s broadened the scope of its analytical activities to
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 incorporate those concerns together with the traditional economic and technical com-
parisons. Moreover, a close co-operation on these matters has been established and
maintained by the IAEA with other international organizations. The co-operation
includes exchange of information, task sharing and joint activities in order to avoid
duplication and to enhance the overall efficiency of the programmes carried out in
the respective organizations as well as the quality and credibility of their results.

More recently, the IAEA programme has put increased emphasis on global
climate change issues, especially on the potential role of nuclear power and other
energy options in reducing greenhouse gas emissions. Contributions were provided
to the Second Assessment Report of the IPCC. Our work in this field will continue
in connection with the Framework Convention on Climate Change and with the
ongoing work of the IPCC. In 1997-1998, the IAEA programme on comparative
assessment of energy sources will be strengthened and redefined, building upon the
results and outcomes of the current work. I trust that the presentations and discus-
sions during this Symposium will provide concrete guidance on the priority issues
that are to be addressed by the IAEA programme.

The present Symposium is one milestone in a continuing process of dialogue
and exchange of views among experts from Member States and representatives from
international organizations. It is a direct follow-up of the Senior Expert Symposium
on Electricity and the Environment, which was jointly organized by the IAEA and
ten other international organizations and held in Helsinki in May 1991. The Helsinki
Symposium recommended inter alia that programmes of research on comparative
assessment of electricity generation options and strategies should be undertaken, and
stressed that international organizations having a mandate in this field should play
a leading role and should co-operate to provide improved databases and methodolo-
gies for comparative assessment.

The DECADES project, which is carried out jointly by nine international
organizations, was initiated by the IAEA in 1992 in response to the recommendations
of the Helsinki Symposium and has led to the present meeting. The objectives of the
DECADES project and its main results and outcomes will be presented to you
later on, in particular by the chairman of the Steering Committee for the project,
Mr. Semenov. At this stage, 1 would like only to point out that the co-operative
framework that was adopted to carry out this project has helped to ensure that there
is an objective and comprehensive assessment of all energy options for electricity
generation.

Coming to key issues for decision makers in the power sector, I would like,
first of all, to point out that an adequate electricity supply is a prerequisite for
economic development and for enhancing social welfare. The positive aspects of
electricity use should not be overlooked in the process of assessing the potential
negative impacts of its production. For a number of developing countries that are
experiencing under-supply of electricity and power cuts — which do have significant
adverse economic impacts and also social, health and environmental effects — the
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priority will continue to be on adding electricity generation capacity at affordable
costs. For those countries, comparative assessment includes assessing not only
the potential negative impacts of different supply options but also the impacts of
non-supply. You may recall that the famous Indian scientist Homi Bhabha coined the
expression ‘‘no energy is more expensive than no energy’’.

According to estimates published by the International Energy Agency', elec-
tricity demand in developing regions of the world is projected to grow up to the year
2010 at a rate of about 5% per year, i.e. about twice as high as the rate in OECD
countries. If this demand is met, it would mean that the electricity consumption per
capita would almost double, from just under 700 kW-h per capita to around
1200 kW -h per capita. Even so, this would still be less than one sixth the electricity
consumption per capita in OECD countries, and in some countries the levels would
be far lower. This clearly indicates that further increase in generating capacity is
inevitable. -

A particular question is the impact of today’s energy choices on tomorrow’s
world. Classical thermal power plants have typical lifetimes of some 30 years,
nuclear power plants of the newest generation are expected to be in operation for
around half a century and hydropower plants have even longer lifetimes. Heavy
metals in the wastes arising from fossil fuel burning will remain toxic forever and
some radioactive wastes have to be disposed of in repositories ensuring their isolation
from the biosphere over many thousands of years. Increasing CO, concentrations in
the atmosphere might entail irreversible global climate change. In view of these long
term effects of energy choices, care must be taken to avoid energy policies and waste
handling practices today that will lead to unacceptable effects for future generations.

In spite of the global attention that has been given to all aspects of energy
supply systems, we still face major areas of uncertainty. The uncertainties surround-
ing global climate change issues illustrate this point. First, there is the uncertainty
about the amount of climate change that might result from rising concentrations of
greenhouse gases in the Earth’s atmosphere. Secondly, there are difficulties in
assessing and evaluating the overall social, health and environmental impacts of
global climate change, if it were to occur, in a given country or region.

Let me emphasize that nuclear power is one of the few energy sources for
which the risks and potential impacts have been recognized and dealt with from its
very beginning. The effects of radiation exposure due to nuclear power production
are much better known — and more strictly limited — than the effects of pollutants
from other energy cycles. Furthermore, the costs of minimizing these impacts are
largely internalized in nuclear power generation costs. For fossil fired power plants,
the emissions of SO, and NO, can be reduced — at a considerable cost — through

! Energy Policies of IEA Countries: 1994 Review, International Energy Agency,
OECD, Paris (1995).



OPENING STATEMENT | 9
the installation of scrubbing devices. In this area, 1 may mention that the demonstra-
tion of electron beam accelerators as an advanced technique for flue-gas cleaning is
being assisted by the IAEA through its technical co-operation programme.

vl -

Carbon dioxide emissions, however, cannot be controlled through economi-
cally viable methods, and the assessment of the potential cost of CO, emissions, as
well as the finding of ways to include. this cost in the prices paid by consumers are
particularly difficult. Other potential impacts from fossil fuel burning, for example
those due to toxic heavy metals in particulate emissions and solid wastes from coal
burning, also are much less well known than the effects of radiation.

This points to the urgent need for further research in the field of impact assess-
ment, for evaluation of external costs and for ways to include these externalities in
the prices paid for energy and electricity.

Finally, I would like to stress the transboundary aspects of national power
sector policies. While decisions about using or not using any given technology are
and will remain the prerogative of each country, it should be recognized that these
decisions can have significant impacts beyond the country’s borders. Comparative
assessment frameworks should allow analysis of transboundary impacts and reflect
them in the choice of optimized strategies for electricity system expansion. In this
connection, international organizations can play a key role in helping to build con-
sensus on global priorities, which in turn will facilitate the implementation of
sustainable strategies in different countries — reflecting both regional priorities and
worldwide objectives.

The issues that I have pointed out in these introductory remarks certainly are
not exhaustive, and I am sure that the experts participating in this Symposium will
~ identify and elaborate on a number of other important issues and initiate a more com-
prehensive discussion on the challenges that decision makers will face in the coming
years. This Symposium will not address or solve all the problems. However, 1 do
hope that it will offer opportunities for a fruitful exchange of views between experts
having a wide range of scientific backgrounds and representing different regions of
the world. Moreover, I am convinced that the presentations and discussions will help
to better understand the issues and to highlight ways and means for addressing them.
The findings and recommendations from the Symposium should also identify areas
where further work should be undertaken by international organizations and national
research institutes, with a view to a broader use of comparative assessment as a part
of the decision making process for the electric power sector.

The challenge remains to design approaches that incorporate all relevant
elements into a comprehensive comparative assessment of different options and
strategies, and to develop enhanced databases, analytical methodologies and other
decision aiding tools upon which policy makers can rely to support their decisions.
International organizations have an important role to play in helping to meet these
challenges. In particular, internationally harmonized approaches — designed and
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agreed upon in a co-operative framework — may help to address transboundary
issues, such as acid rain, and global issues, such as greenhouse gas emissions.

I trust that these points and other issues will be discussed thoroughly during
this Symposium, and I look forward to the concrete outcomes, conclusions and
findings that will result from the presentations and discussions that will take place.
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Directorate General for Science, Research and Development (DG XII),
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Technology, and in particular research and development (R&D), is playing a
major role in the issue of electricity, health and the environment, but it would be
wrong to focus only on technology. It is crucial to understand also the links between
electricity and the rest of the energy system and between electricity, the environment
and the economy. All decisions concerning the electricity sector have very important
consequences on the above mentioned areas (energy-environment-economy, E3).

There are three key factors regarding future development:

— Electricity is at the heart of modern society; the services that it provides for
households and for the productive sectors reflect and illustrate the progress of
the society. Electricity is also the key factor in the economic development in
developing countries; two billion people in these countries have no electric
facilities — a situation that will have to be changed in the future.

— Environmental issues have to be taken into account and integrated in the design
of any instrument and policy; they play a role at a local level and, as recognized
more recently, also at a global level.

— The institutional aspects and the role of regulation/deregulation taking place in
the ongoing liberalization of the energy market are other components that have
emerged and that have to be considered because they have a strong impact on
the functioning of the electricity system.

These three factors are crucial for the future of the electricity system. They are
central to the ‘Green Paper’ and the next ‘White Paper’ that describe the new energy
policy of the European Commission (EC); they are also the main driving forces of
the R&D energy strategy of the EC.

The relationships between electricity and the E3 areas are very complex and
it is not possible to manage the whole system without very efficient and reliable tech-
nologies on the one side and without comprehensive and robust management and
planning tools on the other side. Research is playing a crucial role, for two main
reasons: it provides new technologies that can be used to reconcile the issues of
pressure on energy demand and resources, of emission control and of the market
conditions in terms of competitiveness. Research also provides the modelling and
accounting framework that is needed for a better understanding of the whole
electricity-E3 system and for an optimal planning of investments.

11
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As regards the new technologies, there are a number of principles:

— Both supply and demand of electricity have to be considered; from an initially
supply oriented R&D activity, we are moving more and more to end-use
technologies. A new balance between demand and supply efforts is required
in order to ensure the deployment of cost effective demand options and to
strengthen the customer and market approaches that are being followed by the
utilities. A

— Security of supply remains a key concern; for a strategic energy source such
as electricity, R&D has to provide diversified systems in order to avoid depen-
dence on one type of system. R&D also has to provide flexible systems to
permit rapid transfer from one source to another.

— Similar to the previous points, R&D in support of decentralized systems of
production/consumption of electricity has to be strengthened: the changing
regimes in the context of market liberalization, the environmental advantages
of such systems and the new opportunities they offer for new energy sources,
in particular renewable ones, are leading more and more to the deployment of
decentralized systems.

— Finally, there is, of course, an optimal allocation to centralized systems and
decentralized systems that will be implemented. So, R&D still has to improve
the options of the centralized system, in particular those which represent a
benefit for the environment, such as clean coal technologies.

Modelling is the second outcome of research; its status is now well established.
This is due to two reasons: first, substantial progress was made over the last few
years in terms of a relevant representation of the functioning of the energy system,
in terms of data and in terms of software; second, the usefulness of modelling in
addressing the complex issues of the electricity system is well recognized. Today,
policies cannot be presented without quantitative and in-depth analyses of their
impacts on the E3 areas.

Modelting has a long tradition; nevertheless, environmental issues and
their global dimension have reinforced its interest and its necessity. The Helsinki
Conference and the consequent IAEA activities have illustrated this evolution; the
DECADES project is a positive outcome of these activities.

The EC has also invested in modelling; the main features of its efforts are as
follows:

(@) A large set of energy models has been developed. These models are well
known to a large number of the participants of this symposium; they are also
well established in the European countrics. MEDEE and EFOM, the first
generation of tools, followed by MIDAS and HERMES, are well known and
I will not go into details. Nevertheless, I will emphasize the fact that such
models have been or are part of the decision process for the elaboration of the
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EC policies. The application of these models to the assessment of the climate
change issue, the preparation of the Green Paper and the design of the R&D
energy strategy was crucial and it is important to point out their usefulness.

(b) Large additional efforts have been focused during the last years on the issue
of electricity, health and the environment, illustrating the importance of this
area. First, a ‘green accounting’ method for the electricity system has been
elaborated. The accounting framework of the environmental costs associated
with the full cycle of the different fuels used for electricity production has been
quantified both in physical and monetary terms. This activity, performed in
co-operation with the United States Department of Energy, the Oak Ridge
National Laboratory and Resources for the Future (RFF), which started four
years ago, called ExternE, is now well established in Europe and results are
being disseminated within the 15 countries of the European Union.

(¢) This accounting framework is not sufficient in itself and has to be supple-
mented by the development of a parallel, new modelling framework; in the
jargon of modellers, it is called the ‘E3 new generation’ and comprises general
or partial equilibrium models called SOLFEGE and PRIMES. Strong efforts
have been made in this direction because this new generation of models offers
many advantages: they integrate fully the environmental dimension in terms of
damages and costs, in terms of behaviour and preferences and in terms of
technologies; they also represent the new rules of the market and they identify
the role of the actors, namely the utilities, the public authorities and the con-
sumers. Such developments are crucial if we want to convince policy makers
of the reliability of the figures provided by the models: they must reflect the
real situation.

These new modelling tools will be discussed during the symposium,; therefore,
I will not go into niore detail. Nevertheless, I will emphasize the use that will be
made of such tools, as this will reflect real motivation.

The mandate of the Berlin meeting includes the definition of objectives and
measures for the reduction of greenhouse gas emissions, which calls for intensive
and wide application of models. It will be necessary to relate the climate change issue
to the new emerging rules of the market; hence, it is crucial to make an in-depth
assessment of the electricity issue. The EC is making strong efforts to fulfil this man-
date. The study on the ‘“Climate Change Technology Strategy within a Competitive
Energy Market”’, together with other major-studies such as ‘“Energy 2020°’, should
help us to define technological options and other optimal actions or instruments,
taking into account the complexity of the electricity system. These studies should
also help to define the R&D energy strategy of the EC for the next six years.

A logical follow-up to the evaluation of the environmental costs of energy is
the question of how to internalize them in the decision making process. More
research has to be done to provide answers to the utilities, the public authorities and
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the consumers of energy. Examination of the role of the different instruments,
control and command regulation, taxation, voluntary agreements and their feasibility
and acceptance is one of our mandates. It offers the advantage to put into practice
and to make operational the vision that we had at the start of the work.

An important point is the willingness of the EC to apply the modelling tools
both to the definition of our policies and to the current practice of the actors in the
energy sector. This is indeed my first message.

My second message is to point out the necessity of international co-operation
in this regard. For global issues, a global answer has to be found, which means that
the dialogue must be based on common objectives, concepts and tools.

This Symposium, organized by the JAEA in collaboration with other inter-
national organizations, illustrates this necessity. I congratulate the organizers, and
I also welcome the participants; their participation means that they are motivated to
work with us on the basis of common views.
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The objective of my presentation is to give an overview of the medium and
long term options and priorities for meeting the rapidly growing energy demand in
developing countries and economies in transition while ensuring environmental
sustainability. The investment needs associated with this growth are estimated to be
of the order of US $150 000 million per year for the power sector alone and will
need to be financed by a mix of national resource mobilization and international
capital flows, The main messages I would like to convey to you are as follows: First,
I agree fully with the statement of Dr. Blix that energy development is an essential
prerequisite for economic development. Second, coal will still account for about one
third of the world energy use by the year 2020, despite improvements in energy
efficiency and the greater use of renewable energy technologies. Finally, the World
Bank feels strongly that financial sustainability through reform of the power sector
and sound electricity pricing are prerequisites for environmental sustainability.

How large will the energy demand be and what are
the determinants of energy growth?

- The total world energy demand will depend on population growth and the
per capita energy consumption. The population growth is uncertain, but it is clear
that the world is on the verge of a major threshold in comparison with historical rates
of growth. The base case projection used by the World Bank shows an increase from
the current population of about 6000 million persons to roughly 12 000 million
persons by the year 2100, and this is the assumption behind the following
projections. '

The growth of the per capita consumption will take place in the developing
world, but it is assumed that by the year 2030 the per capita energy consumption
in the developing world will still be only about one third of that in the developed
world. Some might say there is no need for the developing world to follow the energy
intensive path followed by the developed world, but even in that ¢ase there will still

15
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be a major difference between developing and developed countries by the year 2030,
The energy use in the OECD countries will remain unchanged, with the additional
energy needs in the developed world probably being met solely through efficiency
gains. In the developing world there will be a very rapid increase in energy use.
Under the above mentioned assumptions, the total primary energy consumption in
developing countries is expected to equal that in OECD countries by the year 2000;
by the year 2030, the primary energy consumption in developing countries will be
2.5 times greater than that in OECD countries. I want to make clear that this is an
energy efficient scenario; if we do not see major gains in energy efficiency, both on
the supply side and the demand side, the picture will be different. In fact, our projec-
tion is that, by the year 2025, without a price reform, we would have to install in
the developing world the equivalent of the entire present OECD capacity. Thus,
implementation of a price reform and improvement of supply and demand side
efficiency are absolutely essential components of environmental sustainability.

Pollutants

We now discuss briefly some of the environmental pollutants. What are some
of the sources of these pollutants and what are the lmpacts if pollution is not abated?
At four main levels, there are:

— Indoor pollution originating primarily from cooking fires and resulting in high
levels of respiratory illness;

— Local outdoor pollution in urban areas in the form of particulates, effluents
(both solid and liquid from power plants), smog, and lead compounds from
gasoline, causing increased illness and environmental degradation;

— At the regional level, acid rain from SO, emissions, leading to deforestation
and reduced agricultural productivity;

— At the global level, a potential for climate change through the greenhouse
effect, which in turn is caused primarily by CO, emissions.

It is fashionable in this era to focus attention on global warming, and clearly
we will have to do this in the long term, but we must not forget that the most
debilitating diseases due to environmental impacts are caused by local pollution. For
low income people in developing countries, in both urban and rural areas, indoor
pollution is a major health hazard. I was recently in China, and I was again reminded
of the danger of local effluents without proper environmental control. It accounts for
massive cancer rates as well as very high rates of respiratory diseases; these
problems must have high priority generally. Indoor pollution is also a major
problem, particularly in the developing world. A typical example in the developing
world is the normal cooking arrangement — an open fire inside the house — with
massive impacts on the health of individuals. The use of improved stoves leads to
significant reduction of indoor pollution.
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Regional pollution

To address the problems of growing SO, emissions, the World Bank, the
Asian Development Bank and the International Institute for Applied Systems
Analysis (IIASA) are working together with a network of about one hundred Asian
scientists in the RAINS-Asia project to analyse the impact of SO, dispersion and
sulphur deposition. The RAINS-Asia project models the impacts of growing energy
consumption, especially SO, emissions and dispersion from sources throughout the
region. The impact of sulphur deposition on 31 terrestrial and aquatic ecosystems is
estimated according to dose response functions based on previous scientific studies.
In some locations, the rate of sulphur deposition already exceeds the local capacity
of ecosystems to absorb the acid rain arising from SO, emissions. At present, China
is most severely affected and will further suffer from the consequences of these emis-
sions because of its high dependence on indigenous coal, even under a scenario of
high substitution and high energy efficiency. A recent study, financed by the Global
Environment Facility (GEF) on alternative strategies for greenhouse gas abatement,
estimated that by the year 2020, even under this scenario, China will still rely on
coal for two thirds of its primary energy requirements. If there are no controls on
SO, emissions, then, according to current projections of the growth in emergy
consumption, the situation will be critical throughout most of South and East Asia
by the year 2020. With modest controls, leading to reductions of SO, emissions of
about one half of those targeted for Europe and North America, the situation in the
year 2020 would be roughly the same as that in the year 1990, although the situation
in India would be worse than the present one.

Options for a reduction of pollutant levels

The first option for a reduction of pollution levels is obviously an increase in
energy efficiency on both the supply side and the demand side; this would involve
very major institutional and policy reforms and investments in efficient technologies.
Fuel substitution will also be extremely important, particularly substitution of natural
gas for coal and oil, as well as substitution of modern fuels for firewood and dung.
Finally, in the longer term, we will have to apply new technologies, such as the use
of ‘clean’ coal and fuel cells, solar power and other renewables, improved fuels for
vehicles and emission controls. These measures are not mutually exclusive nor are
they substitutes for each other. They are all complementary and, taken together, they
can reduce energy related pollution to sustainable levels. I think we have to recognize
that this will take time, but it is very important that we move towards developing
such technologies, because in the long term they have to provide solutions to our
problems. The introduction of pollution reducing practices depends on policy choices
among a mix of options, and on technology choices and investments. The appropriate
mix of policies and technologies will depend on the situation of each country, its
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resource endowment and the inevitable trade-offs required to achieve economic
development objectives while ensuring environmental sustainability.

How much can energy efficiency achieve?

The World Bank policy for energy development puts emphasis on improve-
ments in energy efficiency, but this does not mean just installing compact fluorescent
light bulbs.

In Pakistan, by the year 2000, the energy efficiency programme is expected
to save about 2500 MW or about 15% of the projected peak load of 14 500 MW,
About one third (32%) would be from supply side measures (power plant efficiency
improvements, transmission and distribution loss reduction). About two thirds (68 %)
would derive from demand side savings, with more than one half of these savings
coming from pricing measures, such as time of day pricing for industrial consumers
and improved tariff structures for residential and agricultural consumers. The
remaining measures are associated with technical improvements, involving invest-
ments in more efficient end-use equipment. We should not forget that in the develop-
ing world the average energy prices are still only 50% of the long term marginal
cost. If we could raise those prices, if we could influence these price increases to
lower the demand curve, and if we could introduce peak pricing — something that
is still very difficult to do in the developing world, we could achieve half of the gains
from these measures, just by shifting the peaks.

Fuel substitution: natural gas

Gas is a very attractive fuel and the environmental benefits and convenience
are such that it becomes the fuel of choice where it is available. Natural gas is
abundant and has good environmental characteristics, such as low NO,, low SO,
and low CO, relative to coal, and no particulates. The difficulty is that gas is not
always available where it is needed; hence gas trade via pipelines or as liquefied
natural gas (LNG}) is essential. Large, if not huge, investments are required for this,
as well as a great deal of international. co-operation and a long time period for
development. The climate change potential of unburned natural gas is thirty times
greater than that of the equivalent amount of coal. As a result, an approximately 5%
leakage rate in gas pipelines would negate the benefits from greenhouse gas abate-
ment by substituting gas for coal in a power plant. I was recently in Tokyo, where
we are now talking about technical efficiencies of the gas combined cycle of around
60%, something that was quite unimaginable before; furthermore, natural gas has
one third of the carbon emissions of coal. But again, as Dr. Blix mentioned, it is
extremely important that gas is transported and used efficiently, since otherwise the
gains associated with burning gas will be nullified. Nonetheless, gas is an extremely
important fuel if we are to address the environmental problems in the medium term.
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Fuel substitution and alleviation of poverty

Alleviation of poverty is one of the main objectives on the World Bank’s
development agenda. One half of the world’s population relies on biomass for
cooking. Rural populations and poor people in urban areas have no access to low
polluting modern fuels and pay a high cost in terms of cash outlays and their own
personal labour to procure fuels, and in terms of the degradation of their environ-
ment. Biomass is at least five times less efficient than some of the commercial fuels.

What can we do to tackle these problems? A recent study by the World Bank
concerning energy strategies for rural and poor people in the developing world
reviewed the experience gained from previous approaches to improving access to
energy and recommended a significant revision of strategies. First, it is very impor-
tant to increase the choice for consumers in order to give them the option of spending
their limited cash on other fuels. As we have seen earlier, much can be done to
increase the energy efficiency of traditional appliances, and much research and
application is needed in that area. Reducing the cost of fuel switching is also
extremely important. A liquefied petroleum gas cooking ring, even though it may
cost only US $25, is beyond the means of many poor people in developing countries.
Therefore, special credit schemes and other mechanisms will, in our view, have to
be developed so that we will be able to reduce that initial cost of fuel switching.
[ think, fuel switching is easier in the power sector. We can introduce lifeline tariffs,
and we can amortize over a period of time the cost of connecting new consumers,
which is also essential, rather than full payment at the time of connection. Finally,
we have to level the playing field. It is sometimes forgotten that many barriers to
possible alternatives are put up. Very often, there are significant trade barriers,
significant tariffs or import quotas, particularly for photovoltaic (PV) systems, which
should now become quite competitive in areas that are not connected to the national
grid. It is interesting to note the experience in Kenya in the last few years, where
the Government did level the playing field and did remove some of the barriers
to the import of PV systems, with a consequent explosion in the provision of
PV systems in rural areas. A whole industry has formed in Kenya, consisting of
small scale suppliers who supply PV systems to the rural population and provide
service of these systems. This was made possible by levelling the p]aymg field and
by correcting the anomalies in the trade regime.

The clean technology initiatives of the World Bank

The World Bank has launched several initiatives to accelerate the transfer of
clean technologies to developing countries. These initiatives call for increased
promotion and facilitation of project financing in order to increase trade in gas and
commercially viable clean technologies. There are also technologies, such as clean
coal technologies and fuel cells, which are in the early stage of commercialization.
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Participation of the World Bank could help identify niche applications and opportuni-
ties to accelerate the commercialization process.

In other cases, more research, development and demonstration work is
required. We are currently exploring, together with the US National Academy of
Sciences and others, how an international collaborative effort could be mounted in
order to ensure that new technologies will be available in developing countries,
where they are needed most to meet the rising demand for energy.

As I mentioned before, the use of PV systems is particularly promising; the
cost of these technologies has decreased very rapidly in the last few years, and in
many cases, particularly in areas without connection to the grid, they are actually
competitive in their own right. Also, the advent of the GEF does give us the chance
to buy technologies that are close to being commercial. The World Bank has started
a so-called ‘solar initiative’, the purpose of which is basically to help countries to
identify and then develop renewable projects, which can then be financed either in
their own right, as fully commercial projects, or by using and leveraging up the
GEF. The World Bank has also started the so-called ‘clean coal initiative’; the idea
of this is to look at the whole fuel chain, all the way through from the mine to the
thermal power plant, and to assist countries in applying the newer and cleaner
technologies for coal, which is the basis for the energy supply in the major countries
connected with the World Bank. By the year 2020, China will still be producing two
thirds of its energy from coal, and it is absolutely essential to implement mechanisms
to clean up that energy source. This will require the transfer of technologies as well
as putting into place institutions and policies that will act as incentives for putting
these technologies into place.

Finally, there is a need to promote appropriate research and development,
particularly for some technologies; for biomass, for example, very specific technolo-
gies will be required that are applied to and developed in and for the third world.
The World Bank is trying to put together several collaborative arrangements for this
purpose. I would actually be very interested in discussing this with you during the
next few days.

Magnitude of the task

The financing requirements for electric power in developing countries will be
enormous. For the power sector alone, a capital of approximately one trillion
US dollars will be required in the 1990s, or approximately US $150 000 million per
year.

Can a policy be environmentally sustainable if it is not finaneially sustainable?

The answer of the World Bank to this question is ‘‘no’’. The experience in the
electric power industry is clear. If utilities are not financially viable, they cannot
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meet the growth in demand, they cannot build, operate and maintain plants that meet
even modest environmental standards, and they cannot attract the private investment
needed.

Sector reforms are an essential first step, beginning with correct energy
pricing. Commercialization, co-operation and the establishment of a sound regula-
tory framework are needed to set the stage for increasing private sector participation
in debt and equity financing.

If the clients of the World Bank were to increase their average energy prices
so that they represent the long term marginal cost rather than keeping them at 50%
of the long term marginal cost, they could mobilize US $100 000 million through
this increase alone. In fact, most of the financing needs could be met by such an
increase. In addition, the private savings, i.e. the global savings from which most
of the remainder would have to be funded, are actually there. The average savings
rate in the developing world represents approximately 25% of the gross domestic
product (GDP). Although they vary significantly fiom country to country, the
savings rates in the countries that have to make the highest investments in East Asia
are actually higher than the average of 25% of the GDP. These savings in the devel-
oping world amount to 1 trillion US dollars per year, and the energy and power
sectors need about 50% of those savings. Thus the resources are available. In order
to mobilize these resources, sector reforms will be absolutely essential. Bankrupt
State entities will not be able to mobilize private savings. Only entities which are
separate from the Government, entities which are subject to competition so that the
desperately needed efficiency gains can be achieved and entities which operate in a
fairly transparent regulatory environment will be able to mobilize those savings.
Indeed, they can become the real sector foundation for the development of the capital
markets in many of the client countries of the World Bank. Thus, sector reforms are
absolutely essential for financial sustainability and critical for environmental
sustainability.

What are the priorities?

Priorities need to be addressed at two levels:

— At the global level, through increased gas trade and acceleration of the use of
clean technologies.

— At the country level, through sector reforms in order to enable increased
private participation in sector expansion and energy efficient programmes.

Improvement in technical efficiency on the supply and demand sides will only be
achievable and sustainable within a framework of macroeconomic and energy sector
reforms. Appropriate environmental standards are needed, but they must be
attainable and enforceable to be effective.
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On this basis, energy cfficiency programmes can be started. The price reform
will lay the basis for successful energy efficiency programmes on the demand side.
However, as far as energy efficiency. programmes are concerned, I believe that we
really need to start thinking afresh about the structure of such programmes for the
various countries. Demand side utility models, which are prevalent in the United
States of America and in some European countries, are not necessarily those which
would be most successful in the developing world. We need to consider new
mechanisms through which the new unbundled power systems! can encourage
energy efficiency on the demand side beyond a mere price reform. We have to find
ways 1o encourage energy service companies so that they can succeed, and we need
to develop appropriate environmental standards and try to develop mechanisms to
implement those standards, both on the industrial side and with regard to building
codes.

A major challenge lies ahead of us, but we are confident that, with a massive
reform on the supply side, and with interventions by a combination of the power
utility, energy service companies and consumers on the demand side, in parallel with
establishing appropriate environmental standards, we have the basis, or we can form
the basis, for a world in which long term environmental sustainability for the power
sector is possible.

[} . . . .
Restructured power systems, with a number of separate corporations responsible for
generation, transmission and/or distribution, or combinations of this, depending on the
circumstances.



OPENING STATEMENT

J. Aloisi de Larderel
Industry and Environment Office,
United Nations Environment Programme,
Paris, France

Starement delivered by
G. Mackenzie
UNEP Collaborating Centre on Energy and Environment,
Risg National Laboratory,
Roskilde, Denmark -

The United Nations Environment Programme (UNEP) is proud to be a co-
organizer of this international Symposium. I am honoured to be able to present this
statement on behalf of UNEP. It was in fact to have been delivered by the Director
of the UNEP Industry and Environment Office in Paris, Mrs J. Aloisi de Larderel.
However, because of the present restrictions on travel by United Nations staff,
decided by the Secretary General in view of the budget situation, Mrs Larderel is
unfortunately not able to attend the Symposium. As a member of an dffiliated centre
1 am not affecred by the ban and therefore I have been given the task of reading the
address. ‘ . '

The Executive Director, Ms E. Dowdeswell, and Mrs J. Aloisi de Larderel
have asked me to express to you how much they regret not being able to take part.
They have asked me to convey to all of you théir best wishes for a successful and
productive Symposium.

1. BACKGROUND

The need for this Symposium is prompted by two potentially conflicting reali-
ties: on the one hand, the world needs more electricity and, on the other hand, we
are committed to pursuing a path of sustainable development.

Projections indicate a rapidly growing energy demand in the developing world,
particularly in Asia. At the same time there is a growing recognition of the potential
negative environmental and social impacts of increasing energy consumption and
production. Meeting this growing demand requires investment in power plants and
infrastructure, and of course in the appliances and equipment that consume electricity.
and provide the services we need for human well-being, the industry, transport, etc.

23



24 ~ ALOISI DE LARDEREL

The challenge faced by energy policy makers, public utilities, private power
companies and other industries, now and increasingly in the future, is to provide
these services in the most sustainable way. Determining the most sustainable mix of
energy forms and technology requires considering whole systems, matching the
quality of energy to the type of energy service, and taking account of economics,
the use of natural resources, security of supply, use of labour, public acceptance,
as well as the various effects on the environment.

In the four years that have passed since the Helsinki Senior Expert Symposium
on Energy and the Environment, there has been a tremendous amount of activity in
different centres, exploring and developing new techniques to take account of the
environmental and health effects of electricity generation. The aim of this Sympo-
sium is to share the experience in approaches, methods and tools for comparing the
disparate environmental and health impacts of different technical solutions and
options, so that the necessary planning, policy and investments in the power sector
are compatible with our objective of a sustainable future.

2. UNEP’s ROLE IN ENERGY

UNEP is the United Nations agency charged with responsibility for the
environment. The energy programme of UNEP is a relatively modest component of
its activities, but it is of central importance.

Why is energy such an important part of UNEP’s programme of work? Simply
because energy is one factor that plays a role, to a greater or lesser extent, in almost
all the environmental issues with which UNEP is concerned: from climate change
to the urban environment, from ozone depletion to loss of biodiversity, from pollu-
tion of the seas to deforestation and desertification.

Moreover, within the United Nations system, UNEP’s energy programme is
in a unique position, spanning all forms of energy production and use, in all types
of countries, by virtue of the common environmental dimension.

One of UNEP’s aims in the field of energy is to reach out beyond the environ-
mental community and to encourage greater incorporation of environmental con-
cerns into the economic decision making process affecting energy production,
transportation and consumption. It is in this catalytic role, providing encouragement
and information, collaboration and capacity building, that UNEP’s particular
strength and objectives lie.

UNEP does not have a special policy with regard to electricity as such. We
recognize nevertheless that electricity is unique among energy forms. Electricity pro-
vides the possibility for clean and efficient energy use in households, transport and
industry, with enormous potential benefits to human health and well-being. In order
to provide electricity to growing populations with increasing standards of living and
expanding industries, however, power must be generated in massive amounts. This
introduces the risk of potentially serious environmental impacts.
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UNEP’s primary role in this area is to foster environmental awareness on the
part of Member States: to encourage greater incorporation of environmental issues
into energy planning and policy.

2.1. New priorities for UNEP’s energy programmé

During 1995, internal discussions and consultations have been going on within
UNEDP, to define more precisely UNEP’s role in the field of energy. Indeed, all
UNEP programmes have been undergoing scrutiny and reformulation. Some of the
objectives of the new UNEP energy programme are:

— Establishing UNEP as a key source of information on reducing the environ-
mental impacts of energy utilization;

— Encouraging environmental sustainability in governmental and private-sector
decisions on new energy policies, programmes and infrastructure in develop-
ing countries;

— Encouraging the increased use of energy efficient technologies and renewable
energy technologies through market forces in developing countries;

— Encouraging integrated resource planning in developing countries;

— Defining environmental requirements in contracts for private power
producers;

— Identifying and encouraging removal of barriers against implementation of
environmentally sound energy options;

— Providing mechanisms to improve the scientific and technical information used
by countries to implement the Framework Convention on Climate Change.

The UNEP Collaborating Centre on Energy and Environment, based at the
Rise National Laboratory in Denmark, is continuing to expand and will play an
important role in UNEP’s energy programme. With its international core staff of
energy scientists, planners and economists, its network of collaborating institutions
and its growing roster of guest rescarchers, the Centre has supported UNEP in its
catalytic role of encouraging the incorporation of environmental aspects into energy
policy and planning. This has been done largely through collaborative projects,
capacity building and methodological development. This role will be further
expanded and is itself an example of the instigating role of UNEP.

3.  ENVIRONMENTAL IMPACTS

The generation of electricity can lead to significant environmental effects at
different geographical levels and over different time-scales.
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3.1. Global issues

The global environmental impacts of energy, particularly power generation,
have been at the top of the agenda in recent years. Rapid climate change is perhaps
one of the most serious man-made environmental threats ever faced by the world.
The latest study from the Intergovernmental Panel on Climate Change (IPCC) indi-
cates that there is a convergence between the predictions of global climate models
and the empirical evidence. While nobody can say with certainty whether recent
extreme climatic events are due to anthropogenic accumulation of greenhouse gases,
the circumstantial evidence is mounting.

Emissions of CO, are responsible for about 60% of the global warming
impact. Most of this CO, comes from the combustion of fossil fuels, and about 30%
of this is associated with power generation. With the expanding worldwide demand
for electricity and the general expectation that much of this will be satisfied by com-
bustion of coal, it is not surprising that the limitation of CO, emssions from the
power sector is a central element in a climate change mitigation effort.

UNERP has played a leading role at the international level, as co-founder of the
IPCC together with the World Meteorological Organization, and as a partner in the
Global Environmental Facility together with the United Nations Development
Programme and the World Bank. Of relevance to this Symposium is the work in the
field of mitigation analysis.

UNEP has contributed extensively through the support of country studies and
the development of a methodological framework for analysing climate change miti-
gation options. The UNEP Greenhouse Gas Abatement Costing Studies, started in
1991, initially covered ten countries. This activity was instrumental in the develop-
ment of the methodology and the building of local capacity in participating countries.
Studies on a further eight countries will start in the next few months, taking the
methodological development and application further. The framework established by
the UNEP team and by colleagues in the participating countries has also contributed
to the US Country Studies Programme on Climate Change and to the work of the
IPCC Working Groups II and III.

3.2. Regional issues

Regional issues, particularly acidification of ecosystems, were in the forefront
of our attention during the 1980s. Acidification, caused by long range transport of
sulphur and nitrogen compounds, was first considered as a serious problem in
Europe and North America in the early 1970s. A number of major projects were
initiated in the 1980s, aimed at resolving uncertainties over the causes and effects
of acidification. From these projects a broad scientific consensus emerged, and many
of the processes that result from pollutant emission, transport, deposition and eco-
logical damage are now well understood.
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An attempt has been made to tackle the problem of acidification in Europe
through the Convention on Long-range Transboundary Air Pollution of the United
Nations Economic Commission for Europe.

Acidification has generally been regarded as a problem confronting the indus-
trialized countries. However, there is a growing danger of acidification problems in
developing countries where there are ecosystems t that are potentially sensitive to acid
deposition. Without due control of emissions, severe damage similar to that in some
industrialized countries is likely to occur in the future.

3.3, Other environmental impacts

Environmental effects from power production are of course not limited to
global and regional air pollution. Power plants also contribute to local air pollution,
and there are many other environmental impacts that can be associated directly and
indirectly with electricity. :

It is important to consider regional and local environmental impacts as well as
the global effects. This is not to play down the importance of the threat of climate
change. Indeed, addressing the local and regional environmental effects in most
cases has a positive effect at the global level. There is a potential for ‘win-win’
situations; for example, improving consumption efficiency, switching to cleaner
fuels and installing modern high efficiency generation equipment w1th pollution
control will reduce pollution at all levels.

3.4. Fuel chains

The consumption of any form of energy involves a chain of processes, each .
of which can have different environmental impacts. A method for analysing and
comparing fuel chains was recently developed in a UNEP project by the Stockholm
Environment Institute and the UNEP Collaborating Centre on Energy and Environ-
ment, and was implemented through case studies in Venezuela and Sri Lanka.
Fuel cycle analysis goes beyond the typical environmental assessment at
the site of energy use or conversion, considering the ‘chain’ of activities and environ-
mental effects that occur elsewhere as a result of consuming a unit of fuel or energy
resource. A more detailed presentation of this project will be given later in the
-Symposium,

4. ENVIRONMENTAL BENEFITS OF ELECTRIFICATION:
THE CASE OF DEVELOPING COUNTRIES :

The use of electricity has, of course, beneficial effects, not least for the local
environment. The use of electricity in certain industries and in households, instead
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of fuel consumption, often means higher efficiency as well as less pollution and
fewer health hazards.

While the availability of electricity has penetrated virtually 100% in the indus-
trialized countries, there is still a huge potential for electrification in developing
countries. An estimated 2000 million people have no access to electricity.

One example of an area where electrification can provide considerable benefits
is the household sector, where the use of biomass fuels for cooking leads to serious
local and indoor air pollution. It has been estimated that several hundred million
people (according to the WHO Consultation Study on Indoor Air Pollution and
Biomass Fuel, 1991), mainly women and children, are exposed to dangerous levels
of pollutants every day, with serious consequences for health.

The provision of biomass fuels often involves environmental damage. It is now
generally accepted that the harvesting of wood for fuel is rarely the main cause of
deforestation. Clearing of forests for obtaining new agricultural land is the most
frequent culprit. Nevertheless, there can be severe local impacts, with large areas
of forest being cleared for conversion of wood to charcoal in order to satisfy the
demand for cooking fuel for urban households.

Proper ventilation and better stoves offer possibilities for improving indoor
conditions, and sustainable forestry can reduce or eliminate the loss of trees.
Nevertheless, in many cases, electrification would provide a better solution.
Electrification of peri-urban areas in developing countries generally requires external
assistance, but considerable long term social benefits are expected. The provision of
electricity can contribute to a better standard of living, as well as eliminating indoor
and local air pollution. Substitution of biomass fuels may also have environmental
benefits, although, as noted above, the connection is not always a clear one of
reduced deforestation.

5. UNEP’s CONTRIBUTION TO A SUSTAINABLE FUTURE

Working towards a sustainable future means fulfilling the needs of society —
households, services, industry, transport — in a way which causes least damage to
the immediate environment, minimizes greenhouse gas emissions, minimizes the use
of non-renewable resources and does not expose local populations to undue risk. All
this should be done as economically as possible, thus freeing resources for other
essential sectors.

One of UNEP’s primary roles is to help Governments and international organi-
zations to take better account of the environment in order to facilitate choices that
promote sustainability. This means building experience and institutional capacity,
developing methodological frameworks and tools for assessment of the comparative
costs and benefits of different options, and demonstrating and encouraging the use
of these methods.
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The two UNEP activities mentioned, the Fuel Chain Analysis project and the
Greenhouse Gas Abatement Costing Studies, are examples of how capacity building
and methodological development can be fostered through international collaboration
and dissemination of the results to all interested parties, for the good of the local,
regional and global environment.

This Symposium provides an excellent opportunity to share our views on the
issues and our experience in different methods, to learn from the examples and to
discuss how these results and techniques can be applied to help provide electricity
to a growing global population in a sustainable way.
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I am happy to see that major international organizations have come together
here to contribute their experience and their views on the crucial issue of energy and
the environment. I am particularly gratified to see that an initiative by four Vienna
based organizations, namely the IAEA, IIASA, OPEC and UNIDO, started five
years ago, has prospered and expanded. It was our aim to establish closer
co-operation between organizations having to do directly and indirectly with various
aspects of energy. We also believed that the strengths and expertise of each organiza-
tion can contribute to enhancing the capabilities for incorporating issues of health and
the environment in the process of planning and decision making for the electricity
sector. The DECADES project exemplifies this approach.

I wish to address here the subject of industrialization, which is inseparably con-
nected with energy. In the next century, 60% of the world’s population growth will
take place in developing countries and will increase the pressure on already fragile
economies. These growing populations need to have access to income earning oppor-
tunities, which necessitates the development and expansion of the industrial sector.

We can expect that the industrialization process in developing countries will
require a tripling of energy supplies by the year 2025. By that time, 40% of the
~world’s energy consumption will be in developing countries. These countries, like
all other.countries, are requested to contribute to the common goal of reducing
greenhouse gas emissions, .

In view of this, the obvious question is how developing countries can secure-
the growing energy needs for their legitimate development goals and how they can
reconcile these with global commitments regarding the environment. In order to find
answers to this vital question, we need to identify the critical factors impacting the
choice of energy systems.

I wish to recall at this point that the key to sustainable energy development is
the need to include socioeconomic, environmental and cultural dimensions in the
decision making process. This infers that the analytical tools used in the process must
be sensitive to the local conditions to which they are applied. I will elaborate on this.

Typically, developing countries face a number of constraints that influence
their energy decisions: inadequate access to appropriate energy saving, clean tech-
nologies; a weak infrastructure and engineering capability; lack of investment funds
and dwindling foreign aid; shortage of foreign exchange currency and lack of skilled
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labour. How much these factors constrain the energy policy of a country varies con-
siderably with its general development and its endowment with natural resources. At
one end of the spectrum there are rapidly growing economies, such as Brazil, China
and India, with vast domestic energy resources and the ability to attract international
investment flows to their industrial sector. At the other end of the spectrum there
are poor countries, such as Sub-Saharan Africa, with underdeveloped economies,
depending largely on traditional energy supplies. This wide spectrum calls for energy
policies and for systems that match the realities and priorities of these countries in
order to contribute to their sustainable development.

Given these facts, it appears that four major issues play a decisive role in the
decision making process of policy makers and energy planners in developing
countries:

(1) The potential of energy conservation and energy efficiency;

(2) A sustainable policy for managing the utilization of domestic energy sources;
(3) Flexibility in diversification;

(4) Technological capability.

Let me briefly discuss these issues.

(1) Prior to assessing energy systems, an analysis of the requirements must
be carried out, including a viable policy/strategy for reducing the waste of energy.
This component is of significant importance in developing countries, regarding both
the economic and the environmental dimension. While less energy consumption
results in lower emissions and better conservation of natural resources, it also
decreases the need for investments in new energy systems; such investments can be
prohibitively high for developing countries. .

The experience of industrialized countries shows that energy policies favouring
energy saving in the industrial sector can bring about significant results. There is
ample potential in developing countries for energy saving. Inefficient power genera-
tion and excessive use of energy by the industry is a widespread problem. Cost
effective improvements in the existing equipment using energy and the application
of good housekeeping measures in industries can resuit in efficiency improvements
of up to 40%. The investment requirements for these two categories of energy saving-
measures are small to moderate. Process improvements, although much more capital
intensive, can achieve energy savings of more than 50%.

It follows that decision makers need to examine all available options for energy
conservation and energy efficiency, as well as the impact of such measures on the
country’s economic and environmental goals.

(2) With regard to the issue of a sustainable policy for managing the utilization
of domestic energy sources, the following facts have to be considered:
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Many developing countries have a shortage of foreign exchange or spend a
high portion of foreign currency on imports of energy and fuel. At the same time,
many of these countries are endowed with rich domestic energy resources, which can
play a significant role in generating employment, with multiplier effects for the
whole economy. The existence, extent and quality of domestic energy resources need
to be delineated in order to establish their potential for future exploitation. Such an
analysis is a vital component of an energy plan. It allows policy makers to establish
the method of extraction and the costs of the energy resource, and it enables a com-
parative assessment of different possible options.

The most abundant energy resources in many developing countries are coal and
biomass. In China, for instance, coal provides currently over 75% of the nation’s
energy supply. The economic dimension of coal as an energy source is obvious.

The environmental impact of coal, when it is used inefficiently, poses serious
problems both locally and globally. It is expected that the environmental regulations
and the standards for greenhouse gas emissions will tighten worldwide. Developing
countries which depend on their coal reserves for meeting their development goals
need guidance with regard to a gradual technological change that can improve the
cleanliness of conventional coal plants and with regard to new coal burning
technologies.

Biomass, particularly wood, traditionally represents an energy resource for
rural populations and is important for local industrial structures. In Africa, for exam-
ple, biomass, mainly wood, provides over 50% of the industrial energy. For some
of these industries, such as the rubber, tea and tobacco industries, burning of biomass
is an integral part of the production process. Industries processing wood and agri-
cultural products produce wastes, which they use to generate steam for heating and
electricity: Many small manufacturing activities, such as rural brick and lime
industries, are located near raw material deposits and depend on biomass as their
only energy resource.

The use of biomass is, however, often associated with inefficient conversion
processes and deforestation through collection of fuel wood. On the other hand,
stricter regulations on waste disposal and greenhouse gas emissions are a motive for
reconsidering the use of biomass. The availability of efficient conversion technolo-
gies and the possibilities to use municipal and agricultural waste as starting material
have to be considered pragmatically by energy planners.

(3) Regarding flexibility in diversification, we have to realize that the eco-
nomic and social conditions in developing countries are very diverse. There are sig-
nificant differences between urban and rural areas, between large scale industrial
activities and small cottage-level industries, and between the levels of transportation
systems and the infrastructure in general.

An important socioeconomic goal for many developing countries is the
development of rural areas. These areas are often characterized by a low population
density and widely dispersed economic activities, which complicates the establish-
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ment of energy supply systems. For example, 70% of the rural population in Africa
is not connected to a national electricity grid. A further obstacle to electrification is
the size of the investments needed for large central power generating facilities. In
such situations, decentralized energy systems can be instrumental in generating
income-earning opportunities and improving the quality of life of the poor people in
rural areas. v '

New and renewable sources of energy, such as solar power, biomass and small
scale hydropower, should be examined in this context. These sources may not be sig-
nificant enough to be developed for the national or international market, but they can
play an important role locally with regard to economic, social and environmental
issues.

(4) Finally, regarding technological capability, decision makers must be
aware that energy systems are implicitly based on the levels of the infrastructure and
the technological capabilities of the originating countries. Industrialized countries
have made considerable efforts and provided funds for energy research and develop-
ment programmes. These programmes are designed to respond to the specific needs
of these countries. It is therefore reasonable to assume that international technologi-
cal co-operation is not necessarily oriented towards the needs of developing
countries.

An essential element in the transfer of sustainable technologies is the consider-
ation of the environment into which the technology is being transferred. The effec-
tiveness of technologies depends on their adaptation to the respective environment.
Technological changes must therefore go hand in hand with the building of an infra-
structure and the enhancement of capabilities and skills. A technology transformation
path needs to be defined prior to the introduction of new technologies into developing
countries. _

In order to assess and compare various energy systems, decision makers need
to delineate technology transfer as a strategic component of an energy programme.
Thus, the extent to which various technologies can be absorbed and the time and cost
needed for that process have to be examined. '

In the course of this Symposium we will examine the factors influencing the
relationship between energy and human well-being and how these impact energy
decisions. My reflections emanate from UNIDO’s experience gained from advising
developing countries in their energy needs for industrialization. The main lesson we
have learned is that, in order to contribute to sustainable socioeconomic develop-
ment, decisions on energy systems must take into account the specific environmental
situation and the needs of the country in which they will be implemented. This fact
must be considered in the search for energy systems that can sustain the life and
health of future generations.

The challenge for us is to find ways of facilitating this complex task for
decision makers. I wish this Symposium every success in this ambitious endeavour.
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I am pleased 1o address this Symposium on behalf of Professor Obasi,
the Secretary-General of the World Meteorological Organization (WMO), who is
unfortunately unable to participate himself in this important international event,
and to convey to you his warmest greetings and his best wishes for the success
of the Symposium.

The overall objective of the DECADES project is ‘‘to improve the abilities for
comparative assessment of different energy chains for electricity generation’’. The
focus is on the characterization of electricity generation technologies, covering the
entire energy chains, through the collection of data and information on their techni-
cal, economic, health and environmental parameters. A core activity in the project
has aimed at the provision of high quality data and user friendly data management
and display systems. The project has also reviewed methodologies, techniques and
other tools that can be used for such comparative assessments.

Why is this, seemingly fairly technical, project of interest to the WMO”
And why would the results of the DECADES project be of interest to the national
meteorological and hydrological services (NMHSs)? These services are the focal
points for the WMO nationally and it is through the NMHSs that meteorological,
hydrological and climatological information and services are provided to socio-
economic activities, including the energy sector. :

I will try to give an answer to these questions by telling you about some of the
programmes and especially about energy related activities of the WMO.

The WMO is a specialized agency within the United Nations system,.respon-
sible for the global co-ordination -of activities relating to meteorology and
operational hydrology.

35
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OBSERVATIONS AND DATA MANAGEMENT

Major activities within the framework of WMO’s various programmes are
observations, the collection of information and data, managing this mass of informa-
tion (today, more and more in distributed databases) and, finally, dissemination of
information and various products to the public and to specific sectorial users such
as the energy sector. The climatological information represents a wide spectrum,
from conventional weather observations to special environmental data, and data on
ozone and aerosols. These databanks contain oceanographic and hydrological infor-
mation, data on ozone and aerosols in the atmosphere, as well as information on solar
radiation and even data on environmental radioactivity. An increasing amount of
remote sensing information, especially from satellites, is also available.

The environmental information represented in the various types of databanks
related to the activities of the WMO is thus more or less directly related to the
DECADES project.

ENERGY AND CLIMATE CHANGE

There are of course other direct links between electricity, energy and the
climate, as an important component of the environment. The energy sector is
responsible for more than half of the emissions of anthropogenic greenhouse gases
(GHGs). About one-third of all GHG emissions results from energy use in buildings
and from disposal of urban waste. Many energy related activities, e.g. production
of energy from biomass, hydropower and other renewable sources of energy, are
based on extremely climate sensitive resources. Energy may also be considered an
important vector that transmits climate sensitivities of socioeconomic systems
through the economic system.

‘Energy’ thus continues to be a priority area in several WMO programmes and
activities. The relationships between the many aspects of energy in a societal context
and the climate/weather are becoming increasingly evident. Climate and energy are
among the prominent driving forces in socioeconomic development. Production and
use of energy have a complex impact on the environment, including an impact on
climate, and the need for energy is normally directly related to climate and weather.

THE WORLD CLIMATE PROGRAMME

The emphasis on the need for improved climate services for the development
of an efficient and environmentally harmonized energy sector is reflected in such
documents as the WMO long term plans. The following objectives of the World
Climate Programme (WCP) have been formulated:
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— To facilitate the effective collection and management of climate data and the
monitoring of the global climate system, including the detection and assess-
ment of climate variability and changes;

— To foster the effective application of climate knowledge and information for
the benefit of society and the provision of climate services, including the
prediction of significant climate variations — both natural events and those
resulting from human activities;

— To assess the impacts of climate variability and changes that could markedly
affect economic or social activities and to advise Governments thereon, and to
contribute to the development of a range of socioeconomic response strategies
that could be used by Governments and the community;

— To improve the understanding of climate processes for determining the predict-
ability of the climate, including its variability and change, identifying the
extent of human influence on the climate and developing the capability for
climate prediction.

(In this setting, with the International Atomic Energy Agency as host, it may
be appropriate to remember what Einstein once said: ‘‘that next to the human brain,
the climate system is one of the most complex systems he could think of ”’.)

One of the main components of the WCP is the World Climate Applications
and Services Programme. Its objectives include:

— Helping Member States in developing services based on the application of
climate information and knowledge for sustainable national development, with
emphasis on methods of adaptation to, and mitigation of, adverse impacts of
the climate and its variations;

— Promoting awareness of the potential benefits of the applications of climate
information and knowledge in human endeavour and the provision of climate
services; '

— Providing easy access to practical techniques for applications of climate
information and knowledge.

Another component of the WCP is the World Climate Impacts and Response
Strategies Programme, primarily implemented by the United Nations Environment
Programme (UNEP) (Dr. Mackenzie from UNEP has already informed us about
this). Among its objectives are: ‘‘To improve the methodology for climate impact
study and response option determinations so as to deepen understanding and improve
the simulation of the interactions among climatic, environmental and socioeconomic
factors’’.

The WMO activities in the energy area during the decade 1996-2005 will
include:

— Further evaluation of weather and climate implications in energy matters;
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— Assessment of the effects of the climate and of climate change on the energy
sector;

— Facilitating practical applications of meteorological and hydrological infos-
mation and related methodologies in various areas of energy conservation,
production and distribution.

THE INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE AND
THE FRAMEWORK CONVENTION ON CLIMATE CHANGE

The WMO is pursuing some of the above objectives by supporting the work
of the Intergovernmental Panel on Climate Change (IPCC) and the ongoing work for
implementing the intentions of the Framework Convention on Climate Change
(FCCC). In following up the results of the United Nations Conference on Environ-
ment and Development (UNCED), the focus is on Agenda 21. (Many of those who
are present here have also actively participated in this work.)

In the FCCC, reference is made to energy, promotion of sustainable develop-
ment and conservation of resources, as well as the need for adaptation. In particular,
it is stated that ‘‘the developed country Parties shall take all practicable, steps to
promote, facilitate and finance, as appropriate, the transfer of, or access to, environ-
mentally sound technologies and know-how to other Parties, particularly developing
country Parties, to enable them to implement the provisions of the Convention’’. The
Conference of the Parties to the FCCC met for the first time earlier this year and
at present the work focuses on the establishment of a mechanism to guide the
implementation of the Convention.

The ultimate objective of the FCCC is ‘‘ro achieve, in accordance with the
relevant provisions of the Convention, stabilization of greenhouse gas concentrations
in the atmosphere ar a level that would prevent dangerous anthropogenic interference
with the climate system. Such a level should be achieved within a time frame suffi-
cient to allow ecosystems to adapt naturally to climate change, to ensure that food
production is not threatened and to enable economic development to proceed in a
sustainable manner”’,

In a special report prepared by the IPCC in 1994, as an input to the First Con-
ference of the Parties to the FCCC (March 1995), on the basis of a range of model
calculations it is concluded that “‘stabilization of atmospheric carbon dioxide concen-
trations ... could be attained only with global anthropogenic emissions that even-
tually drop to substantially below 1990 levels”’, :

As is clearly stated in the IPCC assessments, there are naturally still great
uncertainties in the projected consequences of the changes in the composition of the
atmosphere. These uncertainties relate to issues such as the feedback from the
complex climate system and the regional distribution of potential impacts. One
interesting speculation that relates directly to energy production and consumption is
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the balance between the energy continually received from the sun and human con-
sumption of energy. The climate system is driven by the energy received from the.
sun, but, within a few hundred years, human consumption of energy may well play
a significant role as a driving force in the climate system. Locally, and in some
densely populated areas, this impact is already felt, e.g. in large cities, where the
urban climate can deviate markedly from ‘natural climate conditions’ through effects
such as the urban heat island. o

METEORCLOGICAL AND HYDROLOGICAL INFORMATION
FOR ENERGY DEVELOPMENT

The WMO continues to assume the role of the authoritative scientific voice in
matters relating to the atmosphere, water and climate in the world arena. One main
objective that is in many ways related to issues dealing with energy and environment
is to build up the capacities of the NMHSs in the area of energy-meteorology, so
that they can serve the energy sector better with relevant information and knowledge.

In particular, the WMO has provided expert advice, capacity building, and
both hardware and software to be used in managing information nationally and in
regional centres. The CLICOM systems, a PC compatible database/software system
for handling and processing climatological data and information, is one core feature
in this development. In particular, most of the NMHSs should today have the
capacity to provide substantive support in development related to areas such as
hydropower, biomass, wind and solar energy applications. A primary requirement
is the close collaboration between the producer and the user of the climatological
service. In the case of the energy sector, this would normally be between the staff
of the NMHSs and the energy engineers.

CLIMATE INFORMATION AND PREDICTION SERVICES (CLIPS)

Scientific and technological achievements in recent years have led, in certain
regions of the world, to a drastic improvement in the potential to skilfully predict
climate variability on seasonal and inter-annual time-scales. The importance of the
so-called ENSO (El Nino — Southern Oscillation) phenomenon was realized particu-
larly through the successfully completed TOGA programme, which was the primary
programme in the effort made to describe, understand and predict the onset and
evolution of ENSO. The WMO has contributed to this development, particularly
through activities within the WCP.

At present, there are several scientific groups engaged in experimental long-
lead forecasts of temperature and precipitation anomalies, not only in the tropics but
also in selected areas of the extratropics in both hemispheres. The challenge to
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develop these scientific achievements into user oriented climate application services,
disseminated through a network of regional and national centres, will constitute a
new focus, especially within the World Climate Application and Services
Programme. It is foreseen that this new type of operational climate service will be
of special interest to the energy sector, where long-lead forecasts can serve as input
to decision making with respect to both energy conservation, demand and produc-
tion. It is of course essential that the products disseminated are designed to meet the
specific needs of the user, thus calling for close collaboration between climatologists
and energy experts.

THE CLIMATE AGENDA:
INTERNATIONAL CLIMATE RELATED PROGRAMMES

Climate related issues have become increasingly important on the political
agenda during the past decades. In particular, national decision making in climate
sensitive socioeconomic sectors, such as the energy sector, benefits directly from
improved understanding of climate and natural variability and the development of
climate related applications. At the intergovernmental meeting on the WCP — The
Climate Agenda — in Geneva in April 1993, Governments concluded that, while
there had already been substantial achievements, new and evolving requirements
would only be met through a greater integration and prioritization of climate related
programmes of involved international organizations. The meeting thus called for the
preparation of an integrated proposal.

The integrated proposal was presented in spring 1995. In particular, it stresses
the need for inter-agency co-ordination of future international climate related
activities, which involve four main thrusts:

— New frontiers in climate science and predictions;

— Climate services for sustainable development;

— Studies of climate impact assessments and response strategies to reduce
vulnerabilities;

— Dedicated observations of the climate system.

Special attention is given to issues that span all four thrusts, including capacity
building and technology transfer.

CONCLUDING REMARKS

The WMO and its Member States, represented primarily by the NMHSs, are
engaged in many activities, including special programmes and projects that have
direct or indirect relevance to development in the energy sector. In several cases,
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e.g. hydropower, biomass, solar and wind energy, these activities relate to resource
assessment, production and distribution, as well as energy consumption. In some
other cases the related activities are more peripheral, although they are necessary and
vital for a specific operation. 4

With increased environmental concern, including the concern abotit a potential
climate change, there is an increased need for environmental impact assessment. In
this connection, the services of the WMO and its representatives in the various
nations are essential, and major efforts are now aiming at the development of
methods for environmental impact assessment. In order to ensure fair judgement of
the relative impacts of various energy systems, it is of the utmost importance to make
available relevant information. As various strategies for responding to a potential
climate change are being considered, the interest in sustainable energy systems and
thus the necessity to assess various management options will naturally increase. All
this calls for more accurate information and the development of the national
capacities to correctly assess alternatives.

From the experience gained, especially through the work of the IPCC, the
WMO has come to appreciate the importance of a non-biased attitude in assessing
development, be it scientific, technological or socioeconomic. The DECADES
project has primarily focused on ‘‘comparative environmental impacts of different
ways of producing electricity’’. In particular, the issue of GHG emissions is directly
related to questions treated within the mandate of the WMO. Issues associated with
human health, as it relates to local air pollution and to comfort, which is influenced
by such things as space heating, air conditioning and natural ventilation of urban
areas, also have a bearing on the climate, as have the complex risk patterns relating
to local climate change.

The WMO appreciates the co-operative framework adopted for the DECADES
project and has contributed to the various activities of the project by providing its
views and its expertise, to the extent deemed relevant. The work done within the
framework of the IPCC has benefitted substantially from the development within the
DECADES project. The WMO is thus pleased with the progress made within the
DECADES project and is looking forward to a fruitful review of the related
activities.
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PUBLICATIONS

The WMO has published technical documents, ‘including IPCC reports,
covering the field of energy-meteorology, as well as publications covering a wide
spectrum of climate related issues.

WMO Publications
WMO No. 550 (TN No. 170)

WMO No. 557 (TN No. 172)

WMO No. 575 (TN No. 175)

WCP Reports
WCP-86

WCAP-13

WCAP-14

Meteorological and Hydrological Aspects of Siting and
Operation of Nuclear Power Plants;

Vol. I (Meteorological Aspects), 1985 (out of print);
Vol. II (Hydrological Aspects), 1981 (out of print).

Meteorological Aspects of the Utilization of Solar

~ Radiation as an Energy Source (1981} (E, F).

Meteorological Aspects of the Utilization of Wind as
an Energy Source (1981) (out of print).

Extrapolation of Mean Wind Statistics with Special
Regard to Wind Energy Applications (N.O. Jensen,
E.L. Petersen, I. Troen) (1984) (E).

Information on Meteorological Extremes for the
Design and Operation of Energy Systems (G.A.
McKay) (1990) (E).

Extremes and Design Values in Climatology
(T. Farags, W. Katz) (1990) (E).

Technical Report by the Commission for Hydrology

HWR-19

Hydrological Forecasts for Hydroelectric Power
Production (1986) (E and R).
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The present Symposium has been organized in the framework of the
DECADES project. Therefore, I would like to outline briefly the objectives and
scope of the project and to highlight its main achievements and outcomes. The
lessons learned from this joint undertaking provide some relevant guidance on the
ways and means to develop comparative assessment tools and to assist Member
States in implementing comparative assessment in policy making for the power
sector. In particular, they illustrate the benefits of international co-operation in this
regard. In this connection, my concluding remarks will focus on ‘the way forward’
and try to identify topics that you might want to discuss later on, in particular during
the closing Round Table, in order to outline key issues that could be addressed in
the next phase of the DECADES project.

The joint mter-agency project on databases and methodologles for comparative
assessment of different energy sources for electricity generation, called DECADES,
was established at the end of 1992. Nine international organizations, EC, ESCAP,
IAEA, IBRD, ITIASA, OECD/NEA, OPEC, UNIDO and WMO, agreed to join their
efforts to achieve a common objective, namely: to enhance the capabilities for
comparative assessment of different energy chains in the process of planning and
decision making for the electricity sector.

I should mention that, in addition to these nine organizations who are par-
ticipating in the DECADES project, UNEP is a co-sponsor of this Symposium.

All these organizations have a mandate and expertise in the field of energy and
electricity system analysis and health and/or environmental impact assessment. I
would like to stress the importance and effectiveness of the co-operative framework
implemented for carrying out the project. This framework has allowed to pull
together a broad range of information and know-how, as well as to reflect and inte-
grate viewpoints from experts with different scientific backgrounds. The sharing and
exchange of information has enhanced not only the quality of the outcomes but also
their credibility and their usefulness for Member States, through helping to ensure
that all energy sources — nuclear, fossil and renewable — are treated consnstently
and objectively. :

The overall objective of the project — which I have just stated — takes into
account the concerns and priorities of policy makers reflected in the findings and
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recommendations from a number of international meetings such as the ‘Earth
Summit’ held in Rio de Janeiro in 1992. The findings and recommendations from
the Senior Expert Symposium on Electricity and the Environment, held in May 1991
in Helsinki, also provided important guidance on the priority issues to be addressed,
aiming towards the objective to enhance comparative assessment capabilities in
Member States.

The Steering Committee for the project recognized that there is a very broad
range of topics to be addressed, but that not everything could be covered in the
project, which was defined for about three years, taking into account the limits on
available manpower and financial resources. Therefore, it was decided to focus on
high priority tasks that could contribute to building enhanced capacity for imple-
menting comparative assessment in the decision making process. Moreover, it was
decided to limit the scope of the project to the electricity sector. Besides the need
to focus the efforts on realistically achievable targets, the choice of the electric power
sector was motivated by the importance of this sector in terms of sustainable
development. .

Three major tasks were included in the work programme adopted for the
DECADES project, namely:

— Establishment of databases and information systems to support comparative
assessment;

— Development of an integrated software package for electricity system analysis
and planning (DECPAC);

~— Training and support for Member States in implementing comparative
assessment.

The work carried out on collecting and making available comprehensive infor-
mation for supporting comparative assessment of electricity generation options
_included three main tasks: a survey and compilation of existing information and data-
bases on electricity generation technologies; a systematic collection and consistency
checking of data on technical and economic parameters and on health and environ-
mental aspects of different energy chains for electricity generation; and the establish-
ment of a computerized database containing all of the data and information that were
collected.

The reference technology database (RTDB), which will be presented during
the software demonstration sessions in this Symposium, was- developed and
implemented over the last two years. Already, it has been distributed to a large
number of selected users for testing and evaluation. The RTDB constitutes a large,
although not exhaustive, inventory of technologies currently used and under develop-
ment at different levels of electricity generation chains using fossil fuels, nuclear
power and renewable energy sources. Several hundreds of technologies contained in
the database are characterized by a detailed set of parameters, covering technical per-
formance, costs, atmospheric emissions, wastes and other environmental burdens.
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The users’ network provides a mechanism for checking the consistency, and for
complementing and updating the information. Feedback from experience is giving
guidance on enhancing the capabilities of the computer structure and interface in
order to meet better the requirements of analysts and decision makers.

In parallel with the establishment of RTDB, some 15 countries have been given
assistance and support in implementing country specific databases (CSDBs), using
the RTDB computer system to store information on their electricity chain facilities.
Altogether, the databases established by these countries cover more than 1000 tech-
nologies. As you will be able to see during the software demonstration sessions,
RTDB is running on personal computers and allows the user to access and display
numerical, textual and visual information and to print reports on the main charac-
teristics of electricity generation technologies and fuel chains.

Databases alone, however, are not sufficient for carrying out comprehensive
comparative assessment of electricity generation strategies. Such studies require ana-
Iytical tools providing capabilities for energy system analysis and impact assessment.

In the field of methodologies, three main tasks were undertaken within
DECADES: '

— Preparation of a report describing already available computer tools for com-
parative assessment of electricity generation options and strategies;

— Development of a new software package for electricity system analysis and
planning (DECPAC); ,

— Preparation of a reference book on integrated electricity system analysis.

The first task was completed by the end of 1994 and a report was prepared on
the basis of information provided by software developers from different countries
and international organizations. The report is expected to be updated every two or
three years in order to reflect the progress and new developments in the field of
energy/electricity models.

Within the second task, a new software package (DECPAC) for electricity
system analysis was developed, with extra-budgetary financial support from the
US Government. This software provides enhanced capabilities for integrating tech-
nical, economic, health and environmental aspects into electricity 'system expansion
planning. The software package is linked to the DECADES databases (RTDB and
CSDBs) and allows the costs, airborne emissions, solid wastes and other health and
environmental burdens of different electricity generation strategies to be analysed.
The core features of DECPAC are derived from the JAEA’s WASP and ENPEP
models for energy/electricity system analysis, which have been thoroughly proven
through worldwide use. However, the specific objective of DECPAC is to provide
planners with an easy to use tool for carrying out decision support studies for the
power sector. Therefore, its design focuses on user friendliness of the graphic inter-
face, enhanced environmental analysis capabilities, extensive reporting capabilities
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and short running time for optimizing electricity generation System expansion
strategies over a period of several decades.

Some twelve teams from different Member States are already testing the appli-
cation of DECPAC for carrying out case studies and will participate before the end
of this year in a workshop to exchange experience and to receive further training.
The initial experience with the use of DECPAC has shown that the software is very
useful to analysts and planners in the power sector and that it meets a real need.

The IAEA plans to continue maintenance and updating of the databases and
software, and to provide training and support in the use of these tools. As I have
already mentioned, the first training workshop will be held later this year. Additional
workshops are planned — to be organized at national, regional or interregional
levels — and groups of users will be established in order to promote exchange of
information and know-how between users and to provide feedback to the software
developers.

In late 1994, work was started on the third task mentioned above, namely the
preparation of a reference book on integrating economic, social, health and environ-
mental issues into policy making for the power sector. Experts participating in
various technical meetings of the DECADES project had pointed out that such a book
was needed, and the Steering Committee gave its endorsement. The work is led
jointly by the IAEA and the World Bank’s Industry and Energy Department, with
important contributions by other DECADES organizations and national experts; the
book is expected to be completed by mid-1996. Issues such as integrated resource
planning, external cost valuation and internalization, and multicriteria analysis and
decision aiding tools are addressed. It is intended to help policy makers in designing
a comparative assessment framework, adapted to their specific requirements and
objectives, and in selecting appropriate computer tools for carrying out decision
support studies.

Last but not least, in the present DECADES programme of work and achieve-
ments, more than twenty country case studies on comparative assessment of alterna-
tive strategies and policies for the electric power sector are being carried out. These
studies are supported by the IAEA through a co-ordinated research programme.
I do not want to elaborate on the results from the studies at this stage, since they will
be presented during the Symposium, but I would like to stress that the co-operation
between experts from different countries who have different scientific backgrounds
has proven to be extremely valuable and effective. In particular, the co-operation and
exchange of experience between different teams which are confronted with similar
difficulties, such as data collection, resulted in identifying and impiementing com-
mon approaches for solving the problems. The participation of experts in the fields
of electricity systemn analysis, macroeconomics and environmental impact assess-
ment led to a recognition of the need to reconcile various concerns and priorities —
e.g. alleviating local and global environmental impacts and also addressing eco-
nomic, social and security of supply issues — within a comprehensive assessment
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of alternatives. The publication of the final reports from the case studies, after their
completion by mid-1996, will provide guidance to other countries on the use of com-
parative assessment in decision support studies.

The results obtained so far within the DECADES project are more than
encouraging and demonstrate the effectiveness of joint efforts by international
organizations and national experts and institutes. ‘The high interest of experts from
Member States — in particular from developing countries and countries in transition
— is, from my point of view, the best indicator of the success of the project up
to now. This success provides a sound basis for looking ahead to some possible
new directions, in the expectation that the participating organizations will support the
continuation of the project.

Ongoing activities .

Of course, there still remains some work to be done to complete fully the
project as it was envisaged by the Steering Committee. Work is continuing on a
number of tasks, focusing mainly on the enhancement of the products, their dissemi-
nation, and training and support in their use. I would like to highlight some of these.

First of all, there is work to be done to complete some ten reports, including
full documentation of the databases, users’ manuals for the software, and reports on
the case studies that will be completed early in 1996. Also, as I have already
mentioned, the reference book on integration of comparative assessment into elec-
tricity system planning should be completed by mid-1996.

Secondly, it is planned to organize a series of regional seminars and workshops
in order to promote the use of the tools that have been developed, and to give training
and support on their use. The first such workshop will be organized later this year,
and two workshops are planned for 1996. If the other organizations participating in
the DECADES project would be prepared to assist through joint funding, it would
be possible to broaden the amount of training that could be given.

Thirdly, it will be necessary to have continuing maintenance, updating and
enhancement of the databases and the DECPAC software. Already, based on feed-
back from users, we see the need to improve the capabilities for modelling inter-
mittent renewable energy systems, for treating cogeneration plants that produce both
electricity and heat as outputs, and for modelling multiple-fuel power plants (e g.
using -both oil and gas or coal and oil).

Possible new directions for the DECADES project

The activities that I have just mentioned are tasks that would be aiming towards
improving the tools that have been developed in the current phase of the DECADES
project. There are also some issues that have been excluded up to now, but that could
be addressed in a second phase of the project.
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As I have stated at the outset, the Steering Committee decided that the first
phase of the DECADES project, which has been largely completed, should focus on
the electricity supply sector. However, demand side management is also very
important. Thus, it could be useful to define a further programme of work that would
add demand side technologies to the databases, and to incorporate analysis of demand
side options into the DECPAC model. In this regard, we have maintained close
co-ordination with the project on establishing an Environmental Manual for Power
Development (EMP), which has been managed by the World Bank. The results from
this project could provide a basis for making the suggested enhancements to the
DECADES tools.

Up to now, the DECADES project has focused on the calculation of costs,
emissions, wastes and other environmental burdens for different energy chains and
electricity generation systems. However, this work does not systematically address
the health and environmental impacts that may result. The next phase of work could
aim towards developing estimates of such impacts, in order to give a more complete
comparative assessment of different energy sources. The IAEA has done some work
on establishing a database on Health and Environmental Impacts of Energy Systems
(HEIES), but more work is required in order to produce a tool that can be used in
the comparative assessment process. Also, advantage could be taken of the work that
has been carried out by the European Commission, in co-operation with several
national research institutes, on the external costs of energy systems.

Finally, I would suggest that a number of studies should be undertaken, using
the tools that have been developed, focusing on specific high priority issues, for
example the cost effectiveness of different energy systems and technology measures
for mitigating emissions of greenhouse gases and other environmental burdens.

Concluding remarks

The work already accomplished in the first phase of the DECADES project,
which was started late in 1992, shows that the inter-agency joint project framework
is very effective and that the project should — from my point of view — be
continued. The present Symposium is a major milestone of the project and provides
a good opportunity for reflection and discussion on the use of comparative assess-
ment in support of decision making. I have made some preliminary suggestions on
work that could be undertaken in the next phase, but I am sure that the high level
experts who are participating in this Symposium ‘will identify other key issues and
areas of high priority for further work. As Chairman of the DECADES Project
Steering Committee, I hope that the presentations and discussions will lead to some
concrete proposals and recommendations that will help the Steering Committee in
defining the future work programme of the project, if the participating organizations
will support its continuation.
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Abstract

SUSTAINABLE ELECTRICITY POLICIES: THE ROLE OF INTERNATIONAL
CO-OPERATION.

Analysis is an integral part of the policy process. The European Commission has
prepared a ‘green paper’: Options on the Future Orientation of European Energy Policy, and
has sent to the Council of Ministers its communication and work programme. Analysis,
undertaken in co-operation with the Member States of the European Union (EU), the energy
industry (particularly the electricity sector), users, other interested groups and international
organizations, was part of this review. The scenario approach has been chosen in the economic
analysis, which will be published soon. The principal findings of this analysis are as follows:
(a) Energy consumption in the EU is expected to continue to grow moderately, at a rate of
somewhat below 1% p.a., through the year 2020. (b) Electricity consumption is expected to
grow strongly, increasing its share in the final energy consumption. (c) Fuels with zero carbon
content such as nuclear and renewables face certain difficulties regarding extended deploy-
ment, for reasons of public acceptance and on economic grounds. Certain renewables
(e.g. biomass) are, however, moving towards mainstream acceptance and there appears to be
scope for larger scale deployment. (d) There is room for more application of nuclear and
renewables in case of a shift in the policy paradigm, i.e. if we move to a ‘Forum’ type world
where globalization, a unity of purpose and restructuring of institutions foster a consensus on
effective curbing of carbon.

1. ROLE OF ANALYSIS IN ENERGY POLICY FORMULATION

The European Commission (EC) is the executive body of the Furopean Union
(EU). With the recent addition of Austria to the twelve existing Member States,
together with Finland and Sweden, the EU now includes fifieen countries. By the
end of the decade, other countries, in particular some from eastern Europe, might
join the EU, so that it may include more than 20 countries. Energy is an important
part of our policy process. The first treaty of the EU was signed in Maastricht in
1992. In 1996, EU ministers will meet in Dublin to draft the text of the next treaty.
In preparation for this, the EC Directorate General for Energy has undertaken a
review of energy policies. A ‘green paper’, identifying various options, was pre-
pared and sent to the Council of Ministers several months ago. Now, the time for
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analysis is over and a choice among different options has to be made. A ‘white paper’
was prepared, and the Council of Ministers met on 14 December 1995 to discuss this
paper.

Part of that policy process is the development of EC methods of analysis. One
of the interesting points that has been discussed at meetings between the Council of
Ministers and other institutions, as well as between the EC and other interested
groups, is the need for an analytical input into the policy process. It is clear that it
is not sufficient simply to have the political desire to go in a certain direction, but
it is necessary to identify the correct direction in which to go, and this requires a
good deal of analysis. A typical example in this regard is the climate change issue,
which is a complex mixture of political objectives and scientific and technical inputs,
and it is difficult to unravel them. Indeed, some scientists recalled Albert Einstein
saying that the climate was somewhat akin to the human mind in complexity. This
becomes insignificant in view of the present structure of the world. Climatologists
have the easier job, and it is the politicians, the administrators and the actors in the
field of energy and economy who have the difficult job of unravelling the social
structures behind climate change.

Apart from the link between policy formulation and analysis, one or two
technical aspects need to be addressed. There is the need for information on the
future of energy, and we have the task of observing and monitoring what is actually
going on. Therefore, we have to introduce independent analyses and viewpoints into
the discussion, and not just to provide the information that is particularly convenient
to a lobbying group or that is of particular interest at a given moment in time. The
position of the EC in this matter is that this part of the process has to concentrate
on certain key objectives of energy policy, which should focus on three main issues:
energy and economy, the problem of trade and competitiveness, and energy and
geopolitics. The last point is of particular importance for this Symposium, since the
Member States of the EU depend on imports for 50% or more of their energy needs;
this will probably rise to the order of 70%. On the one hand, the resources are in
our neighbourhood; but, on the other hand, our neighbourhood is undergoing large
political and economic changes. The challenges to economists are that the environ-
mental goals have to be met and, at the same time, a rise in the cost of energy as
a factor of production has to be avoided. It will not be an easy task to develop new
energy services in response to the changing needs, to harness energy efficiency and
to develop new technologies and products, and to do all that in an unstable political
situation.

2. METHODS OF ANALYSIS

What are the possible methods to handle this situation? The EC has had some
experience over the past two years. In September 1993, a paper on the economic
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foundations for an energy policy was prepared in which the complex role that energy
plays in society was identified. -Energy is a factor ‘of production, and there is an
extraordinarily large geopolitical dimension to the energy trading relationships with
our neighbours — Russia and Norway, Algeria and the Persian Gulf area. These are
important aspects of our foreign policy relationships, but there are also interconnec-
tions with other dimensions, including energy and the environment.

Several years ago, we proposed a carbon energy tax, and we did this with some
enthusiasm. This enthusiasm was lacking when we discussed the matter with a
number of countries. The appreciation of a carbon energy tax differs from one
country to another, depending on the country’s energy policy. Consequently, when
seeking to achieve an environmental objective, other objectives should not be dis-
regarded. One of the fascinating problems in preparing an analysis is that we have
to try to make the very complex interrelationship between different pillars of policy
easier to survey. We are entering a transition period of great uncertainty that might
last a decade or even two decades. In some ways, it is a historic moment, and we
need to be able to deal with massive uncertainties and major political changes. There-
fore, we launched the ‘2020 Strategic Analysis’’, based on a scenario approach and
on our appreciation that the tectonic plates of geopolitics and economic relationships
are moving.

Three scenarios were considered, centred on the political challenges and
priorities within Europe and the problems facing Governments, since they might
influence the energy structures more than internal energy matters. These scenarios
were then translated into macroeconomic scenarios and trading scenarios. Also, four
possible future marketplace scenarios were identified: Conventional wisdom,
Battlefield, Forum and Hypermarket. Their characteristics are as follows:

(1) Conventional wisdom: This provides a view of the most likely evolution of
events. Economic growth gradually weakens in the long term. Although some
progress is made, many of the world’s structural, social and economic
problems remain.

(2) Bartlefield: The contradictions and instabilities in the global systemm make
economic integration very difficult. Globalization is seen as too ambitious. The
geopolitical system is divided into blocs, with tensions and friction between
and within the blocs. This leads to a Europe ‘a la carte’.

(3) Hypermarket: Global economic integration is self-reinforcing and continues.
The force driving this scenario is the continued application of the market
mechanism that is regarded as the best way to produce wealth and to handle
complexity in uncertain times. Liberalization and privatization lead to new
results and encourage new groups of persons with higher demands to enter the
market.

(4)  Forum: The process of global economic integration produces new imperatives
for collective public action. National, European and international institutions
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are gradually restructured so as to be able to deal more effectively with
broader, more complex, shared problems and interests.

Each of these scenarios may present some surprises. For example, in Swéden,
Conventional wisdom means that nuclear power will be phased out by the year 2010;
however, in France, Conventional wisdom leads to totally different decisions. There-
fore, the marketplace scenarios have to reflect a diversity of current thinking.

These scenarios were matched with three technology scenarios: abundant
renewables, relaunch of nuclear power (dealing with the problems of how it would
take place and what are the conditions to bring it about); and plentiful and moderately
priced fossil fuels, which is a new paradigm. Finally, two energy price scenarios
were developed: one with a rather high oil price (about US $30 per barrel, as in the
IEA scenarios) and the other with a more moderate oil price, which would remain
more or less at today’s price over the next 20 years or so. Regarding the most
difficult issue, the climate change, it was assumed that the precautionary principle
mode would be maintained up to the year 2005, but that, around the turn of the
century, environmental consequences would become obvious and we would move
from the assumption of a possible climate change to the conclusion that such a change
will happen and, therefore, that we have to begin to react. These scenarios were
applied to the fifteen EU Member States and the focus was on a detailed bottom-up
approach. A more complex analysis was done for the neighbouring countries of the
EU, namely North Africa, the Middle East, central and eastern Europe and the
territories of the former Soviet Union.

Two of the scenarios, Hypermarket and Forum, are very contrasting. Each of
them implies a different energy policy, a different taxation policy, a different
economic policy and different interest rates. They do, however, highlight the
remarkable robustness of the energy sector and its ability to survive and to make
money under the conditions of these scenarios.

Concerning the models needed, this kind of scenario analysis cannot be done
without a good tool kit. There is definitely a need for new and improved analytical
tools. Given the complexity of the policy choices, they cannot be addressed correctly
without good tools. Furthermore, these tools have to be used with modesty and with
a certain scepticism about the mechanisms of forecasting and analysis. The EC
Directorate General for Science, Research and Development has developed several
models, for example:

— MIDAS: A model that is central to the present exercise;

— POLES: A long term (2010-2030) world supply and demand simulation
model;

— GEM-E3: A macroeconomic general equilibrium model for interactions
between the environment and the energy system;

— PRIMES: A partial equilibrium energy system model, covering market
structures of the actors in the field of energy and economy.
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3. KEY ISSUES EMERGING FOR THE ELECTRICITY SECTOR

Within the area of the EU countries, which is in many ways very distinct from
other parts of the world, particularly China and India, the global electricity growth
rates considered for the next 25 years are about half of those in the previous
25 years, which is half of what they were 50 years ago. Compared with a historical
growth rate of 2.7% p.a. since 1974, the growth rate of the total electricity demand
decreases slowly in the period 1992-2020 for the four scenarios:

— Conventional wisdom: 1.34% p.a. (1.0% p.a. after 2010);
— Battlefield: 1.07% p.a. (1.0% p.a. after 2010);

— Forum: 1.26% p.a. (1.3% p.a. after 2010);

— Hypermarket: 1.55% p.a. (1.2% p.a. after 2010).

This means that in each of the different scenarios the annual growth rate of
electricity demand is roughly between 1 and 1.5%. This has consequences for the
structure of the electricity market. v

The analysis of the electricity demand by sector leads to the same findings
for all scenmarios, namely a reduced growth in the tertiary-domestic sector
{0.7-1.2% p.a.) due to improvements in appliances and progressive saturation of
electric heating, a sustained growth in industry (1.2-1.7% p.a.) and a bullish growth
in the demand for transport (4.5-5.5% p.a.) due to the development of electric cars,
resulting in a quadrupling of electricity consumption.

One key task is to identify the main issues of power generation under the four
scenarios. Each scenario has different footprints for demand, supply and general
economic policy. The Conventional wisdom scenario leads to a slow decrease of
nuclear and solid fuel, particularly after the year 2010, with additional requirements
being covered by gas. In the Battlefield scenario, nuclear power is stabilized, since
this scenario represents the State in its supreme form — the Treaty of Westphalia
in European terms, with each country trying to go its own way. Some would say this
is a perfect reflection of current thinking within States, between States and between
regions, although this may not represent a particularly pleasant world. Paradoxi-
cally, it is in a world corresponding to the Forum scenario that nuclear can flourish.
This world is also driven by environmental considerations and a spectacular shift
away from solid fuels, which are replaced by nuclear and gas. The world according
to the Hypermarket scenario is one in which power generation moves away from
conventional fossil fuel technologies and from nuclear; massive development of the
gas combined cycle is compleémented by some new coal technologies. The social
discount rate reflects the judgements of the society. The four scenarios have different
discount rates, which obviously influences the future energy mix. In Hypermarket
the discount rate 1s 10%, in Forum it is 5%, and in Battlefield and Conventional
wisdom it is between.these values. Obviously, the investment profile will be different
under the market conditions and the trading conditions in each of these scenarios.
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TABLE I. CAPACITY ADDITIONS (GW(e)) FROM 1992 TO 2020 IN THE

DIFFERENT SCENARIOS

Options Conventional wisdom | Batdefield | Forum | Hypermarket
Nuclear 42 72 120 37
Solid fuels 80 56 16 36
Combined cycle 156 128 141 220
Other oil and gas 48 49 55 67
CHP* and autoproducers 79 65 85 83
Biomass 19 17 39 17
Hydro 21 21 21 21
Other renewables 12 13 28 13
Expansion and replacements 456 419 502 492

® CHP: Combined heat and power production.

TABLE II. TOTAL INSTALLED NUCLEAR CAPACITY BY SCENARIO

- (GW(e)
Year Conventional wisdom Battlefield Forum Hypermarket
1992 117 117 117 117
2005 122 125 124 122
2020 85 116 164 80

TABLE IIIl. CONTRIBUTION OF NATURAL GAS TO ELECTRICITY
PRODUCTION BY THE YEAR 2020

Year-| Conventional -

1992 wisdom Battlefield | Forum | Hypermarket
Percentage of total production | 6.4 39.7 34.6 30.6 51.4
Gas consumption (Mtoe) 31 218 176 157 290
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- The power capacity in 1992 was 526 GW(e). The requirements for expansion
and replacement up to the year 2020 (Table I) amount to: 456 GW(e), with
investments of some 543 X 102 ECU 93 required for Conventional wisdom;
419 GW(e): 542 x 10'? ECU 93 for Battlefield; 502 GW(e): 660 x 10'2 ECU 93
for Forum; and 492 GW(e): 526 X 10'2 ECU 93 for Hypermarket. The combined
cycle represents between 30 and 45% of the investment .in thermal units.

It might be interesting to analyse the nuclear power capacities that would
emerge under each of these scenarios (Table IT). Conventional wisdom and Hyper-
market show a decline in nuclear capacity, mainly in response to economic factors.
In the Battlefield scenario the nuclear capacity is maintained more or less constant,
mainly by extending the life of existing plants, retrofitting, etc. However, in the
Forum scenario there is a significant increase in nuclear capacity. One point to note
is that the global climate change issue will probably not be used to promote nuclear
energy, but the logic of a nuclear phase-out does seem to be questionable in the face
of the need to address this issue. However, this is a controversial point.

4. LESSONS FOR THE FUTURE

Several conclusions can be drawn from the problem analysis of the electricity
sector. Combined heat and power is a special issue, and it is very closely linked to
European arguments. Concerning the dependence on gas (Table III), it is noted that,
at the beginning of the present decade, the share of gas in the power sector was
approximately 6%. By the end of the decade and in the first five years of the coming
century, gas will have increased its share in the power sector to about 20%. Clearly,
there will be some very important issues regarding the securlty of supply in the gas
sector, but I am ignoring that here.

The evolution of the electricity market shows the position of primacy of
electricity networks; this is also important to the EC, whose policy is to open up the
internal energy market. In other words, the electricity sector is moving from a com-
modity market to a service market. The EC is observing a trend towards competitive
market structures, particularly for electricity and gas. It will be possible to make
enormous productivity gains. Thus, changes are taking place on this front, and the
analysis confirms the importance of productivity gains in power generation.

Furthermore, the capital market is a global market, and the energy industry has
to try to attract resources because our industry is moving away from self-financing
and has to turn to capital markets. There is a search for new mechanisms for
marketing energy products and for attracting the capital needed by the energy
industry. This will have important repercussions on the industry.

Regarding nuclear power, a Forum scenario seems to be required for a
relaunch of nuclear power, with high relative prices of competing energy sources.
Also, it is necessary to find a solution to the problems of concern to the public and
to decision makers, namely siting, waste and proliferation.
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According to some people, the risk of a climate change is imminent. The study
results for both the Conventional wisdom and the Hypermarket scenarios show that
CO, emissions will increase by 25% over the next 25 years, corresponding to a
growth rate of 1% p.a. For the Battlefield scenario, with a slow economic growth,
there is essentially zero growth in CO, emissions. It is only in the Forum scenario
that we see a significant reduction in CO, emissions, by about one third in the
power sector. Two indicators, carbon intensity and energy intensity, can be used to
show the trends. From 1970 onwards, the energy intensity has improved substan-
tially. The carbon intensity has also changed because of replacement of oil by gas,
and by nuclear in the 1980s. Regarding the policy options for the coming years, up
to the year 2020, we expect a large improvement in energy intensity.

In conclusion, I would like to point out that we need to link analysis to the
policy debate, we need good tools for carrying out this analysis, and we need a
decision making framework that reflects the complexity of the choices we now have
to face.
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Abstract

MAJOR ISSUES OF ELECTRICITY GENERATION IN DEVELOPING COUNTRIES.

Rapid growth in electricity generation is taking place in developing countries, where
the demand is growing at a rate of 6-7% per year. After the year 2025, the largest amount
of electricity worldwide will be produced in developing countries. The growth of the energy
demand in these countries will be the main issue on the global electricity scene in the coming
two to three decades. The electricity requirements in developing countries will have global
effects on energy, fuels and the.environment. Electrification and electricity expansion in these
countries will have to be financed by their limited developmental and investment budgets.
At least 10% of the gross capital formation funds in these countries will be needed for the
electricity sector. It is necessary for developing countries to attract local and foreign invest-
ment, and the prospects will be enhanced by restructuring and efficient management of the
electricity sector. Almost one third of the world’s population has no access to electricity.
These people, many of whom live in Africa and south Asia, desperately need electricity for
improvements in their quality of life. Assisting developing countries in establishing electricity
supply systems will not only improve the lot of these people but will also contribute to environ-
mental protection. The efficiency in producing, distributing and utilizing electricity in
developing countries is improving, but it is still rather low. Improvement in efficiency is
essential for a rational expansion of electricity supply. Improved efficiency in electricity utili-
zation through conservation and other measures will greatly assist in rationalizing the growth
in demand and will improve health and environmental prospects. Also of great importance is
the choice of proper generation technologies that will help reduce emissions and their
detrimental impacts on health and the environment. An investigation of electricity and its
relationship with health and the global environment that does not have at its centre of interest
the electricity needs of developing countries will miss the main issue.

INTRODUCTION

Before commencing with the discussion and analysis of major issues affecting
electricity, health and the environment in developing countries, it is very important
to define what a developing country is. Developing countries have a low income,
which does not allow them to enjoy the standard of living, the services and the level
of welfare that are common in industrialized countries which are members of the
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Organisation for Economic Co-operation and Development (OECD). The standard
of living in OECD countries is characterized by a high income (average over
US $20 000 in 1995), a high life expectancy (78 years), no (or very little) illiteracy
and services that are available to the vast majority of the population, particularly
accessibility to commercial energy and electricity for almost every citizen.

Even with this broad definition of developing countries, they differ largely, not
only from OECD countries but also among themselves. According to the categoriza-
tion of the World Bank, countries are classified as low income, lower-middle
income, upper-middle income and high income countries. In 1993, the low income
countries, with a population of more than 3000 million people, had an average
income of only US $380 per capita, compared with the high income countries, which
had an income of over US $23 000 per capita and a population that was slightly
higher than 800 million. Table I gives the population numbers and income classes
in 1993 [1].

As can be seen in Table I, more than half of the world population (56%) is
in the low income class and the industrialized countries account for only 15% of the
world population. If the newly industrialized countries (Korea, Taiwan, Hong Kong,
Singapore, Argentina and similar countries) and most of the eastern European
countries and the countries of the former Soviet Union are added to the industrialized
countries, the total population of these countries does not exceed 1200 million
people, i.e. only 20% of the world population; the other 80% of the world popula-
tion, almost 4300 million prople, live in developing countries. The introduction of
the concept of purchasing power parity (ppp), which simply means multiplying the
income of these countries by a factor of three, does not change this fact {2].

TABLE I. POPULATION NUMBERS AND INCOME CLASSES IN 19932

Income Population GDP per capita| Number of| ~ Category
class (million) Percentage US$) | countries of country
Low 3100 56 380 59 Developing
Lower-middle| 1 100 20 1 500 69 ~ Developing
Upper-middle 500 9 4 300 42 Developing/
newly industrialized

High 830 15 23 000 39 Industrialized
World 5530 4 400 209

Source: Ref. [1].

" The figures are rounded.
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) This paper deals with the issue of electricity generation and its relationship
with the health and the environment of people in developing countries, regarding
their prospects of attaining sustainable development. All of these countries suffer
from common problems to varying degrees. Most of these problems are directly or
indirectly related to electricity. These problems are discussed in the next sections of
the paper, which treat the following issues:

First issue: Inaccessibility to electricity and to
commercial forms of energy;
Second issue:  Capital shortage;
Third issue: Electricity generation, health and the environment;
Fourth issue:  Need for reforms and restructuring.

This Symposium is being held at a crucial stage in the global development of
electric energy. Major changes are taking place in industrialized countries; these
changes are prompted by the following factors and developments: (1) The growing
environmental concern about the role of energy, particularly electricity production,
which causes emissions that have local and sometimes regional or possibly global
effects, with long term detrimental consequences. (2) The growing importance of
natural gas (also liquefied natural gas (LNG)) as a source of energy, particularly for
electricity production; this has enhanced the utilization and development of the gas
turbine and its derivative, the high efficiency combined cycle plant, at the expense
of the capital intensive traditional steam power stations. (3) The restructuring of the
electricity supply industry and the growing importance of competition; this has
reinforced the growing trend towards more efficiency and less risk through investing
in smaller sets with short lead times. (4) Stringent regulations (environmental
and otherwise) and directive conditions, which have increased the cost of new
facilities and led to frenzied attempts to rehabilitate, refurbish and repower existing
facilities [3]. -

However, in developing countries such developments will be very slow.
Developing countries, particularly those in the low and middle income classes, are
mainly concerned with economic development and with making electricity available
to an increasing number of people and using it in their activities; utilization of natural
resources (e:g. low quality coal) for electricity production is also an important
consideration.

FIRST ISSUE: INACCESSIBILITY TO ELECTRICITY AND TO
COMMERCIAL FORMS OF ENERGY

Inaccessibility to electricity and to commercial forms of energy is the main
challenge for most developing countries in their pursuit of sustainable development.
It is also a cause of poor heaith for hundreds of millions of people, particularly
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children, and an environmental hazard in almost every low income developing
country. Until now, almost 2000 million people in developing countries have no
access to a reliable source of electricity and most of these people also have no access
to any refined form of commercial energy (other than for minimum lighting). Almost
all of these people live in low income countries, and a small number of people live
in lower-middle income countries. They depend on fuelwood, animal dung, agricul-
tural crops and garbage, paraffin and coal, if available, as their energy sources for
cooking and heating. These activities arc carried out in a very inefficient way and
therefore the utilization of the heat content of these primitive non-commercial fuels
is very low. When an open fire is used for cooking, only 5-10% of the heat content
of the fuels is utilized, and the health and environmental hazards are large [4]. In
comparison, when gas stoves and ovens are used for cooking and heating, an effi-
ciency of 50% is attained. Because of the high birth rate and the limited area of
renewable forests in many developing countries, the amount of fuelwood is gradually
dwindling, which is creating even more social and environmental strains.

Most of the people in developing countries live in rural areas. The number of
people living in urban areas is increasing rapidly. Until recently, only 15% of the
world’s population lived in urban areas; according to the United Nations, half of the
world’s population will live in cities by the year 2000 [5]. Urbanization will, of
course, facilitate the supply of services to people in low income countries. This
urbanization, however, is taking place through establishment of large informal settle-
ments on the fringes of most urban areas. The proximity of such settlements to urban
areas allows people to have limited access to a commercial source of energy, but not
to electricity. The availability of electricity is most effective in minimizing health and
environmental risks; also, its efficiency is much higher than that of non-commercial
fuels [6]. However, few of the low income countries can afford the investments
necessary for the development of electricity generation.

Health hazards

The health and environmental hazards of a lack of electricity and of reliance
on non-commercial fuels are well known [7]. When non-commercial energy sources
are used in homes and at working places, total suspended particulates (TSP), SO,,
NO; and CO are commonly emitted. In rural areas of many developing countries,
emissions of TSPs and of total volatile organic compounds (TVOCs) of twice the
permissible limits have been recorded. It is mainly the absence of electricity and the
reliance on low quality and low efficiency non-commercial sources of energy that
are causing health risks to people in developing countries, particularly children.

Accessibility to electricity in developing countries

At present, 55% of the world population, particularly people in developing
countries (63 %), live in rural areas (see Table II). Urbanization facilitates the provi-
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sion of electricity supply to the urban population; however, most of the people living
in rural areas suffer from shortages of electricity supply. There are no statistics
giving exact numbers of people in rural areas who have access to a reliable public
supply of electricity. Generally, no more than 5% of the rural population in the less
developed countries and no more than half of the population in the other developing
countries has access to electricity. It is estimated that, as shown in Table II, the
number of people worldwide having access to electricity supply of some reliability
was around 3300 million in 1992, i.e. only around 63 % of the world population. Few
of the other people, constituting 37% of the world population, all of whom live in
developing countries, have limited access to electricity supply, e.g. through diesel
engines for short periods or through batteries.

TABLE II. NUMBERS OF PEOPLE WITH ACCESS TO ELECTRICITY
IN 1992

Population with
Rural population electricity
' Population (million)
Countries (million)
) % of total % with electr. | Urban Rural Total %
OECD, eastern Europe
and Commonwealth of
Independent States 1210 27 - 100 883 327 1210 100
Developing countries ’
China 1140 - 66 ‘ 63 376 479 855 75
India 850 73 10 150 - 62 212 25
Least developed 440 80 5 4 18 58 13
Sub-Saharan Africa 500 69 5 J7 17 94 19
Others 1140 45 63 564 326 890 78
Total developing , : : :
countries 4070 63 40 1211 902 2109 52
Total world 5280 55 54 2094 1229 3319 63

Source: Ref. [8].

Notes: All populations in industrialized countries are considered to have access to electricity.
The figures for China’s and India’s electrification rates are quoted from published
figures and reports to the World Energy Council. It is estimated that only 5% of the
rural population and 50% of the urban population in low income developing countries
have access to electricity. For other developing countries the figures are 50% and 90%.
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Social and productivity impacts of non-availability of electricity

Non-availability of electricity is a handicap for the social, cultural and eco-
nomic development of nations. Electricity in homes is essential for lighting, cooking
and heating, for preservation of food, for access to the media and for entertainment
through television. Commercial activities are also severely impeded by the lack of
electricity, particularly regarding the use of computation facilities. Electricity
shortage affects countries in two ways: it is a handicap in productive activities and
it delays social development. Regarding the productivity of a country, electricity
shortage discourages possible investors, since it affects production and necessitates
higher investments for on-site electricity production or stand-by supplies. For small
investors, clectricity shortage would increase the cost of operation, since electricity
from private generation is more expensive than electricity from public national
supplies.

Provision of electricity in developing countries greatly enhances the quality of
life. It promotes people’s expectations and motivations, thus assisting in elimination
of poverty. It also improves health standards and assists in education. Most impor-
tantly, it helps retard the migration of people from rural areas to cities and enhances
the opportunities for income and employment in those areas. It.also assists in preser-
vation of forests and trees, which are currently being cut because of the lack of
electricity and energy sources. Electricity is essential for sustainable development;
however, so far, little research on the effect of the provision of electricity on social
development has been conducted. More work has been done on costing the un-
reliability of electricity supplies and its economic and social costs. It has been esti-
mated that the losses due to unreliability of electricity supplies may be as high as 4%
of the gross domestic product (GDP).in the short term. For India the cost of power
shortages to the industrial sector has been estimated at 1.5% of the GDP and for
Pakistan at 1.8% [9].

Means of improving accessibility to electricity

Orthodox methods for the provision of electricity supplies, i.e. the erection of
a central power station with a transmission and distribution network, which is ideal
in industrialized countries and urban areas, may not be the most economic means of
providing electricity supplies in developing countries, particularly in rural areas,
where the electricity demand per consumer is only a small fraction of a kilowatt.
Unorthodox, local or individual techniques have to be investigated in order to reach
the target of ensuring electricity supply and to enhance human development.

In rural areas, small diesel sets could be used for many purposes, but these
require continuous supply with fuel and spare parts; maintenance of these sets is also
required, but people who can do this are not always available. Long interruptions
due to broken diesel sets are not uncommon in many countries. It would also be
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important to exploit mini and micro hydroelectric resources in developing countries
if such resources are available. Utilization  of photovoltaic (PV) solar cells in house-
holds or by small communities is a very important recent development that warrants
further attention. Facilities which utilize solar energy need no fuel and practically
no maintenance, only a small storage battery. The price of such a facility (10-30 W)
for small rural houses, including wiring, is approximately US $600, and the costs
are still decreasing. It was claimed that 25% of the rural population without access
to electricity could be economically supplied in this way. The same concepts would
be applied in rural areas of most low income developing countries in Sub-Saharan
Africa and south Asia [10].

Supplying electricity to the 2000 million people who have no access to
electricity is a major challenge facing every Government and electrical utility in
developing countries. Large funds are being made available by Governments for the
development of the electrical system. However, local communities and non-
governmental organizations should also take part in this effort. It would be costly
and time consuming to wait until the national grid reaches every village and popula-
tion centre. There is a need for innovative technologies and also for integrated
resource planning on a national level to include electricity supplies in development
plans in an optimal way [11].

Most cities in developing countries have already an electricity supply of some
sort. Therefore, the most important task in these countries is the electrification of
rural areas. This poses mainly two types of problems: technical problems and
problems connected with the required capital.

On the technical side, the best and most economic strategies for providing
electricity supplies in rural areas have to be found. No doubt, the best technical solu-
tion would be to connect these areas to the national network {(or to the system of a
nearby city if there is no national network). This may, however, not be economically
feasible or technically possible. Therefore, for each country, the specific circum-
stances and conditions as well as the existing network configuration have to be
studied, utilizing the techniques of the least-cost solution [12]. As mentioned above,
innovative techniques also have to be considered. In certain areas, connection to the
national network may not be possible because of large distances and technical limita-
tions. Therefore, a promising first step would be to develop local systems, i.e. to
promote local electricity generation. The next step may be to connect these local
systems to the national grid. However, the problems in connection with generation
systems (sometimes based on diesel engines) in rural areas are the difficulties
connected with the supply of fuel and spare parts and the availability of skilled man-
power needed to run the power stations and to maintain them. Therefore, provisions
must be made to solve these problems. One way of facilitating the task is to build
hybrid systems with diesel engines that are supplemented by other local resources,
such as wind energy or mini hydroelectric resources. Also, central maintenance
teams for localized systems could be organized to efficiently utilize local manpower.
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In low income developing countries, for example in many countries in central
Africa, it may not be economically possible to adopt central or local systems. In these
cases, provision of individual small supply facilities based on PV modules, as
mentioned above, may be the only practical solution for providing electricity in a
very modest way to rural areas. Such modules could be installed in a central village
to provide electricity to a clinic, a water pump or a telecommunications system.
Alternatively, small PV modules could be used in houses for lighting and for other
basic needs. Batteries with a single charging centre could also be used. Such activi-
ties could be commercialized in rural areas of developing countries, with participa-
tion of private persons and local entrepreneurs. Groups of local entrepreneurs could
also start their own local diesel generating systems in villages and sell limited
amounts of electricity to the people at a profit, thus filling a gap for some time until
the establishment of a national network becomes possible.

One of the means to facilitate rural electrification is to develop economic
network configurations, using local materials if possible, for instance concrete or
wooden poles, and to produce network materials, particularly accessories. Standardi-
zation of rural networks, with local production of some of the materials, would
greatly help reduce the cost of rural electrification.

In developing countries, there are other basic needs aside from rural electrifi-
cation (provision of education, public health, welfare, construction of roads). The
role of integrated resource planning is to ensure optimum allocation of the limited
capital funds and resources to the different competing uses. The circumstances and
means are different in every country; for integrated resource planning on a national
level, it is necessary to find the proper level of priority for electrification.

SECOND ISSUE: CAPITAL SHORTAGE

The main reason for inaccessibility to energy and electricity in developing
countries is the lack of capital. Electricity systems that consist of generating facilities
and a network are capital intensive; a large proportion of foreign currency is
required, which is usually not available in many developing countries. The amount
of capital needed in the electricity supply industry depends to a large extent on
predictions of demand.

Some research has been carried out to predict the future electricity supply
requirements in developing countries. During the 1980s, the electricity demand in
developing countries has grown at a rate of 8.2% per year; in the 1990s, it is growing
at a rate of 6.75% per year, which is 1.5 times the rate of the economic growth. It
is expected that in the first two decades of the next century the electricity demand
will grow at a rate of 4.5% per year.

Most of the investments in energy systems are used for the electricity sector,
but large amounts of money are also required for other energy sectors (refining,
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mining, distribution of products, building of pipelines, etc.). Generally, 0.6-0.7 of
the total investment in the energy sector is used for electricity systems (the exact
figure differs from one country to another, depending on its natural resources and
the degree of maturity of its energy infrastructure). It is assumed that, by the year
2020, developing countries will produce as much electricity as 12 000 TW -h, which
will constitute 45% of the world’s electricity production expected for that time, This
means that the annual electricity consumption in developing countries will be around
1800 kW -h per capita by the year 2020. In comparison, in 1992, the annual average
per capita consumption of electricity worldwide was 2200 kW-h. Thus, after
25 years from now, the electricity consumption in developing countries will still be
much below the present average world consumption. In order to reach the above
level by the year 2020, electric power stations with a capacity of 3000 GW would
have to be built (almost 0.5 kW per capita in developing countries compared with
the present 2.5 kW per capita in industrialized countries). The present cost of such
facilities is around US $3000 x 10°. If a similar investment is allocated to the
transmission and distribution system, which is usual for electric power systems, the
investment in the electricity subsector will be US $6000 x 10°. Comparing this
with the total GDP in developing countries of US $2700 X 10° in 1990, which is
expected to rise to US $4300 x 10° by the year 2000 and to US $9400 x 10° by
the year 2020, gives an idea of the dimensions of the financial burden. If 20% of
this GDP is allocated to capital investment, i.e. gross capital formation, developing
countries will have to invest US $34 000 x 10° over the period 1990-2020, with
US $6000 X -10°, i.e. around 18%, required for energy systems. This demon-
strates the very heavy financial burden which the development of the electricity
system will impose on developing countries with their limited financial resources.
The requirements for investment in the electricity sector are much larger than those
for investment in other infrastructural sectors in developing countries [13].

The capabilities of the Governments of most developing countries to mobilize
such capital resources are, of course, limited, since in most of these countries
priority is given to developmental activities for people, mainly regarding education,
health care and employment. However, developing countries need electrical systems
for the development of their economy; in order to achieve this, they have to mobilize
local capital. Furthermore, they need assistance from other countries, not only by
provision of funds in the form of soft and commercial loans but also through invest-
ments in the energy and electricity sector by industrialized countries. So far, invest-
ments other than those for oil exploration and development have been limited.
However, in the past few years, significant amounts of money from international
institutions were made available to a few developing countries, especially in the form
of direct foreign investments. In order to attract local and foreign capital (and the
accompanying technologies), developing countries will have to extend their capital
markets and their legal framework, establish regulatory bodies, and create confi-
dence among foreign investors. This is being done in many of the upper-middle
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income countries, which are on the way to become newly industrialized countries
(Malaysia, Turkey and some Latin American countries), as well as in low-middle
income countries and in a few large low income countries (China, India, Pakistan,
Philippines). These countries are developing their own financial markets, creating
a legal and régulatory framework with the guarantees necessary to attract local and
foreign investors; thus, they are preparing the ground for attracting private invest-
ment in order to compensate for the lack of official assistance and the shortage of
governmental funds. However, other, smaller, low-middle income and low income
countries (particularly countries in Sub-Saharan Africa and east Asia) have not
reached that extent of market sophistication and will continue to depend on official
assistance and on governmental funds for many years to come.

Official financial support to developing countries, particularly to the electricity
supply industry, is not growing at a pace commensurate with the demand and needs
of these countries. Governmental funds also have to be used for other, more impor-
tant, needs (water supply, sewage system, education, medical services, etc.). Local
and foreign investments in the different sectors are required, as well as reforms in
the electricity sector.

A major problem in the case of independent power producers is the high cost
of financing. Because of the risks involved, private sponsors of projects expect a
net return of usually not less than 18-20% on their investment, having paid all
operational and other costs, including the costs for loans. This cost of financing is
very high, and most of the low income developing countries cannot afford it. These
countries often have loans from the International Development Agency (IDA) of the
World Bank and from similar development agencies for which the repayment period
is long (20-30 years, with a grace period of 5-10 years) and the interest rates are
very low (0.75-1% per annum). Developing countries cannot afford the high
financing costs associated with new schemes and they also do not have the sophisti-
cated local financial markets and institutions that can help in co-financing and in
mitigating some of the risks. The World Bank recently developed financial instru-
ments and institutions that can assist developing countries by providing guarantecs
and risk mitigation schemes, thus enabling more reasonable financial returns to
investors. These institutions include the Multilateral Investment Guarantee Agency
(MIGA), the Enhanced Co-financing Operations (ECO) and the International
Finance Corporation (IFC).

Independent power production is still taking place in developing countries to
a large extent, particularly in China, Colombia, Guatemala, India, Pakistan and the
Philippines; in other countries, e.g. Morocco and Turkey, this type of power
production is being contemplated and negotiated. Mitigation of risk is essential for
developing countries to facilitate larger private investments in electricity systems and
to lower the premiums [14].
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THIRD ISSUE: ELECTRICITY GENERATION, HEALTH AND
THE ENVIRONMENT '

Because of environmental and other concerns, most countries in the industrial-
ized world are trying to utilize, whenever possible, environmentally friendly fuels
(natural gas and LNG) for their new generating facilities, as well as new technologies
with the aim of achieving high efficiency and treatment and control of emissions,
sometimes at high investment costs. Developing countries, particularly low income
countries, are concerned about cost more than anything else. They try to utilize local
fuels whenever possible and available, irrespective of quality; they have to trade effi-
ciency against investment costs and they have to try to utilize local technologies
whenever possible, irrespective of other considerations. Also, in most instances,
these countries cannot afford large investments for the control of environmental
emissions (flue-gas desulphurization, DeNO, facilities, etc.).

The two largest developing countries, China and India, have large coal
resources but small natural gas resources. China has a population of 1175 million
and India 900 million, i.e. a total population of 2075 million. This is almost half the
population of all developing countries. The potential growth of the electricity supply
of these two countries is very high, with a double digit increase in demand in the
case of China. Therefore, the performance of these two countries will affect the
future of the electricity supply in developing countries more than anything else. Both
countries have large coal reserves but small natural gas reserves. China has the third
highest coal reserves in the world after the United States of America and the former
Soviet Union [15]. The coal reserves of China and India are 11% and 6.7 %, respec-
tively, of the global coal reserves, while their reserves of natural gas are only 1.2%
and 0.5%, respectively, of the global reserves. Correspondingly, both countries will
continue to depend on coal as their major fuel for electricity generation for several
decades. N

It is not only China and India that will mainly use coal for electricity genera-
tion. All developing countries with reasonable reserves and commercially viable
resources will continue to use coal as their-main fuel for electricity generation,
irrespective of other considerations. This applies to Colombia, South Africa, Turkey
and, to a lesser extent, Indonesia. Developing countries with large coal resources
will not only continue to use coal as their main fuel for electricity generation, but
they will also use'their own technologies for coal fired facilities. These technologies
are usually not state-of-the-art ones and, therefore, emissions can be significant. It
will be necessary to promote clean coal technologies in such developing countries,
as discussed below.

Electricity ‘production in developing countries is a source of local pollution,
particularly in those countries: which rely on indigenous coal. Mining and transport
of fuel can cause the same degree of pollution as electricity generation. Not only air
pollution is caused but also pollution of land and infiltration of pollutants into surface
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water and groundwater aquifers. Disposal of ash resulting from burning coal can also
cause pollution. It should be pointed out that developing countries, particularly those
with low incomes, cannot afford the capital investments required for sophisticated
flue-gas desulphurization and other DeNO, facilities. Producing as much electricity
as possible at the lowest cost is the main concern of these countries. In many cases
this has led to pollution of air and water, with a corresponding impact on the health
of people. However, developing countries are becoming increasingly concerned with
environmental questions, particularly because of the worldwide efforts made in this
respect during the last few years, and they are trying to reduce pollution, particularly
from local sources.

Regional pollution is not a major issue in developing countries because of their
relatively large areas and the limited use of energy and electricity. So far, only few
developing countries are concerned about global pollution, particularly by the
emission of greenhouse gases. In some developing countries, global warming due to
CO, emissions is regarded as being scientifically debatable. Because of resource
restrictions and financial limitations, developing countries have great difficulty in
securing enough energy resources to enhance their economic development; there-
fore, it would be very difficult for them to take part in global efforts that would
impose limitations on their meagre finances or cause delays of their economic
development. The main contribution of developing countries to the global reduction
of environmental emissions will be to invest in electricity and energy efficiency and
to take energy conservation measures that are economically viable and that do not
impose undue strains on their financial resources, which are dedicated to the
provision of electricity for the enhancement of economic development. Developing
countries should also aim at reducing the existing subsidy structures of their
electricity pricing system and they should try to eliminate these subsidies. These
countries are, however, not prepared to internalize environmental costs (particularly
global ones) into their electricity pricing structures.

The main contribution of developing countries to the protection of the global
environment is through adoption of electricity conservation and efficiency measures
and the use of clean technologies. A major environmental contribution would be to
switch to the utilization of natural gas. This is already taking place in some countries,
albeit slowly, for many reasons, the most important one being the lack of capital to
invest in national and cross-boundary gas networks. It will be necessary to assist
developing countries by technology transfer and provision of capital, so that they can
contribute to environmental protection.

The future prospects of nuclear power in developing countries are very limited.
Nuclear power reactors are being built only in China, India, the Islamic Republic
of Iran and Pakistan. Of the 48 nuclear reactors that are being built, only 14 are in
developing countries, eight are in newly industrialized countries, and the rest are in
eastern European and in OECD countries [16]. Nuclear power is not expected to play
a significant role in developing countries in the foreseeable future. These countries
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will continue to rely on fossil fuels, mainly coal, and also on hydropower to some
extent. :

FOURTH ISSUE: NEED FOR REFORMS. AND RESTRUCTURING

In most developing countries, the Government plays a dominant role,
particularly in the electricity sector. The Government is the owner, the regulator and
the operator of power plants. Investments in electricity are very high and only
Governments can afford them. The extent of governmental control varies from
country to country; however, in all developing countries, the Government has the
major role in the electricity sector, not only as a regulator but also as majority owner
and manager. Distribution of electricity is sometimes undertaken by private firms,
but governmental control of the energy sector is still dominant in most of these
countries and the Government also sets the prices. The electricity prices are fixed
by the Government, reflecting its social and industrial policies, and in most cases the
prices are subsidized. The subsidies vary and their extent depends on the existing
local energy resources. :

Governments will continue to dominate the.-electricity sector in most develop-
ing countries because of capital shortages, the need for financing and guarantees for
loans, and the necessary investments. Governments are, however, not best suited to
run utilities and it is advisable to limit governmental control and to encourage the
development of markets in order to improve the performance of the electricity sector.
Government management and subsidies have led to inefficiency of this sector and to
wastage and misallocation of resources. Thus, in most developing countries the
electricity sector is not properly managed and is unable to offer services of the
required quality and quantity. It is also not able to extend the supply of electricity
to those regions where hundreds of millions of people are still not connected to the
electricity system. The wastage of resources, the inefficiency and the over-utilization
of electricity in many quarters have a direct bearing on emissions and pollution from
electricity generation and hence an impact on the environment and the health of
people. : :

All this calls for a change, i.e. restructuring of the electricity sector, to reduce
governmental control, thus creating competition on the market and encouraging
investors (local and foreign). It is not possible to get rid of governmental control,
which has been there for decades, since this might cause political instability. There-
fore, the transition from full governmental control to less control has to be gradual
and the existing utilities owned and controlled by the Government have to be
restructured. The first step may be to establish Government owned but autonomous
companies and corporations. Such institutions should be independent and auto-
nomous; they. should be accountable for the performance of their plants and they
should set the remunerations of their employees and the employment rules similar
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to those of the private market. Such restructuring is not easy in developing countries,
particularly because the existing democratic institutions are often anxious to enhance
governmental control in order to protect (in their opinion) public goods and public
vested rights (such as subsidies). However, restructuring has been adopted with
success in many instances and is one of the best ways of reforming the electricity
sector in developing countries. For such reforms to succeed, they must be accompa-
nied by a phase-out of subsidies and by regulatory measures to attract investors
(foreign and local).

Development of manpower and managerial capabilities in developing countries
is imperative for the development of the .electricity sector. The lack of capable
managers is a bottleneck; good managers usually work for competitive markets,
where their remuneration and promotion depend on their performance, which is
usuaily not possible in the case of electricity institutions dominated and operated by
the Government. Restructuring of the electricity sector in a way that would lead to
efficient performance under market conditions is desirable in developing countries
in order to attract capable managers and to train an efficient labour force. Because
of the monopoly of the electricity sector, creation of competition in this sector is not
easy, even in industrialized countries. Therefore the successful development of
competition in the electricity sector that is taking place in industrialized countries
can serve as an example and can provide an incentive for developing countries to
follow - suit.

It is useful to compare the structure of electric utilities in developing countries
with those in industrialized countries. Most utilities in developing countries have a
p‘ub]ic monopoly, with little accountability, and with control regulations imposed by
Governments, which have resulted in poor performance of these utilities.. In most
industrialized countries there are both private and public utilities (sometimes
competing ones), with transparent regulations, as well as information of and inter-
action with the public. Many developing countries are trying to learn from these
experiences, and reorganization of utilities is already taking place. Any attempt at
improving the relationship between 'electricity, the environment and health in
developing countries that does not have reforming and restructuring of the electricity
supply in these countries as its centre of interest would be missing a vital issue.
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Abstract

THE POWER SYSTEM IN RUSSIA AND THE ROLE OF NUCLEAR POWER IN THE
TRANSITION TO MARKET ECONOMY. '

'As a consequence of the transition of the Russian economic system to market economy,
important changes are taking place in the structure of the fuel-energy complex (FEC). Sub-
stantial changes have taken place in the structure and the scale of fuel and energy production,
for example a decline in the exploitation of oil and coal and a decrease in the production of
electric energy by fossil fuelled power plants. Also, the power sector is being restructured.
The paper discusses the causes of current problems in the FEC and the role of nuclear energy
in the Russian power sector. The results of the Russian-US joint study on the development
of the electric pdwer sector and the problems of nuclear power development are also
discussed.

1. INTRODUCTION

As a consequence of the transition of the Russian economic system to market
economy, important changes are taking place in all parts of the country’s economy,
including the fuel-energy complex (FEC). Substantial changes in organizations and
in the management system of the FEC have already taken place, e.g. formation of
joint stock companies and privatization of State companies.

However, major changes in the structure and the scale of fuel and energy
production will probably take place because of market reforms in the country’s
economy. At present, it is possible for Russia to make effective changes to the
structure of the FEC, but, because of the further development of market economy,
the possibilities of making such changes will decrease. Therefore, a careful analysis
of the situation is necessary -in order to select the best ways for development of
Russia’s FEC.

75
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For reliable and safe large scale production of energy; particularly electricity
(for which more than one third of the energy resources is used), a number of mea-
sures have to be taken. The most important characteristics of such measures are:

— Diversification of energy resources so as to ensure that unforeseen events or
failures in one area do not result in the need for abrupt restructuring of the way
of life of people; : :

— Assured supply of energy resources and technologies that have been proven,
so that there is no danger of an excessive rise in the cost of energy;

— Acceptable levels of safety and of the impact on humans and the environment.

These characteristics (or the requirements for them) determine the need to use
different energy resources (coal, oil, gas and nuclear energy), ensuring that each of
them contributes a comparable share of the total energy production.

Energy utilization in Europe (and in the whole world) has increased to such
a level that it is not possible for a country to develop its energy system in isolation.
The impact on the environment (acid rain, pollution of air and water, etc.), the
supply of fuel and other problems of energy and electricity production are trans-
boundary issues, and general agreement on an energy policy is the only reasonable
way of resolving them.

2. THE ENERGY COMPLEX QOF RUSSIA
2.1. General situation

Before 1988, the exploitation of energy resources in Russia had increased con-
tinuously, up to 13% of the worldwide exploitation, while the population of Russia
was less than 3% of the world population. At the beginning of the 1990s, as a result
of the breakdown of the Soviet Union and the general economic crisis in Russia, the
exploitation of energy resources and energy generation began to decline. Compared
with the maximum levels achieved, in 1994 the exploitation of fossil fuel resources
had declined to 60% for oil, 61% for coal and 95% for gas; electricity production
had declined to 86%. N

In 1994, the total production of primary resources was 77% of that in 1990,
and energy consumption was 86%, while the gross domestic product (GDP)
decreased to 60%. At present, the lower rate of decline in the demand for fuel and
energy compared to the production dynamics is due to the stability of and even a
slight increase in the energy consumption in the public services and the agricultural
sectors, as well as an increase in the specific energy consumption (i.e. energy con-
sumed per unit of output) in the industrial sector. The latter is a result of the under-
utilization of capacities and the relatively slower decrease in production of the energy
intensive sectors of the industry. As a consequence, there was a more than 1.4-fold
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increase in the already high energy intensity of the GDP in 1993 compared with that
in-1990. Unfortunately, we have to expect a further decline in the exploitation of
fossil fuels. On the contrary, the uranium resources, mainly the stocks of already
extracted cheap uranium, would be sufficient for the development of nuclear power
until the year 2010. It should be pointed out that, in recent years, nuclear power
plants (NPPs} have operated more reliably than fossil fuelled power plants.

The technical level of the operating facilities in all branches of the FEC has
become critical. The design lifetime has expired for more than half of the facilities
in the coal industry and for 30% of the gas pumping stations. The depreciation of
almost half of the oil extraction facilities is more than 50%; more than one third of
the gas supply facilities and more than 20% of all thermal power plants will have
to retire by the year 2000. According to the present safety standards, it will be neces-
sary to reconstruct about half of the operating NPPs. Because of these facts and many
other factors, there is a real danger to long term energy supply in Russia. Some of
the reasons for the FEC crisis in Russia are the following:

— The policy of increasing oil and gas extraction at all costs in order to compen-
sate for the deteriorating economic efficiency, and the deceleration in scientific
and technical progress. ' ' '

— The very low level of efficiency in the use of fuel and energy, mainly in the
FEC. It is obvious that large losses during extraction, transportation, storage
and reprocessing of fuel have a negative impact on the environment.

— The artificial support of low prices for fuel and energy resources and, accord-
ingly, the unprofitableness of the fuel extraction industries.

— The desire to continuously increase the export of crude oil and gas. For a long
time, part of the exported oil and gas was at unreasonably low prices, for
political reasons. :

The Chernobyl accident, which was followed by a compulsory change in the
development strategy of the power sector, mainly in respect of the structure of fuel
supply, had a serious effect on the operation of the country’s FEC. Before 1986,
accelerated development of nuclear power was assumed in the official energy
programme; nuclear power was supposed to cover all necessary capacity additions
in the European part of Russia. In accordance with these plans the rate of NPP con-
struction was very high. It was assumed that the total installed capacity of NPPs
would amount to 55 GW(e) by the year 1990, 85 GW(e) by the year 1995 and about
130 GW(e) by the year 2000. However, after the Chernobyl accident, construction
of new NPPs was almost cancelled and most of the necessary capacity additions were
provided by gas fired plants. For an analysis of the FEC it should also be noted that,
since the beginning of the 1980s, there was some lag in the development of the coal
industry, which resulted, in particular, in a decline of the exploitation volumes and
of the coal quality. In addition, the construction of new coal fired power plants was
practically stopped. This means that the majority of operating coal fired power plants
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do not meet the current environmental standards and will have to be reconstructed;
these standards have beome more stringent over the last twenty years, but the neces-
sary measures for improving the environmental features of operating coal fired
power plants have not been implemented.

An analysis of the ecological situation in Russia shows that the discharges from
fossil fuel power plants account for a considerable part (more than 25%) of all harm-
ful discharges from industrial installations. About 60% of the discharges come from
thermal power plants in the European part of Russia and in the Ural, where the
ecological burden is substantially above the set limits. At present, the ecological
situation is worst in the Ural, in the central region and in the Volga region, where
the burdens due to sulphur and nitrogen fallout are 2 to 2.5 times the critical values.

The scale of atmospheric contamination by discharges from thermal plants is
characteristic of the technical level of the plants and of their pollution abatement sys-
tems. Published data indicate that at present the discharges of ash, sulphur dioxide
and nitrogen oxides from operational thermal plants are several times higher than
those specified in standards that were established in 1989.

2.2. Electric power

The power sector of Russia is structured as an integrated power system (IPS).
The Russian IPS (including the eastern part) accounts for 96% of the electric power
generation and for approximately 94% of the installed capacity of electric power
plants in Russia. The generation capacity and the percentage shares of different types
of power plant in the Russian IPS at the end of 1993 are given in Table I, which
shows that approximately 70% of the total power generation capacity is concentrated
in the European part of Russia; all NPPs are located in the European part of Russia;
most of the existing capacity (68%) is concentrated in fossil fuelled thermal power
plants; the thermal capacity is represented by combined heat and power plants
(CHPs), which account for 36% of the total capacity, and condensation power plants
(CPPs), which account for 32% of the total capacity. Figure 1 shows the shares of
the different fuels used in Russian CPPs in the period 1980-1992. The portion of
hydropower plants varies widely in the different regions; in the European part of
Russia they account for only 13% of the total power plants and in the eastern part
they account for 38%.

Eight nuclear power stations, operating in the central, north-west, middle
Volga and Ural unified electric power systems, represent the backbone of the
Russian nuclear power. These stations have 25 nuclear power units with a total
gross capacity of about 21 GW(e).

Four major reactor types are in operation: the RBMK-1000 (11 units), the
WWER-1000 (7 units), the WWER-440 (6 units) and the BN-600 (1 unit). These
units can be divided into two groups in terms of safety level: (1) the units with first
generation WWER-440 reactors and the RBMK-1000 reactors (13 GW(e)); and
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TABLE I. GENERATION CAPACITY AND PERCENTAGE SHARES OF
DIFFERENT TYPES OF POWER PLANT IN THE RUSSIAN IPS AT THE

END OF 1993
. European part Eastern part
Type of IPS of Russia (including the Urals) (including Tyumen)
plant
GW(e) % GW(e) % GW(e) %
Hydro 41.7 21 18.1 13 23.6 38
Nuclear 21.2 11 21.2 16 — —
Thermat 135.8 68 98.1 71 37.7 62
CHPs 72.7 36 53.9 39 18.8 31
CCPs 63.1 32 442 32 18.9 31
Total 1987 100 137.4 100 61.3 100
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FIG. 1. Shares of fuels used in Russian CPPs

in the period 1980-1992,
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(2) the units with second generation WWER-440 and WWER-1000 reactors and with
the BN-600 reactor (8 GW(e)). The reactors in the first group will require safety
upgrading (modernization) to improve their safety and to permit their operation until
the end of the design service life.

An important consideration for the future of the nuclear power sector is the
advanced state of construction of a number of incomplete units. The Rostov-1 unit
is 95% complete, Kalinin-3 is 70% complete and Kursk-5 is 80% complete. Con-
struction has started on Balakovo-5 and -6. The completion of construction of these
units might be a good opportunity for restarting nuclear power development in
Russia.

TABLE II. FUEL AND ENERGY PRODUCTION IN RUSSIA’S FEC,
1985-1994

Fuel Units® 1985 1988 | 1990 | 1991 1992 | 1993 1994

Oil mill t 542 568 518 461 461 355 340
mill tce 774 811 740 658 658 507 458

Gas 102 m? 462 590 640 643 640 618 607
mill tce 531 .| 679 736 740 736 710 698

Coal mill t 395 425 396 345 328 306 261
mill tce 257 276 257 224 213 196 167

Electricity | 102 kW-h | 160 161 167 168 172 176.4 179
production | mill tce 51.7| 52 54 543| 556| 57 58
(hydro)

Electricity | 102 kW-h | 993 | 126 118.3 | 120 119 118 104

production mill «ce 333 42.2 39.6 40.2 40.1 ‘ 38 32
(nuclear)
Total mill tce | 1647 1861 1827 1716 1703 1508 1413

® mill t = million tonnes, mill tce = million tonnes of coal equivalent.
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FIG. 2. Production of natural gas and its share in the total energy balance of Russia.

2.3. Fuel resources

The most substantial changes in Russia’s FEC have taken place in production
and consumption of fossil fuels. These changes relate both to the scale of fuel
production and to the consumption structure. Data for fuel and energy production
in the period 1985-1994 are presented in Table II. It can be seen that the production
of oil and coal has substantially decreased, whereas the production of natural gas has
substantially increased.

From 1985 to 1990, production and consumption of natural gas in the former
Soviet Union have increased extremely rapidly, with Russia being the main producer
of gas (more than 80%). Today, Russia is the largest producer of natural gas in the
world (~640 x 102 m? in 1992) and also the largest exporter of natural gas in the
world (~200 x 10'2 m3 per year). The main consumers of Russian natural gas,
apart from the countries of the former Soviet Union, are the countries of western
Europe.

The rapid growth rate of production and consumption was due to the low
production cost and the low levels of investment required, particularly in the initial
phase of large scale utilization. Within an astonishingly short time, natural gas
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assumed a leadi‘ng position in the country’s fuel-energy balance (see Table II). As
can be seen from the data presented in Fig. 2, in 1994, gas accounted for nearly 50%
of the country’s fuel-energy balance. An analysis of the basic data, presented in
Ref. [1], suggests that the share of natural gas in Russia’s fuel-energy balance will
continue to increase by an average of about 1.5% per year; by the end of 1997, the
consumption of natural gas could reach some 55% of the country’s total fuel con-
sumption. The share of gas in Russia’s electric power industry was more than 52%
in 1993, with a total consumption of gas in the power sector of more than
200 X 10'2 m® per year, which is the highest in the world. One argument that is
frequently used to justify the Russian ‘gas policy’ is the assumed existence of large
reserves of natural gas (Yamal, Barents Sea, and so on). It is for this reason that the
shift to a power industry based on a single energy resource (which has already taken
place) is considered by some to be quite acceptable and justified. However, this
policy is very difficult to understand from a logical, scientific point of view if a num-
ber of factors are taken into consideration, including the fact that the main part of
the natural gas in Russia (~92%) is extracted from fields in the Nadym-Pur-Taz
group (Tyumen region), which are near their production peak, and the need to open
up new fields, which requires very major investments [1]. To illustrate the last point,
gas production dropped from 640 x 10'2 m* to about 606 X 10'? m? from 1992 to
1994 (see Fig. 2). According to Ref. [2], the extraction of natural gas will decline
further.

In summary, it should be noted that the trend towards further expansion of the
‘gasification of Russia’ is dangerous, for the following reasons:

— There are no precise estimates of natural gas reserves in Russia, both in terms
of volume and of the potential cost of extraction, which will undoubtedly
increase. Earlier investigations (e.g. Ref. [3]) stress that ‘‘any predicted
increase in gas reserves is not very reliable’’.

— The risk associated with large scale utilization of natural gas is extremely high
and it is difficult to predict the environmental impacts of large scale gas extrac-
tion and transportation.

— The gas fields in Russia are very far away from the places where the gas is
utilized on a large scale and so there is a need to build gas storage facilities
with a volume sufficient for the level of consumption.

— The role of natural gas in Russia’s economy may turn out to be similar to that
of oil, whose ‘cheapness and accessibility’ are well known.

Al of these factors pose a serious threat to the strategic safety of Russia’s power
industry.
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3. PROSPECTS-FOR THE DEVELOPMENT OF THE ELECTRIC POWER
INDUSTRY IN RUSSIA: THE ROLE OF NUCLEAR POWER

The aforementioned shortcomings in Russia’s energy policy, which is oriented
towards intensive utilization of natural gas, may be offset to a considerable degree
if gas is regarded as just one of a number of equally important energy resources
necessary to ensure an acceptable degree of diversity; the share of natural gas in
power production should not exceed 25-30%. For such a scenario, nuclear power
is the only energy resource that can help ensure a future energy structure that is suffi-
ciently reliable and balanced in terms of independent energy resources. Coal cannot
be used to solve the problems in the foreseeable future, mainly for economic reasons,
i.e. because of the very large capital investments required for bringing the mining
technology up to date and for protection of the environment, and also because of the
high transportation cost. Furthermore, apart from the high cost of transportation, any
increase in the supply of coal to the European part of Russia is restricted by the
capacity of the main transportation artery — the Trans-Siberian railway.

Nuclear energy, as a necessary component of power production in Europe and
in Russia, has the following advantages:

— The scale of development of nuclear energy is not restricted by existing stocks
of energy resources (fuel).

— Nuclear energy helps reduce the environmental impact that is associated with
the exploitation, transport and burning of fossil fuels. '

— Nuclear energy is not nearly so sensitive to changes in domestic economic
mechanisms and to political miscalculation as is energy production by the use
of fossil fuels; this has been confirmed by an analysis of the exploration of
all alternative energy resources, including nuclear energy, under current
conditions. o

— Nuclear energy helps keep down the cost of energy resources and the cost of
energy production.

If nuclear power in Europe and Russia develops as expected, the fuel resources
of the regions where natural gas is extracted are such that, for a considerable period
of time, these regions will be self-sufficient (natural economy) and not dependent to
any significant degree on other regions. By developing its domestic nuclear power
industry, Russia would be able to provide hydrocarbon raw materials over a long
period, not only for itself but also for other European countries, both for technologi-
cal use and for power production in densely populated European countries for which
it is difficult to develop nuclear power on the required scale. In future, it might also
be possible to transfer electricity from NPPs in Russia to European countries. The
electricity produced in NPPs could also be used for pumping natural gas through
pipelines, thereby saving at least 10-15% of the gas produced (see Table III).
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TABLE III. NATURAL GAS PRODUCTION, CONSUMPTION:' -
AND EXPORT BY RUSSIA IN 1992

10" m%a
Production of natural gas 640
Part consumed in pipelines 60
Total comsumption of natural gas V 385
Part consumed by the power industry about 205
Export of natural gas about 200

Increased utilization of nuclear energy involves the use of advanced technol-
ogy, for which a high level of know-how, a safety culture and an increasing number
of qualified people are needed. Not only will it help provide more peaceful solutions
to economic and political problems in the future, but it will also lead to a reduction
in the material and energy requirements of the population. At the same time, it will
help resolve the emerging problem of having to take into account not only the
interests of the present generation but also those of future generations. Harmonious
and long term development of Russia’s fuel and energy programme, making
allowance for the required level of export of hydrocarbon raw materials and energy
to European countries, will only be possible if nuclear power is developed further
in Russia. -

Nuclear power production may be cheaper in Russia than in Europe, for the
following reasons:

— A large number of NPP sites exist which are acceptable from economic,
environmental and safety points of view;

— There are ample cheap construction resources;

— There are qualified professional staff and training msututes

— A trained workforce is less costly;

— Russia has the necessary infrastructure and the full range of enterprlses capable
of producing large scale equipment for NPPs; -

— Russia has an assured supply of nuclear fuel for several decades to come and
it has high capacity enrichment facilities;

— Russia has already made significant progress in the field of fast reactor con-
struction and in the closing of the fuel cycle.
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TABLE IV. ESTIMATED COSTS FOR UPGRADING OF RUSSIAN NPPs
(million US dollars in 1994 currency values; Russian conditions)

RBMK-1000 WWER-440 WWER-1000

Direct cost _ Max. '89.0 T390 28.1
Min. 34.7 9.8 15.2
Indirect cost Max. 19.8 13.6 ]5'2.
Min. 7.7 7.1 9.9
Basic construction cost Max. 108.8 52.6 43.3
Min. 42 .4 16.9 25.1
Unit contingency Max. 16.9 8.2 4.4
Min. 6.6 2.6 2.6
Total cost Max. 125.7 60.8 47.7
’ Min. 49.0 19.5 21.7

Duration 24 months 21 months 18 months

The necessary preconditions for a serious approach to the development of
nuclear energy in Russia have been fulfilled. However, it will be necessary to estab-
lish and implement an economic mechanism that ensures this development and
attracts capital to this branch of the industry. This will be difficult to achieve solely
on the basis of economic interest, and it will be necessary to take political decisions,
particularly with regard to the utilization of the vast stocks of mined uranium in
Russia that can serve as a collateral for the required capital.

If such a mechanism could be developed and if the required capital could be
attracted, it would be possible to solve the problems facing nuclear power in a cost
effective way, as has been demonstrated within the framework of a joint Russian-US
investigation into alternatives for the development of the electric power industry
[4, 5). Section 4 gives the details of this study. A report on the part of the study
devoted to nuclear power presents general and detailed results [5]. The work
included cost estimates (see Tables IV-VII) for such measures as the modernization
of Russia’s NPPs to enhance safety, completion of the construction of NPPs and
decommissioning of NPPs.
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TABLE V. ESTIMATED COSTS FOR COMPLETION, CONVERSION AND
CONSTRUCTION OF RUSSIAN NPPs

(million US dollars in 1994 currency values; Russian conditions)

Completion Conversion Construction
Kalinin-3 Rostov-1 WWER-640
(NP-500)
Direct cost Max. 102.0 488.1 430.1
Min, — — 344.1
Indirect cost Max. 98.7 95.6 129.2
Min. — — 103.3
Basic construction cost Max. 200.7 583.7 559.2
Min, — - 447.4
Unit contingency Max. 42.2 208.4 232.7
Min. — — 186.1
Total cost Max. 242.9 792.1 791.9
Min. — — 633.5
26 months 24 months 72 months

Duration

For further development of nuclear power in Russia it is necessary to carry out

the following tasks, which undoubtedly have economic effectiveness:

— Implementation of measures to enhance the level of safety and reliability of
operating NPPs; completion of previously started NPP construction;

— Resolution of problems regarding radioactive waste management, including
those related to spent nuclear fuel;

— Development of up-to-date complex mathematical models for evaluation of the
economic and strategic role of nuclear power in the economy of all countries.

In addition, there are tasks which, although they are intended for the future,
should already be started and whose cost effectiveness still cannot be fully estimated,
i.e. closing of the fuel cycle for transuranic nuclides, transmutation of long lived
fission products and use of thorium in NPPs.
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TABLE VI. ESTIMATED COSTS FOR DECOMMISSIONING OF RUSSIAN
NPPs (million US dollars in 1994 currency values; Russian conditions)

RBMK-1000 WWER-440
Direct cost Max. 28.2 15.5
Min. — _
Indirect cost Max. 153.5 98.2
Min. 147.3 93.7
Basic cost Max. 181.7 : 113.7
Min. 147.3 93.7
Unit contingency Max. 27.3 ) 17.0
Min. 22.1 14.1
Total cost , Max. 209.0 130.7
Min, 169.4 107.8
Duration 43 years 43 years

TABLE VII. COMPARISON OF THE COST ESTIMATES FOR RUSSIAN AND
US CONDITIONS (million US dollars in 1994 currency values)

Russian conditions us conditiqns Ratio
Upgrading of WWER-440 60.8 87.5 1.44
Completion of Kalinin-3 242.4 ‘ 560.9 232
Construction of NPPs 7921 1454.6 1.84
Decommissioning of WWER-440 130.7 640.4 4.90
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Tt should be pointed out that, after the completion of work to enhance the safety
of NPPs following the accidents at Three-Mile-Island-2 and at Chernobyl, the worst
possible consequence of these accidents for us and for future generations would be
a political decision to stop the utilization of nuclear energy. The potential, the tech-
nological capability and the feasibility of the realization of promises are much greater
for nuclear power than for other energy teéhnologies.

4. JOINT ELECTRIC POWER ALTERNATIVES STUDY (JEPAS)
4.1. Purpose and contents of the study

Following an agreement between the American Vice President Gore and the
Russian Prime Minister Chernomyrdin in late 1993, the Russian Federation and the
United States of America decided to undertake the Joint Electric Power Alternatives
Study (JEPAS). The goal of JEPAS was to provide a time phased investment
programme for the period 1995-2000 on the basis of an objective assessment of
Russia’s electric power production alternatives through the year 2010. The two
scenarios, the ‘optimistic’ scenario A and the ‘pessimistic’ scenario B, considered
in this study (Fig. 3) were based on two views of Russian economic performance and
electricity demand, set forth in the Russian Energy Strategy (Main Directions), and
on a set of assumptions regarding the pace and the degree of success of measures
for controlling inflation and reforming the economy. The financing requirements
were calculated from the total costs of investments, and the potential domestic and
foreign sources of finance were identified.

Scenario A

Scenario B

" 1 A 1ol 1

2005 2010

2000
Years

FIG. 3. Scenario A (‘optimistic’ scenario) and
scenario B (‘pessimistic’ scenario) considered in JEPAS.
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Five working groups of experts from Russia and the USA were formed in order
to develop the information needed to complete this evaluation: Working Group 1
prepared an evaluation of the economics of the range of demand side investment
options. Working Group 2 analysed the costs of modernizing existing fossil fuelled
thermal power plants and investing in new fossil fuelled power plants. Working
Group 3, which considered the Russian NPPs, worked separately and made indepen-
dent studies concerning the nuclear power economy. This group evaluated the eco-
nomics and the feasibility .of certain safety improvements of NPPs, assessed the
decommissioning requiremens for NPPs, evaluated the repowering of partially built
NPPs, assessed the completion of such NPPs, and evaluated the construction of new,
evolutionary NPPs. Working Group- 4 assessed the feasibility and the economics of
investment in transmission systems, power control and hydroelectricity. Working
Group 5 prepared economic and electricity demand scenarios, addressed financing
issues and integrated the results of the work in the other working groups.

'4.2. Forecasting models

To determine the investment requirements of JEPAS, two planning models
were applied which used the databases prepared by the working groups. The Russian
simulation model, which uses the experience gained in planning for the power sector,
based on heuristic knowledge and pre-feasibility studies, performs the following
tasks: development of capacity and power balances on regional bases; determination
of a preferred sequence of capacity buildup for various types of electric power
plants, including reconstruction of existing power plants and construction of new
plants; determination of the envnronmental 1mpact of electric power plants and deter-
mination of investment requirements.

The US optimization model employs a formal, dynamic, linear programming
cost minimization framework. The major features of this model are: accurate evalua-
tion of inter-temporal trade-offs, explicit modelhng of the trade-off between different
modes of development of electric power supply, simultaneous opUquatnon ‘of elec-
tric power supply and demand side technologies to'provide an integrated resource
plan, and simultaneous cost minimization of electric power supply and heat supply.

In spite of some differences in théir approach and criteria, the two models com-
plemented each other and allowed systems analysis studies to be carned out, includ-
ing a comparison of the economics of the different variants ‘and a]ternatlves for
power sector development.

One of the most difficult tasks in this study was the conversion, from Russian
local prices to world market prices, of the cost evaluations for the modernization of
Russian NPPs; two different methods of cost evaluation were used. In the first
method, the energy and economic database (EEDB), developed by US experts, was
utilized as the basis and format for development of the cost estimates required for
this study. The EEDB was selected for this purpose because of its unique capability
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to achieve consistency and comparability in a variety of cost estimates for dissimilar
scenarios. The EEDB cost data models are based on quantities (e.g. materials and
related installation hours), reflecting the specific design features of the US power
plant models described in the technical database. The EEDB technical data are based
on historical power plant designs; in addition, they are periodically checked against
actual field data to ensure compatibility with current technical practice and cost
experience in the USA. The direct costs are estimated in terms of quantities and
prices of commodities, equipment and installation labour that reflect the design
features of the power plant of interest. The EEDB method reflects the construction
practices, wages, equipment costs and commodity prices in the USA. Thus, it is
necessary to establish adjustment factors for converting the economic conditions
reflected in the EEDB to Russian economic conditions and construction practices.

The second method was based on the ratios of Russian prices to world prices
(1990) for specific kinds of product. Using the sectorial input-output model devel-
oped by the Central Economic-Mathematical Institute of the Russian Academy of
Sciences, aggregated ratios were developed for the basic components of construction
costs of power plants.

4.3. Conclusions and recommendations

The JEPAS analysis indicates the following ranking of priorities for the
period 1995-2000:

— Improvements in the efficiency of electricity end-use;

— Nuclear safety upgrades, particularly for first-generation nuclear power reac-
tors approved by the regulatory authority;

— Further development of the IPS through expansion and strengthening of inter-
regional and intra-regional transmission, particularly between regions having
a surplus of electricity and regions having a deficit of electricity, and moderni-
zation of control/dispatch centres;

— Modernization and rehabilitation of thermal power plants, using improved
technology, with consideration of life extension options;

— Completion of NPPs that are at advanced stages of construction;

— Construction of new gas fired plants of the simple cycle type and the combined
cycle type;

— Completion of detailed design for new-generation NPPs to enable their certifi-
cation by the regulatory authorities.

Full rehabilitation of thermal power plants scheduled for retirement will play
a significant role in meeting future power needs; however, the investment costs for
rehabilitation are significant. Extension of the plant life provides an opportunity to -
reduce the required investments for the period under consideration. Therefore, plant-
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level evaluations of rehabilitation and life extension options for thermal power plants
are recommended. : o

It was found in JEPAS that investments for safety upgrades of NPPs are com-
parable with investments in alternative power sources. It is considered to be eco-
nomic to continue operation of most of the existing NPPs after completion of the
* safety upgrades evaluated in this study and after approval by the nuclear regulatory
agency, Gosatomnadzor. Implementation of such safety upgrades may encourage
foreign investment in Russia’s nuclear power sector. In the initial study period,
investments in safety upgrades of existing NPPs were considered as a priority,
regardless of whether the increase in electricity demand is high or low.

Establishment of new nuclear capacity was found to be an economic supply
option in some regions. Completion and commissioning of Rostov-1 and Kalinin-3
were identified as priorities for investment.

The amount of electricity generated from natural gas is expected to rise signifi-
cantly under both scenarios because this type of electricity generation, using com-
bined cycle and simple cycle technologies, is economically competitive in many
regions of Russia.

The production of electric energy by NPPs will increase according to both
scenarios. A further decline in the consumption of coal is expected.
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Abstract

POLICY OPTIONS TO LIMIT CO, EMISSIONS FROM ELECTRICITY SUPPLY:
AN OECD PERSPECTIVE.

The paper gives an overview of policy measures that countries within the Organisation
for Economic Co-operation and Development (OECD) are pursuing in order to limit CO,
emissions in the electricity sector, concentrating on policies used to influence fuel options in
electricity production. The context in which these policies are intended to apply is changing
rapidly because of structural and regulatory reforms, technological advances in capacity and
fuel efficiency, increasing electricity demand and environmental pressures. OECD countries
exhibit a wide variation in fuel mix for electricity supply. This is reflected in the CO,
intensity of electricity production, which has declined in recent years to an average of
462 g CO,/kW -h in 1993 (but there are variations from 1 to 2005 g CO,/kW -h in different
OECD countries). The changes in fuel mix that have led to this decline are affected by politi-
cal, economic, environmental and employment factors as well as by consumer pressure. Elec-
tricity policies dttempt to simultaneously balance these often conflicting demands. In the case
of renewable energy, which almost all OECD Governments are promoting to a greater or
lesser extent, a wide range of policies have been put in place. One of the more common poli-
cies is a guaranteed market or price for a certain amount of renewable electricity, although
voluntary agreements between two or more interested parties are becoming more widespread.
However, it is difficult to evaluate the effectiveness of different policy mixes, many of which
were introduced only recently, because achieving a short term increase in renewable elec-
tricity via discrete and/or limited Government support may not be enough to lead to a durable
increase in this energy source. The effect of deregulation adds a further uncertainty.

* The views and opinions expressed in this paper are those of the authors and do not
reflect any official position of the International Energy Agency or of the Organisation for
Economic Co-operation and Development.
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1. INTRODUCTION

The framework affecting international energy policy, and especially elec-
tricity, is changing rapidly, for several reasons.

Consumption of electricity worldwide is projected to grow at a faster rate than
is consumption of any other fuel. Electricity demand in countries within the Organi-
sation for Economic Co-operation and Development (OECD) is set to grow at up to
2.1% p.a. until the year 2010 (1] — a much lower growth rate.than previous ones
in the 1960s and 1970s and the annual growth rates of 6% demonstrated by Asia,
but higher than the growth rates for coal, oil or natural gas. The importance of elec-
tricity in the energy use of OECD countries is projected to increase from its current
level of almost 18% to over 21% of the total by the year 2010. This general figure
masks sectoral dependence on electricity, which approached 30% for the residential
sector in 1993 and 43 % for the commercial/public energy demand in the same year.

The structure and regulation of the electricity industries throughout the
OECD countries is undergoing a period of rapid change, characterized by increasing
deregulation and the unbundling and privatization {current or planned) of many State
owned electricity companies [2]. Competition in electricity supply is therefore
becoming more widespread. Utilities are also increasingly diversifying their activi-
ties beyond traditional lines and are putting greater emphasis on the quality of
service provided.

Technological advances in electricity generation, such as increased effi-
ciency, size (for renewable electricity generation) or reliability, are leading to a
greater choice of plant types that can produce electricity at reasonable cost. This may
affect the choice of fuels used for electricity productlon and/or the means of elec-
tricity generation from those fuels.

Local, regional and global environmental issues also exert forces that shape
the policy context. Among the most prominent issue in OECD countries is the green-
house effect, as all OECD countries except Mexico have environmental commit-
ments relating to the emissions of greenhouse gases (GHG) under the United Nations
Framework Convention on Climate Change (FCCC). As a consequence, the majority
of OECD countries have initiated targets aimed at reducing, stabilizing or limiting
growth in CO, and/or other GHG emissions.

Electricity supply is an important source of CO, emissions, accounting for
33% of the total OECD energy related CO, emissions in 1993. The total emissions
from this sector are expected to grow as electricity demand increases. Fortunately,
there are several actions that can reduce CO, emissions from electricity genera-
tion.! These can be divided into two groups: domestic and international. Domestic

! Increased cogeneration and/or replacing the direct use of fuels by highly efficient
electrotechnologies could reduce emissions from the energy sector although it would raise
emissions from the electricity sector. These possibilities will not be examined further here.
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actions include promoting more efficient electricity production (e.g. upgrading
simple cycle to combined cycle gas turbines); more efficient end-use technologies;
electricity conservation or a change in the fuel mix used for electricity generation.
This paper emphasizes domestic policy measures that OECD countries can pursue
in order to limit CO, emissions in the electricity sector, and concentrates on policies
that can or have been used to influence changes in the fuel mix used in electricity
production.

International actions include increasing electricity imports and, potentially,
‘actions implemented jointly’ (Al — formerly known as joint implementation)?.
Since many OECD countries have set up GHG commitments at the national level,
i.e. relating to emissions on national territory, increased electricity imports could
also be used as a tool for reduction of domestic emissions (if electricity imports were
to replace fossil fired electricity generation). However, this would not necessarily
result in reduction of global emissions.

The concept of ALJ was set out in the FCCC and involves countries undertaking
emission reduction projects in other countries in exchange for credits that could be
offset against domestic emissions. This is not yet a widespread possibility* because
All is currently in a pilot phase. However, some OECD countries — notably the
United States of America, the Netherlands and the Scandinavian countries — are
showing great interest in AlJ, not only as a potential means of satisfying emission
reduction criteria but also as a way of exporting domestic environmentally friendly
technologies to growing markets.

. 2. INFLUENCING THE FUEL MIX

Changes in the fuel mix for electricity supply will depend on the energy and
electricity policy context, as well as the availability of alternative energy sources and
the development of the necessary infrastructure. The current variation in fuel mix
among OECD countries could hardly be wider: Norway, for example, currently
generates 99% of its electricity from renewables; Denmark uses coal for 87 % of its
electricity (the United Kingdom, the USA, Australia and Germany also rely on coal
for the majority of their electricity generation), France relies on nuclear power for
over three quarters of its electricity supply, while oil is used for generating the
majority of electricity in Italy. Table I illustrates these variations via the differing
CO, intensity of electricity production.

Table I shows the CO, emissions from selected plant types, together with
their expected cost of electricity generation in the year 2000. This table shows that

2 Those interested in ALJ are directed to another body of work under way at the IEA.
* To date, only the USA has put an emission crediting scheme in place.



TABLE 1. CHANGES IN THE RELATIVE IMPORTANCE OF FUELS IN OECD COUNTRIES, 1993-2000 (3, 4]

Electricity -

Solar, ‘tide,

Combustible

intensity® Coal oil Gas Geothermal wind, etc. renewables Hydro

Australia 806 T 4 4 - —_ — ¥
Austria 194 T 4 T — — t*r 1
Belgium 325 4 4 T —_ = = T
Canada 176 1 T T - ! ™~ i
Denmark 836 ¢ 4 (Ol - T+ T -
Finland 287 t T T - —_ T 1
France 58 1T ™ ™ — — i t
Germany 640 t | T — e T T
Greece 932 1 i ™ — T - T
Iceland , 1 - - - T — — ¥
Ireland 746 | T 1 - ™ — t
Italy 518 R ! T l M 0 t
Japan 376 t { T 4 1t T 4
Luxembourg 2005 - - ™ - -_ - 1
‘Mexico 513 Not available

Netherlands 585 4 —_ 1 - e "™ "
New Zealand 116 - — T 3 - — =
Norway 2 | - — _ — —_ -
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TABLE I (cont.)

Portugal 552 L 4 — — - 1 1
Spain 417 1 1 ™ | - - ™~
Sweden 46 ¥ ™ ™~ T — ™ ™~
Switzerland 9 T 4 4 - - T .
Turkey 522 T 4 T - t ' — -
UK 551 ! T e 4 — *~f ™~
USA 570 1 1 * 1 T N0 T

P1/8EC-NS-VAVE

Grams CO, per kilowatt-hour. v o

1 = growing electricity generation, but not as fast as the overall (total) electricity generation from all sources (} = somewhat lower).
f = electricity generation projected to grow faster than the overall rate of electricity generation (J = lower).

%= much faster growth, 44 = much lower growth.

= and ~ = approximately stable; — = fuel is not used for electricity generation.

L6



98 ELLIS and PEAKE

TABLE II. PROJECTED COSTS OF AND CO, EMISSIONS FROM
SELECTED ELECTRICITY GENERATING SOURCES [5]

Net efficiency Cost in the year 2000 CO, emissions®

(%) (US ¢/kW-h) (g/kW -h)

Pulverized coal 36-43 4.0-6.5 795-950
Atmospheric fluidized

bed combustion 36-43 4.8-53 795-950
Pressurized fluidized

bed combustion 40-45 4.9-5.1 760-850
Integrated gasification '

coal combustion 44-49 4.9-5.1 700-775
Combined cycle

gas turbine 50-61 3.7-13 330-405
Light water reactor — 56-74 0
Large hydro — 3.8-8.7 0
Centralized photovoltaic system — 11.3-62.8 0
Geothermal - 24-49 0
Wind — » 4.4-7.6 0
Large biomass — 7.5-7.8 U

Emissions from generation only (life cycle emissions not included).

a trade-off will still often be required in 2000 between low cost and low CO, emit-
ting electricity generating technologies, despite the projected fall in the cost of
renewable electricity. Recent moves towards less carbon intensive fuels are
presented in Table III, which clearly shows the increasing proportion of non-carbon
fuels and the decreasing CO, intensity of OECD electricity supply since 1985. The
importance of non-carbon fuels is projected, however, to drop slightly until the year
2000, as growth in electricity production from nuclear and hydro sources will be out-
paced by total electricity growth (Table I), with the largest growth rates for most
OECD countries being for electricity generation from solar and wind energy (which
at present generate the smallest quantity of electricity), followed by natural gas*.

* Coal is also shown as growing rapidly in six countries. However, three of these
countries use a small amount of coal for shoulder purposes only, with Switzerland continuing
to use coal as a reserve.
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TABLE 1II. FUEL MIX IN OECD ELECTRICITY GENERATION (%)
IN 1985, 1990, 1993 AND 2000 [3, 4]

1985 1990 1993 2000

Coal 41.5 40.21 39.20 3741
Combustible renewables ' 0.2 1.19 140 2.03*
0Oil 9.0 8.72 6.9 6.21
Gas 9.7 10.41 11.54  15.28
Nuclear " 20.1 23.03  24.17 22.38
Hydro 19.1 16.03 16.36  15.35
Geothermal 0.3 0.33 0.34 0.33
Solar, wind, tide 0.01 0.07 0.09 1.01
Total non-carbon fuels 39.7 40.65 42,36  41.1
Total 100 100 100 100

Total CO, from electricity generation (Mt CO,) 3080 3391 3517 -
CO, intensity (g CO,/kW -h) 506 471 462 —

Note: Mexico excluded. Totals may not add because of rounding.

a

Peat is included in coal for historical data and in combustible renewables for forecast.

Possibilities of GHG emission reductions in electricity supply as well as the
GHG commitments of Parties to the FCCC have led some of them to reduce the
carbon intensity of electricity generation, i.e. by increasing the importance of
nuclear power, natural gas or renewables. The policies in place to reach these objec-
tives are diverse and are reflected in the programmes undertaken by IEA member
countries.

3.  GOALS FOR THE DOMESTIC ELECTRICITY POLICY

The fuel mix used in electricity generation will be affected by energy related
and non-energy related factors, including economic factors, employment issues, con-
sumer pressure and environmental concerns. The relative importance of these factors
may change with a change in the structure, regulation and ownership of the domestic
electricity supply industry (Fig. 1). ‘
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FIG. 1. Factors influencing the electricity policy.

The importance accorded to each factor by Governments will differ from
country to country and will alter over time. A country with a large domestic mining
industry and large reserves of coal may wish to include this fuel as an important
source for electricity generation, even if it is more expensive and more CQO, inten-
sive than alternatives, in order to keep a certain level of employment in mining
industries. Governments may therefore accept and/or subsidize a higher domestic
electricity price in order to maintain tax receipts or to reduce social security pay-
ments (e.g. for unemployment). However, a trade-off has also to be made between
supporting expensive indigenous fuels and/or clean fuels and maintaining inter-
national competitiveness.

The interest of private electricity generating companies in achieving a high rate
of return may, for example, reduce their willingness to invest in pollution abatement
technologies or generating technologies with a high capital cost. Changing the
pattern of private/public ownership of the electricity industry may therefore alter the
fuel and/or technology choices made and, through that, the environmental perfor-
mance of the sector. Public opinion may also influence the fuel mix via political
pressure to initiate or discontinue certain programmes.

Consumers are generally interested in obtaining a cheap, clean and reliable
electricity supply. So far, consumers faced with a monopoly domestic producer
have had little opportunity to exercise a choice of electricity suppliers. However,
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increased competition in electricity supply (from domestic producers, the electricity
trade and perhaps eventually widespread retail wheeling/third party access) arising
from changes in the structure and regulation of the electricity supply industry in
OECD countries could enable consumers to choose an electricity supplier. This has
led to some concern amongst environmental groups in some countries that the
widespread advent of retail wheeling could lead to power generation being concen-
trated in large, cheap (and generally fossil firéd) units, which would be against
domestic commitments relating to CO, emissions. Some generators are also con-
cerned that retail wheeling might lead to ‘stranded’ investment costs (although
restructuring proposals made to date have favoured recovery of stranded costs).
Conversely, some consumers may be prepared to pay a premium for ‘green
electricity’ if given adequate information — a possibility that is being actively
explored in a pilot programme in the Netherlands and embodied in the restructuring
proposal of the Californian power sector.

Environmental issues and commitments such as those relating to future levels
of GHG emissions are another factor that may need to be taken into account when
trying to influence fuel choice decisions. This is in turn influenced by the nature of
commitments: binding legislation, regulations with disincentives for non-compliance
and negotiated agreements are more likely to be upheld than non-binding targets
(although ‘free rider’ problems may arise if negotiated agreements do not encompass
all actors in, for example, electricity supply). This was seen when a number of IEA
countries failed to meet highly ambitious but non-binding targets for the introduction
of different renewable energy sources.

3.1. Policy context

In 1993, the 23 IEA countries’ adopted a set of Shared Goals that ‘... seek
to create the conditions in which the energy sectors: of their economies can make the
fullest possible contribution to sustainable economic development and the well-being
of their people and of the environment’’. More specifically, these goals include the
desire for diverse and secure energy supplies; environmentally sustainable provision
of energy; encouragement of the use of environmentally acceptable energy sources;
continued research, development and deployment of new and improved energy tech-
nologies; and undistorted energy prices. This section examines the trade-offs that
Governments make in order to balance economic, environmental and energy
objectives.

3 Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece,
Ireland, Italy, Japan, Luxembourg, Netherlands, New Zealand, Norway, Portugal, Spain,
Sweden, Switzerland, Turkey, UK and USA. ’
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In OECD countries there is currently a move towards electricity market
liberalization and deregulation; although some OECD countries such as France,
Greece and Ireland still have State owned vertically integrated electricity companies,
other OECD countries have deregulated, unbundled or privatized their electricity
industry and more countries are indicating that they will follow a similar route.
Deregulation and privatization are leading to increased competition in electricity
supply, and internationalization of the electricity supply industry is also becoming
more important, either via electricity trade or via non-local ownership of electricity
generators.

Many IEA Governments therefore have less direct influence on the electricity
supply industry now than a decade ago. Nevertheless, they still try to simultaneously
balance the often contradictory goals in electricity supply (as shown in Fig. 1),
namely:

— Use of higher cost (or dirtier) domestic fuels or of lower cost (or cleaner)
imported fuels; ‘ '

— Higher short term cost of electricity supply from renewable energy sources
versus their long term sustainability potential; ‘

~— Non-CO, aspects of nuclear power versus public perception of nuclear power
as unsafe; ‘

— Balancing profits of electricity companies with electricity conservation and
efficiency and various forms of negative externalities.

3.2, Policy options

Policy options that Governments could use to influence the fuel mix in a coun-
try range from ‘command and control’, such as fuel use requirements, economic
instruments and emission limits or standards, to more consensus building/persuasive
instruments, sach as voluntary agreements, incentives and R&D. Major actions
taken to date have included:

- Looseniﬁg the restriction on natural gas use for power generation in countries
within the European Union and in the USA; this, when combined with increas-
ing competition, has led to the increase in natural gas use;

— A political decision by some countries to discontinue nuclear power
programmes; '

— Deregulating and unbundling the electricity supply industry.

In the majority of OECD countries, policies have also been put in place to pro-
mote rencwable energy. These policies merit further examination, since, although
non-hydro renewables are projected to be the fastest growing source of electricity
generation, they also account for the smallest proportion of electricity production to
date (and their proportion will remain small even if these policy objectives are
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achieved — see Table I). Most countries cite environmental objectives (i.e. GHG
commitments or local air pollution issues) as a reason for wishing to promote
renewables, although fuel diversity/energy security is an important stated criterion
for Italy, Japan, New Zealand, Spain, Turkey and the UK.

The policy measures in OECD countries to encourage renewable electricity
include taxes, grants; capital or output subsidies, guaranteed markets, voluntary
approaches, R&D and renewable energy targets. These are listed for selected OECD
countries in Table IV.

Policies to promote non-hydro renewables were typically introduced at the
beginning of the decade and have had some success to date, with a sharp rise in elec-
tricity generated from combustible renewables and a small rise in solar and wind
electricity. The mix of policies in place in each country generally includes both
‘command and control’ type instruments and consensus building/persuasive pro-
grammes. However, both sets of policies are often in direct contradiction to stated
national or international aims (such as the shared goals mentioned above).

For example, Government intervention that guarantees a market for a certain
amount of higher priced renewable electricity, as in the UK’s Renewable Order
under the non-fossil fuel obligation (NFFO), distorts the electricity market and as
such is opposed to the general policy direction of increasing the importance of market
forces in that country. However, the NFFO was designed to run for a limited time
period only and aims at reducing the environmental effect of electricity in the longer
term by encouraging commercialization of certain renewable energy sources. It is
paid for via a levy on consumer bills. Similar schemes are in place in other countries,
such as Canada and Ireland, although, in all three countries, only limited increases
in renewable electricity capacity are encouraged. Preferential power purchases may
even be ruled unconstitutional in some OECD countries.

The unilateral introduction of carbon taxes (although favouring non-carbon
energy) could reduce the competitiveness of the domestic industry and/or reduce
domestic demand for indigenous fuels. This would adversely affect economic
growth, employment and energy security and is the reason why so few countries have
introduced such taxes (and have often granted exemptions or reductions to large
users when such a tax is in place).

Negotiated policies such as voluntary agreements may reduce the ‘pull’ on
electricity policy in any one of the four directions shown in Fig. 1, since such
policies represent a negotiated position between two or more interested groups and
as such are likely to represent a certain degree of compromise. Voluntary agreements
are an example of such an approach that is being introduced in OECD countries.
Voluntary agreements in nine OECD countries include measures to increase elec-
tricity generation from renewable sources®. The procedure followed in setting up

¢ Voluntary agreements have been introduced by Austria, Norway and Switzerland in
addition to the countries shown in Table III.



TABLE IV. POLICY MEASURES TO PROMOTE RENEWABLE ENERGY IN SELECTED OECD COUNTRIES

Information,

Financial
incentives for

Regulatory

Electricity supply industry

education and R . Voluntary Output/ Favourable
. investment in measures and N .
exhortation agreements capacity targets or guaranteed
2 renewable standards®
programmes b or quotas market
technology
Australia v 1 » 2, 3 (ethanol) v
. (voluntary)
Belgium » | (region) v 1,2,3, 4 + 4 (building codes)
Canada ~ 1,3 » (mapping) -
Denmark v 1,3 + (survey v - v
requirement)
Finland P » 1,3 ~
France 1,4 » 2 (overseas Waste regulations v -
territories}, 3
Germany ~ 4 v 1 + (building codes) v
Greece - » (bilateral)
Ircland » 4 (buy-back rates) » Partnership » Capacity »
Government
programme
Italy v 1,4 % v »
Japan v 2,3 1,2 » (reducing v + purchasing
menu

planning barriers;
guidelines for
grid-connected
systems)
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Netherlands ‘ v 3 . w13
New Zealand » (advice to - 3
: planners) .
Spain : » 4 (3rd party)
Sweden ' - o v 1,3 . -1
Turkey } ‘
UK ‘ v v 1 » (Waste disposal
standards)
usa v » 1,3 v

Source: Ref. [4].

2 Information, education and exhortation programmes:
1 - Publications, advertising campaigns;
2 - Courses for industry;
3 - Education programmes in schools and workplaces;
4 - Renewable energy advice centres;
5 - Others.

Financial incentives:

1 — Grants and subsidies involving' direct transfers;

2 — Credit instruments (interest rate loans, soft loans, loan guarantees);
3 — Tax exemptions (tax reliefs, credits, deferrals);

4 — Others.

¢ Regulatory measures and standards:
1 - Planning/siting legislation;
2 - Environmental impact assessment;
3 - Compulsory legislation for utility compliance, €.g. purchase price guarantees;
4 - Others (building codes).
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voluntary agreements and their degree of ‘voluntarity’ varies by country. For
example, in some countries and sectors voluntary agreements allow self-setting and
monitoring of targets, while in other countries such agreements are more formal,
negotiated ‘voluntary agreements’ that are binding when they are signed. The US
Climate Challenge Programme is an example of a voluntary approach between the
Department of Energy and a utility (as no utility has to join), whereas the Dutch A
MAP II agreement with the electricity distribution companies, whereby they under-
take to produce 3% of electricity from renewable sources, is an example of a
voluntary agreement.

4. CONCLUSIONS

OECD countries can progress towards their GHG commitments in many ways,
including increased end-use efficiency, energy conservation, cogeneration, elec-
tricity trade, promoting more efficient electricity production and, potentially, AlJ.
Another option is to decrease the carbon intensity of electricity generation via a
switch to less carbon intensive fuels:

The CO, intensity of electricity generation has been decreasing steadily
because of the increased importance of nuclear power and gas fired electricity, as
well as the technological improvements in fossil fuel electricity generation, although
reducing GHG emissions was not the driving force behind the policies that led to
these trends. The shift to combined cycle gas turbines in some deregulated markets
will in any case reduce the CO, intensity of electricity to a certain extent. The cur-
rent GHG commitments of OECD countries have acted as an impetus for many coun-
tries to introduce policies that would further reduce the carbon intensity of electricity
generation. These policies often concern the promotion of renewable electricity
(since other factors may constrain nuclear power expansion and the economics of gas
fired generation ensures it needs little promotion).

Policies vary by country, but they aim at balancing conflicting demands of
different groups, taking into account the fact that large or sudden changes in the fuel
mix often meet resistance because of increased or decreased pressure from groups
regarding economic or employment issues, environmental emissions and/or safety,
and perceived effects on international competitiveness and/or energy security.

The overall shape of policies is determined by increasing electricity demand,
the changing structure of the electricity supply industry, technological innovations
and the declining Government intervention in electricity supply (with greater compe-
tition leading to a downward pressure on costs).

Policies recently put in place include instruments such as a guaranteed market
or a guaranteed minimum price for renewable electricity, voluntary agreements
between two or more interested parties, as well as investment incentives, regulatory
measures, information programmes and R&D. The importance of renewable elec-
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tricity has risen slightly since these programmes were put in place and is projected
to continue doing so. However, it is difficult to evaluate the effectiveness of different
policy mixes, many of which were introduced recently, because achieving a short
term increase in renewable electricity via discrete or limited Government support
may not be enough to lead to a durable increase in this energy source. Deregulation
adds a further uncertainty.
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IN POWER DEVELOPMENT
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indigenous people in decision making
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Abstract

THE PROCESS OF BUILDING CONSENSUS IN POWER DEVELOPMENT: A
METHODOLOGY FOR THE INVOLVEMENT OF INDIGENOUS PEOPLE IN
DECISION MAKING.

The paper is a contribution to the advancement of methodologies for comparative
assessment; it outlines the procedures for participation and decision making developed by the
Inuit of Nunavik, Canada, with respect to the Grande-Baleine hydroelectric project. The key
issue of indigenous involvement in decision making processes related to energy production is
dealt with by examining the methodology developed in connection with a hydroelectric
project. While this type of project has its own specific issues, which are related to the use of
the land, and the social, environmental and economic impacts, the methodology developed
could be adapted to any energy production project. The paper gives the World Bank definition
of ‘consultation’ and shows that the Inuit attempted to apply this concept to the present situa-
tion and even to enlarge its scope. The Inuit and their region are described first; then the
Grande-Baleine environmental assessment process as well as the negotiations of the Inuit with
Hydro-Québec are summarized; finally, the decision making flow which led to a final
consensus is delineated. ’

1. INTRODUCTION

This paper is a contribution to the advancement of methodologies for compara-
tive assessment; it outlines the procedure for participation and decision making
developed by the Inuit of Nunavik (Canada) regarding the Grande-Baleine hydro-
electric project. The Grande-Baleine environmental assessment process is summa-
rized first; it evolved as a result of agreements between the two levels of jurisdiction
(federal/provincial) and the indigenous groups involved, the Cree Indians and the
Inuit. Then, through an analysis of the Inuit involvement in this process, the decision
making flow that led to a final consensus on the Grande-Baleine project is delineated.
Finally, a preliminary assessment of the methodology developed is given.

Environmental assessment and decision making among the Inuit are two inter-
related and complementary aspects which can hardly be dissociated. In order to fully
understand both, however, we need to consider each of them separately, always
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keeping in mind interactions and feedback effects. Also, one must not forget that the
Quebec Government has final authority as regards implementing the Grande-Baleine
project or putting it on hold, as will be seen. When the project was launched, the
Inuit participated in the environmental assessment, including justification and design
of the project, as well as its social and environmental impacts.

This involvement in the environmental assessment is part and parcel of what
is usually termed ‘public consultation’. In a participatory democracy, consultation
of the populations most affected by a development project is now common practice.
The term ‘consultation’ can be defined in many ways; we have chosen the definition
used by the World Bank, as it emphasizes the influence people can exercise on
decision making. This definition reads as follows:

‘‘A process by which people — especially disadvantaged people — can

exercise influence over policy formulation, design alternatives, investment

choices, management, and monitoring of development intervention in their

communities.”” (Ref. [1], p. 2).

We have attempted to apply this definition to the given situation and even to
enlarge its scope. Indeed, the Inuit were not only involved in the public decision
making process through the environmental assessment procedures — which were
open to all — but they were also able to negotiate with Hydro-Québec a separate
agreement encompassing every aspect of the project, including project justification
and description, social and environmental impacts, mitigative measures, environ-
mental follow-up and financial compensation.

It is appropriate here to give some background information about the Inuit and
the Grande-Baleine project from 1971 onwards.

2. THE INUIT

Nunavik (Fig. 1) — the Arctic region of Quebec lying north of the 55th parallel
— is inhabited by an almost exclusively Inuit population of some 7000. The Inuit live
in 14 communities of between 120 and 1500 people.

With a land area in excess of 480 000 km?, Nunavik is an immense territory
where there are no roads, the communities being linked with each other and with
Southern Quebec only through one regional airline. Starting in the 1950s, the process
of transition from a nomadic to a settled way of life led to large changes within the
Inuit society, bringing about a transition from a subsistence economy, centred on
hunting, fishing and trapping, to a mixed economy, with wage earning playing an
increasing role. New, foreign values were superimposed on nature oriented
traditional values.

The Inuit now must face tremendous challenges, with few alternatives. Given
this context of a rapid, externally driven change, the implementation of a hydro-
electric megaproject raises fundamental questions and widely shared concerns.
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FIG. 1. Nunavik and the James Bay territory.




TABLE I. SEQUENCE OF EVENTS

General background

1971: Announcement of the James Bay project

1975: James Bay and Northern Quebec Agreement
1976-1982: Grande-Baleine project

1988-1994: Resumption of the Grande-Baleine project

Environmental assessment

1989: Splitting-up of the Grande-Baleine project’s assessment

Jan. 1992: Memorandum of Understanding for a single
environmental assessment process

Jan.-March 1992: Public hearings

April 1992: Draft Guidelines on the Environmental Impact
Study (EIS)

Sep. 1992: Final Guidelines
Aug. 1993: EIS by Hydro-Québec
1993-1994: EIS analysis regarding confomity with Guidelines

Sep‘—Aug.' 1993: Comments from stakeholders

Nov. 1993: Joint report on EIS conformity and quality

Inuit involvement
Legal action by Makivik

Inuit participation

Submissions by members of the
communities and Makivik

Comments from Makivik in
June 1992

Submission of Makivik’s
comments in July 1993

Negotiations
September 1990

Memorandum of Understanding
signed in February 1991

14 April 1994: Conclusion
of Agreement-in-Principle

(41!
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3.  HISTORICAL BACKGROUND
3.1." The James Bay project

In 1971 the Government of Quebec decided to proceed with the James Bay
hydroelectric project (Table I). ‘At that time, there was neither public consultation
nor environmental assessment, let alone negotiations. The population learned
through the media that a megaproject was soon to be launched. In November 1972
the Indians of Quebec Association lodged a protest with the provincial Government,
claiming aboriginal title to the land. The Crees and the Inuit, the two indigenous
groups directly affected, filed an injunction request, asking the Court that all work
be stopped, pending settlement of their land claims. In 1973 such a Court order was
obtained, but after one week it was overturned by the provincial Court of Appeals.

Although the indigenous groups lost the judicial battle, they won a political
victory, for the Government of Quebec agreed to undertake negotiations, which
eventually (in 1975) led to the signing of a land claims settlement — the James Bay
and Northern Quebec Agreement (JBNQA).

The JBNQA was a treaty within the terms of the Constitution of Canada, estab-
lishing an economic, political and legal framework for the James Bay and Nunavik
territories. Under the JBNQA, the Crees and.the Inuit were given financial compen-
sation; moreover, far reaching rights were given to them and a variety of political
and economic structures were set up, all of which were to be managed by and on
behalf of the indigenous people.

Among the rights recognized, the JBNQA provided for an assessment of
environmental and social impacts in the event of any development project on the
territories covered. It also contained provisions enabling the Inuit, the Crees and
Hydro-Québec to conclude agreements on mitigative measures in relation to future
development projects. ‘

Finally, in connection with the JBNQA, the Makivik Corporation was
founded,; it is responsible for promoting and protecting the rights and interests of its
sole members and beneficiaries, the Inuit of Nunavik.

3.2. The Grande-Baleine project

As a follow-up to the James Bay project, Hydro-Québec undertook feasibility
studies on the 3000 MW Grande-Baleine hydroelectric project. Two separate periods
must be considered: from 1976 to 1982 and from 1988 to 1994, '

In 1976, Hydro-Québec set up a Task Force that was responsible for circu-
lating information to the Crees and the Inuit of Kuujjuarapik. Since this Task Force
was not very efficient, the Grand Council of the Crees (of Quebec) recommended
three years later that Hydro-Québec create a co-ordinating table for the purpose of
reviewing all hydroelectric development projects with potential impacts on the Cree
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population. The Inuit followed suit in 1980, with respect to all future projects north
of the 55th parallel. The Grande-Baleine project was of course part of the agenda.
Discussions touched upon access strategies, road corridors, options for port facili-
ties, airport locations and mitigative measures.

In 1982 the Grande-Baleine project was postponed. Research work, consulta-
tions and discussions were stopped, and thus the committees and co-ordinating tables
lost all purpose.

Hydro-Québec revived the Grande-Baleine initiative in 1988. From that date
onwards, events quickened, and we now come to the heart of the matter: first the
environmental assessment structures set up by Governments and the role given to the
Inuit therein; second the negotiation process; and third the flow of decision making
among the Inuit.

4. ENVIRONMENTAL ASSESSMENT STRUCTURES

From the outset, Hydro-Québec submitted a tight schedule and proposed that
the project be split up with a view to fast-tracking the environmental assessment
process; work on roads and on the infrastructure would be assessed first, so that
Hydro-Québec could go ahead with road construction while proceeding with the
second-phase assessment of dams and dykes.

This proposal caused much controversy; this was the time when the Crees and
the Inuit became involved in the decision making process with respect to environ-
mental assessment.

The Crees took legal action before the provincial Supreme Court, seeking to
nullify the splitting up of the project in order to enable environmental assessment.
The Makivik Corporation followed suit, becoming party to the proceedings. The
dispute was soon settled out of court, and Hydro-Québec announced that it would
not split up the project. The question as to how the project as a whole would be
assessed remained unclear.

Five committees, each with its own mandate and jurisdiction, were responsible
for evaluating the project — a complex system that could have developed into a
bureaucratic nightmare if no proper solutions were found. Moreover, the stake-
holders had to have the financial means to participate meaningfully in such an evalua-
tion process. The main parties — the Crees, the Inuit, Hydro-Québec and the two
Governments — signed in January 1992 a Memorandum of Understanding, which
included the following main provisions:

(1) The five committees would co-ordinate their actions so as to undertake a single
environmental assessment process.

(2) The make-up of the committees would be better balanced and their members
reduced from 27 (including 17 Government representatives) to 21, including
ten representatives from the indigenous groups.
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3 A fund of Can $2 million (US $1 685 600) would be put at the stakeholders’
disposal by the two Governments, with the Inuit share amounting to
Can $666 666 (US $561 866).

(4) Hydro-Québec agreed to add Can $1.5 million (US $1 264 200) for the Inuit
and to create a joint technical information exchange group with respect to
project justification, with members from Hydro-Québec, - the Inuit and
the Crees. '

The first task of the review committees was to draft guidelines for Hydro-
Québec to be followed in its environmental impact study (EIS). Between January and
March 1992, public hearings on the contents of the guidelines were held by these
committees in the affected Inuit and Cree communities, as well as in Montreal,
affording each stakeholder an opportunity to submit recommendations.

In every community, concerns, misgivings and fears were voiced in an impres-
sive turnout. In March 1992 the Makivik Corporation submitted 87 recommenda-
tions on the contents of the guidelines. In April 1992 the review committees released
Draft Guidelines, and Makivik commented on them two months later. Final Guide-
lines were issued to Hydro-Québec in September 1992.

Almost a year later, on 31 August 1993, Hydro-Québec filed its Feasibility
Study, including the EIS; a summary in both Inutitut and Cree followed in February
1994 and an audiovisual presentation was made two months later. Finally, during an
additional round of public consultations regarding the report on conformity with the
EIS, Makivik submitted its own Report on Conformity Analysis in July 1994. After-
wards, the review committees released their Joint Report on the Conformity and
Quality of the Environmental Impact Statement for the Proposed Great Whale River
Hydroelectric Project, in November 1994.

5. NEGOTIATIONS

Parallel to the environmental assessment process, the Inuit and Hydro-Québec
initiated a negotiation process in 1990.

Although this negotiation process related to the same matters, it created an
altogether different dypamics: it provided direct access to higher authorities at
Hydro-Québec; it opened up an alternative channel for the Inuit to identify, together
with Hydro-Québec, the effective scope of project impacts and mitigation or minimi-
zation of potential impacts; and it allowed the Inuit to determine whether Hydro-
Québec was ready to share the benefits flowing from the project, in a fair and
equitable manner, with the Inuit from the communities that were most impacted by
the project and with the Nunavik population as a whole. By entering into negotiations
in a formal setting, both parties eschewed confrontational tactics, facilitating the
exchange of data and views about project design and scheduling, social and environ-
mental impacts, mitigative measures and financial compensation.
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Negotiations process

2 Makivik
delegates

Legal
consulting
firm

3 full-time Inuit
representatives

Environmental assessment

1 Makivik
delegate

Legal
consulting
firm

Environmental
consulting firm

21 expert
consultants

3 full-time Inuit

representatives
+

4 delegates from

each community
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The negotiation process allowed the Inuit to scrutinize Hydro-Québec’s plans
and to recommend changes. For instance, the preferred scenarios of Hydro-Québec
included diverting a major river (Fig. 2), but this scenario was abandoned, mostly
because of Inuit opposition as expressed during frank and open talks. Finally, in
April 1994, both parties signed an Agreement-in-Principle, in which they undertook
to negotiate and to agree upon the terms of a Final Agreement regarding employ-
ment, training, mitigative measures, financial compensations and other related
issues.

For the purpose of this paper, the above considerations adequately outline the
Inuit involvement in and influence on the parallel environmental assessment and
negotiation processes. Now we turn to the specific methodology implemented among
the Inuit, as seen from an inside perspective, that enabled such involvement and
interaction.

6. DECISION MAKING AMONG THE INUIT

Prior to the implementation of the processes of environmental assessment and
negotiations, Hydro-Québec and the Inuit had already agreed, early in 1989, to
create a working group including four Inuit representatives for the purpose of
circulating information among the Inuit population and acquiring feedback from it.
The Inuit perceived this working group as affording an opportunity to update their
knowledge and to ensure that the people would be properly informed.

When negotiations between Hydro-Québec and the Inuit formally began in
1990, this working group was made part of the team designated for dealing with the
proponent and participating in the environmental assessment process, in consultation
with the people from the directly affected communities and the Nunavik population
in general. This team was made up of lawyers, an array of consultants, three Makivik
representatives, as well as six full-time and 12 part-time representatives from the
three most directly impacted communities (see Fig. 3).

In conjunction with the other members of the team, the Inuit representatives
undertook: (1) to make presentations at public hearings held in the communities;
(2) to respond to the consultation document distributed by Hydro-Québec in each
community; and (3) to submit the EIS to the appropriate level of scrutiny required
in the context of the environmental and negotiation processes.

Also, as mentioned earlier, Makivik tabled a 200 page report in which the EIS
was analysed regarding its conformity with the Guidelines. Preparation of this docu-
ment required contributions by some 20 experts and the involvement of the 18 Inuit
members; comments and recommendations from technical consultants were incorpo-
rated in the input from the Inuit task groups. The resulting draft report was reviewed
several times and the final document was tabled with the evaluating committees.



IAEA-SM-338/17 ' 119

As consultations and discussions were taking place, representatives from the
Inuit communities were apprising people of the developments and recording any
feedback, primarily through community radio stations, which soon became the
medium of choice for reaching the members of the community. As a matter of fact,
all Inuit were listening in at certain times during the day and thus were able to phone
in their comments directly. Through this procedure the community representatives
were able to bring back to the team the public consensus as it was built up.

This inflow of ideas was not limited to the three most affected communities,
since the Makivik Corporation kept the general Nunavik population abreast of
ongoing negotiations and the progress made in the environmental assessment
process. Finally, in February 1994, at a meeting held in Montreal, more than
70 representatives from all Nunavik communities ratified the previously mentioned
Kuujjuarapik Agreement-in-Principle that was the result of months of negotiations.

Thus a consensus was achieved through the iterative process; the affected
communities as well as the general Nunavik population were an integral part of the
decision making process.

7. CONCLUSIONS

In the context of the parallel direct negotiations and concurrent environmental
assessment processes, the Grande-Baleine project was reviewed, discussed, analysed
and changed. In drafting the Guidelines, the review committees bore in mind the
wishes and concerns voiced by the most affected people. The Inuit participation in
these decision making processes was based on an interactive dialogue between the
Makivik Corporation and the members of the communities.

Step by step, a consensus emerged, as each and every project component was
scrutinized. The Agreement-in-Principle was signed only after a time consuming
discussion that involved representatives from every part of Nunavik.

The principles embodied in the World Bank policy on public consultation and
participation [2] were more than strictly adhered to, as the Inuit were not only
involved in the environmental assessment process but were also able to enter into
negotiations with the proponent of the project.

The methodology developed was not subjected to scientific analysis or valida-
tion. Nevertheless, the expected results were achieved in terms of consultation and
participation. Moreover, the community members gained a measure of confidence
in and control over the events which they would not have had otherwise — they felt
clearly that they were active players, not merely passive spectators.

Yet, some concerns remain unaddressed. Although the Premier of Quebec in
November 1994 postponed the Grande-Baleine project indefinitely, the mobilization
of the population within the communities of Nunavik will not be forgotten soon. One
can hardly expect that these communities will emerge unscathed from the experience
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they went through and that these events will have no social impact. The people in
these communities are trying right now to identify and explain the disquiet they feel
deeply. Because of this, Hydro-Québec was requested to investigate the social
impacts from the project that was never realized.
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Abstract

ISSUES OF DATA COLLECTION AND USE FOR QUANTIFYING THE IMPACTS OF
ENERGY INSTALLATIONS AND SYSTEMS.

The paper discusses several critical issues in the construction of models for assessing
the impacts of energy installations and systems. Some of these are connected with the process
of data collection and use; it is pointed out that different methods have to be applied according
to the purpose envisaged for a particular study (e.g. plant licensing, environmental assessment
or energy planning). Further concerns are discussed, related to the common need to aggregate
data and, in relation to the actual client or target group of the work, to present results in a
sufficiently generic fashion. The paper discusses aggregation over technologies, over sites,
over time and over social settings. Regarding the actual technique used for impact calcula-
tions, the differences between externality calculations, extended risk analysis and life cycle
analysis are described. Finally, the issue of quantification is illustrated by two very difficult
but also very important examples: global climate impacts and impacts of nuclear accidents.

I.  DATA ACQUISITION

Impact assessment requires the collection of primary data on the physical inter-
play between a given energy installation or system and its environment. These data
include emissions and other releases, noise levels, etc. The pathway approach
employed for site and technology specific studies, as well as generic data appropriate
for other types of investigation are discussed.

1.1. Pathway method

For an energy installation (power plant, mine, refinery, a picce of end use
equipment, etc.) at a given location, an impact analysis for the particular step in the
energy conversion chain represented by the installation can be made according to the
pathway method, as illustrated in Fig. 1. In principle, this method appheb both to
normal operation of the installation and to accident situations.

123
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FIG. 1. Pathways for evaluating impacts [7].

The initiating step may be to calculate impacts in the form of emissions (e.g.
of chemical or radioactive substances) from the installation to the atmosphere,
releases of similar substances to other environmental reservoirs, or emissions of
noise. Other impacts could be from inputs into the fuel cycle (water, energy,
materials such as chalk for scrubbers). In a life cycle analysis, the indirect impacts
associated with the production of these inputs (typically at other sites, using other
equipment) have to be enumerated, as well as the inputs to inputs, for as long as sig-
nificant impacts are involved. Basic emission data are being routinely collected for
power plants, whereas data for other conversion steps are often more difficult to
obtain. Of course, emission data, e.g. from road vehicles, are available in some
form, but they are rarely distributed over driving modes and location, as one would
need in most assessment work.

The next step is to calculate the dispersal of releases in the ecosphere, for
example by using available atmospheric or aquatic dispersion models. In the case of
radioactivity, decay and transformation also have to be considered. For airborne
pollutants, the concentration in the atmosphere is used to calculate deposition (using
models for dry deposition, deposition by precipitation scavenging or deposition after
adsorption or absorption of pollutants by water droplets). From this, the distribution
of pollutants (possibly transformed from their original form, ¢.g. sulphur dioxide to
sulphate aerosols) in the air and on the ground or in water bodies will be obtained,
normally given as a function of time, because further physical processes may move
the pollutants down through the soil (where they would eventually reach the ground-
water or aquifers) or again into the atmosphere (e.g. as dust).

If the concentration of pollutants is given as a function of place and time, the
pathway may be further expanded to include an impact on humans, such as by inges-
tion of the pollutant. Rather large areas may have to be considered, both for normal
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releases from fossil fuel power plants and for nuclear- plant accidents (typically for
a distance from the energy installation of 1000 km or more). Besides the negative
impacts, there are of course positive impacts derived from the energy produced.
These impacts will have to be weighed against each other. In some cases, the com-
parison is assisted by translating the dose responses (primarily given as number of
cancers, deaths, workdays lost, and so on) into monetary values. This should only
be done if the additional uncertainty introduced by monetizing is not so large that
the evaluation of the monetized impacts becomes arbitrary. In any case, some
impacts are likely to remain which cannot meaningfully be expressed in monetary
terms.

1.2. Generic data

If the purpose of the assessment is to obtain generic energy technology evalua-
tions (e.g. as inputs into planning and policy debates), one would try to avoid using
data that depend too strongly on the specific site selected for the installation. These
could be important impacts, depending on a specific location (involving, for exam-
ple, special dispersal features, such as in a mountainous terrain) or a specific popula-
tion distribution (presence of high density settlements near the energy instalfation
studied). In policy discussions, these special situations should normally be avoided,
whereas, in the case of actual site selection, unsuitable locations can be avoided if
the planning area is sufficiently diverse. :

Pure emission data are often dependent only on the physical characteristics of
a given facility (power plant stack height, quality of electrostatic filters, sulphate
scrubbers, nitrogen oxide treatment facilities, and so on), and not on the site.
However, the dispersion models are of course site dependent, but general concentra-
tion versus distance relations can usually be derived in model calculations avoiding
any special features of sites. As regards the dose commitment, it will necessarily
depend on the population distribution, while the dose response relationship should
not depend on this. As a result, a generic assessment can in many cases be per-
formed, with only a few adjustable parameters left in the calculation, such as the
population density distribution, which may be replaced by average densities for an
extended region. ‘

The approach outlined above will only serve as a template for assessing new

_energy systems, as the technology must be specified and usually would involve a
comparison between state of the art, new technologies. If the impacts of the existing
energy system in a given nation or region have to be evaluated, the diversity of the
technologies in place must be included in the analysis, which would most likely have
to proceed as a site and technology specific analysis for each piece of equipment.

In generic assessments, it is not only necessary to fix the technology and popu-
lation distribution but also to assume a number of features of the surrounding society,
inasmuch as they may influence the valuation of the calculated impacts (and in some
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cases also the physical evaluation, e.g. as regards the preparedness of society to
handle major accidents, which may influence the impact assessment in essential
ways).

2. AGGREGATION ISSUES

Because of the importance of aggregation issues, both for data definition and
for calculation of impacts, this topic will be dealt with in some detail. There are at
least four dimensions of aggregation that play a role in impact assessments:

— Aggregation over technologies,
— Aggregation over sites,

— Aggregation over time,

— Aggregation over social settings.

The most disaggregated studies done today are termed ‘bottom-up’ studies of a
specific technology located at a specific site. Since the impacts will continue over
the lifetime of the installation and possibly longer (radioactive contamination), there
is certainly an aggregation over time involved in stating the impacts in compact form.
The better studies attempt to display impacts as a function of time, e.g. as short,
medium and long term effects. However, even this approach may not catch important
concerns, as it will typically aggregate over social settings, assuming them to be inert
as a function of time. This is of course never the case in reality and, in recent centu-
ries, the development of societies with time has been very rapid, entailing also rapid
changes in social perceptions of a given impact. For example, the importance
presently accorded to environmental damage was absent just a few decades ago, and
there are bound to be issues about which society will be concerned over the next
decades, but which currently are just considered as marginal by wide sections of
society.

The item of aggregation over social settings also has a precise meaning at a
given instance. For example, the impacts of a nuclear accident will greatly depend
upon the response of the society. Will there be heroic firemen, as in Chernobyl, who
will sacrifice their own lives in order to diminish the consequences of the accident?
Was the population properly informed about what to do in the case of an accident
(going indoors, closing and opening windows at appropriate times, etc.)? Were there
drills of evacuation procedures? The answers to these questions are ‘‘no’’ for Russia
and ‘‘yes’’ for Sweden. A study making assumptions on accident mitigation effects
must be in accordance with the make-up of the society for which the analysis is being
performed.

Aggregation over sites implies that peculiarities in topography (leading
perhaps to irregular dispersal of airborne pollutants) are not considered and that
variations in population density around the energy installation studied will be dis-
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regarded. This may be a sensible approach in the planning phase, where the actual
location of the installation may not have been selected. It also gives more weight to
the technologies themselves, making this approach suitable for generic planning
choices between classes of technology (e.g. nuclear, fossil, renewable). Of course,
once actual installations are to be built, new, snte spe01ﬁc analyses may be invoked
in order to determine the best location.

Aggregation over technologies would in most cases not make sense. However,
in the particular case of assessing the existing stock of, for example, power plants
in a region, something like technology aggregation may play a role. For example,
one might use average technology for the impact analysis, rather than performing
multiple calculations for specific installations involving both the most advanced tech-
nology and the most outdated technology.

In a strict sense, aggregation is never allowed, because the impacts that play
a role never depend linearly or in simple ways on assumptions of technology,
topography, population distribution, and so on. One should in principle treat all
installations individually and make the desired averages on the basis of the actual
data. This may sound obvious, but it is also unachievable because only for some
issues can the actual situations underlying the averages be addressed. As regards the
preferences and concerns of future societies, or the future impacts of current releases
(such as climate impacts), one will always have to do some indirect analysis,
involving aggregation and assumptions on future societies (using, for example, the
scenario method).

It can be concluded that some aggregation is always required, but that the level
of aggregation must depend on the purpose of the assessment. The following pur-
poses for impact assessments currently performed can be discerned:

— Licensing of particular installations,
— Energy system assessment,
~— Energy planning and policy.

For licensing of a particular installation along a fuel chain or for a renewable
energy system, clearly a site and technology specific analysis has to be performed,
making use of actual data for physical pathways and populations at risk (as well as
corresponding data for impacts on ecosystems, etc.). For the assessment of a
particular energy system, the full chain — mining or extraction, refining, further
treatment, transportation to and use in power plants, followed by transmission and
final use — must be considered, and each step would typically involve different loca-
tions. A complication in this respect is that, e.g. for a fuel based system, it is highly
probable that, over the lifetime of the installation, fuel would be purchased from
different vendors, and the fuel would often come from many geographical areas with
widely differing extraction methods and impacts (e.g. Middle East versus North Sea
oil or gas, German or Bolivian coal mines, open pit coal extraction in Australia, and
so on). Future prices and environmental regulations will determine the change in fuel
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mix over the lifetime of the installation, and any specific assumptions may turn out
to be invalid.

For the planning type of assessment, it would be normal in most industrialized
nations to consider only state of the art technology, although even in some advanced
countries there is a reluctance to apply the available environmental cleaning options
(currently for particle, SO, and NO, emissions; in the future probably also for CO,
sequestering or other removal of greenhouse gases). In developing countries, there
is a tendency to ignore available but costly options of environmental impact mitiga-
tion. In some cases, the level of sophistication selected for a given technology
depends on the intended site (e.g. near to or away from population centres). Another
issue is maintenance policies. The lifetime of a given installation depends sensitively
on the willingness to spend money on maintenance, and the level of spending opted
for is a matter to be considered in the planning decisions.

Some of the issues involved [1] are listed below:

Technology and organization

— Type and scale of technology;

— Age of technology;

— Maintenance state and policy;

— Matching technology with the level of skills available;
— Management and control setup.

Natural setting

— Topography, vegetatiofl, location of waterways, groundwater tables, etc.;

— Climatic regime: temperature, solar radiation, wind conditions, currents
(if applicable), cloud cover, precipitation patterns, air stability, atmospheric
particle content.

Social setting

— Scale and diversity of society;
— Development stage and goals;
— Types of Government, institutions and infrastructure.

Human setting

— Values and attitudes, goals of individuals;
— Level of participation, level of decentralization of decision making.

Impact assessments suitable for addressing these issues involve the con-
struction of scenarios for future societies, in order to have a reference frame for
discussion of social impacts. Because the scenario method is normative, it would in
most cases be best to consider more than one scenario, covering important positions
in the social debate of the society in question.
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Another issue is the emergence of new technologies that may play a role over
the planning period considered. Most scenarios for future societies do involve some
assumption of new technologies coming into place, according to current research and
development. However, the actual development is likely to involve new technologies
that were not anticipated at the time of making the assessment. It is possible to
analyse scenarios for sensitivity to such new technologies and sensitivity to possible
errors in other scenario assumptions. This makes it possible to distinguish between
those future scenarios which are resilient, i.e. those which do not become totally
invalidated by changes in assumptions, and those which depend strongly on the
assumptions made. In the case of energy technologies, it is equally important to
consider the uncertainty of demand assumptions and assumptions on supply technolo-
gies. The demand may vary according to social preferences and according to the
emergence of new end use technologies that may provide better services with less
energy input. It is therefore essential to consider the entire energy chain, not just to
the energy delivered, but all the way to the service derived. No one demands energy,
but people demand transportation, air conditioning, computing, entertainment,
and so on. )

The discussion of aggregation issues clearly points to the dilemma of impact
analyses: Those answers that would be most useful in the political context are often
answers that can be given only with large uncertainty. This places the final responsi-
bility in the hands of the political decision maker, who has to weigh the impacts
associated with different solutions and in that process to take into account uncertain-
ties (e.g. choosing a more expensive solution because it has less uncertainty). But
this is of course what decision making is about!

3. DEPTH OF ANALYSIS

Any actual impact assessment involves the selection of a number of items that
are considered important and the neglect of others, hopefully after reflections that
make it probable that they will not change the overall results. In any case, there will
be impacts that are not taken into consideration, e.g. because of new scientific
insights that will only be obtained at a later stage, so any assessment has to live with
the fact of incompleteness. On the methodological level, some cut-offs are systemati-
cally used in current assessment. These will be discussed in this section.

3.1. Life cycle analysis

Life cycle analysis (LCA) is a method by which it is possible in principle to
assess both direct and indirect impacts of a technology, a product, a system or an
entire sector of society. LCA incorporates impacts over time, including impacts
deriving from materials or facilities used to manufacture tools and equipment for the
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process under study; LCA also includes final disposal of equipment and materials,
whether involving reuse, recycling or waste disposal. The types of impact that may
be contemplated for assessment reflect to some extent the issues that, at a given
moment in time, have been identified as important in a given society. It is therefore
possible that the list will be modified with time and that some societies will add new
concerns to the list. The following impacts are listed in Ref. [1]:

— Economic impacts, such as impacts on owners’ economy and on national
economy, including questions of balance of foreign payments and of
employment.

— Environmental impacts, ¢.g. land use, noise, visual impact, local pollution of
soil, water, air and biota, regional and global potlution, and other impacts on
the Earth atmosphere system, such as climatic change.

— Social impacts, related to satisfaction of needs, impacts on health and the work
environment, exposure to risks, impact of large accidents.

— Security impacts, including both security of supply and safety against misuse
and terror action.

— Resilience, i.e. sensitivity to system failures, planning uncertainties and future
changes in criteria for impact assessment.

— Development impacts, e.g. consistency of a product or a technology with the
goals of a given society.

— Political impacts, e.g. impacts of control requirements, and impacts on open-
ness to decentralization in both physical and decision making terms.

There is a geopolitical dimension to the above issues: Development or political
goals calling for import of fuels for energy may imply increased competition for
scarce resources — an impact which may be evaluvated in terms of increasing cost
expectations or in terms of increasing political unrest (more ‘energy wars’). The
political issue also has a local component, pertaining to the freedom or lack of free-
dom of local societies to choose their own solutions, which may be different from
the one selected by the people in neighbouring local areas.

3.2. Risk analysis

Risk analysis is normally defined by terms that are borrowed from the
insurance industry, stating that ‘‘some sudden event outside the control of the insured
operator’” must be involved, However, some recent studies try to extend the defini-
tion to include all impacts that are of a stochastic nature (2, 3]. This would include
impacts from normal operation of power plants because of the stochastic nature of
some of the impact pathway processes. In the present paper, the conventional strict
definition of risk will be used. This leaves mainly the accidents inherent in many
technology solutions in the energy field (nuclear power stations, gas tankers and
stores, oil pipelines, etc.).
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It is necessary to make a few comments on the probabilistic treatment of acci-
dent risks. The standard risk assessment used in, for example, the airplane industry
consists in applying fault tree analysis or event tree analysis to trace accident proba-
bilities forward from initiating events or backward from final outcomes. The idea
is that each step in the evaluation concerns a known failure type associated with a
concrete piece of equipment and that the probability for failure of such a component
should be known from experience. The combined probability is thus the sum of the
products of partial event probabilities for each step along a series of identified path-
ways. It is important to realize that the purpose of this evaluation is to improve
design, by pointing out the areas where improved design is likely to pay off. Neces-
sarily, unanticipated event chains cannot be included. In areas such as airplane
safety, it is clear that the total accident probability consists of one part made up by
anticipated event trees and one part made up by unanticipated events. The purpose
of the design efforts is clearly to make the probability of accidents that can be
predicted by the fault tree analysis (and thus may be said to constitute ‘built-in’ weak-
nesses of design) small compared with the probability of unanticipated accidents, for
which no defence is possible; in this case the only chance is to learn from actual
experience and hopefully to move event chains including, for example, common
mode failures from the ‘unanticipated’ category to the ‘anticipated’ category for
which engineering design efforts may be addressed. This procedure has led to declin-
ing airplane accident rates, while the ratio between unanticipated and anticipated
events has remained at approximately the value ten.

It should of course be said that the term ‘probability’ is used here in a loose
manner, as there is no proof of a common, underlying statistical distribution [4]
because of constant technological change, making the empirical data different from
the outcome of a large number of identical experiments. This is equally true for cases
of oil spills or nuclear accidents, for which there are few empirical data because of
the low frequency of catastrophic events (albeit they are compounded by potentially
large consequences). Here the term ‘probability” is really out of place and, if it is
used, it should be construed to mean just ‘‘an indicator of a possible frequency
of events”’.

3.3. Externalities

The externality concept assumes that it is possible to distinguish between
impacts that are included in the price of a product (here energy) and impacts that are
not included. In other words, if there were no market imperfections, there would be
no externalities. On the other hand, it is recognized that the broad range of possible
impacts, including environmental and social impacts such as those listed in Sec-
tion 3.1, have to be considered and, because some of them will remain qualitative
or difficult to quantify, there will always be impacts that are not reflected in prices.
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Of course, the players in the market place often try to pass on certain costs to society,
betting on the current mixed economies to take care of less tangible impacts.
Hardin {5] says that, for this reason, ‘externalities’ should rather have been termed
‘impositions’, as they are imposed upon society by those that should have included
them in their cost structure.

Recently, efforts were made to get externalities back into the cost calculations
(at least for planning and decision processes, if not for actual pricing, cf. the ‘adders’
used in US planning but never imposed on the prices). The use of common units for
as many impacts as possible is of course in itself a noble aim, directed at facilitating
the job of a decision maker wanting to make a comparison between different systems.
Once monetized values are quantified, their introduction will be helpful in any com-
parison of different systems or facilities. However, it is important that this procedure
does not further marginalize those impacts which cannot be quantified or which seem
to resist monetizing efforts. The basic question is really whether or not the further
uncertainty introduced by monetizing offsets the value of being able to use common
units.

Monetizing may be accomplished by expressing damage in monetary terms or
by using instead the cost of reducing the emissions to some low threshold value
(avoidance cost). Damage costs may be obtained from health impacts by counting
hospitalization and workday salaries lost, the cost of replanting dead forests, restau-
ration of historic buildings damaged by acid rain, and so on. The cost of accidental
death may be replaced e.g. by the insurance cost of a human life. Unavailability of
data on monetizing has led to the alternative philosophy of interviewing sections of
the affected population on the amount of money they would be willing to pay to avoid
a specific impact or to monitor their actual investments (contingency evaluations
such as hedonic pricing, revealed preferences, or willingness to pay). The outcome
of such measures may change from day to day, depending on the exposure of people
to random bits of information (whether true or false); it also depends strongly on the
disposable income of people, as well as on competing expenses of a perhaps more
tangible nature. The question is whether the statistical value of life (SVL) should be
reduced by the fraction of people actually taking out life insurance, or whether it
should be allowed to take different values in societies of different affluence,

All of the above methods are clearly deficient: the use of a damage cost because
it does not include a (political) weighing of different issues (e.g. weighing immediate
impacts against impacts occurring in the future), and contingency evaluation because
it includes such a weighing on a wrong basis (influenced by people’s knowledge of
the issues, by their accessible assets, etc.). The best alternative may be to present

-the entire impact profile to decision makers, in the original units and with a time
sequence indicating when each impact is believed to occur, and then to invite a true
political debate on the proper weighing of the different issues.

A special role is played by problems of intergenerational equity — an issue that
becomes relevant for many impacts from energy systems because of delays between
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cause and effect, particularly in the case of nuclear energy. Several studies of mone-
tized impacts use a discount rate to express the preference of having assets now
rather than in the future. This preference is evident for individuals with a finite
lifespan; but, regarding national economies, the question arises whether assets that
are left to future generations might not be exploited by them in a better way than
is possible with present technologies. The same may be true for liabilities, such as
nuclear waste, which can be stored for later processing, whereas for air pollution
the impacts are of course already committed at the time of ingestion. Most people
would prefer a cancer occurring 20 years later to one occurring now, but the question
becomes more subtle if continuous suffering is invoilved. The intergenerational
interest rate should basically be zero, placing the same value on the future as on the
present. However, some would argue that we build up a stock of amenities for the
future, which, together with the technological progress that will enable cheaper
handling of deferred problems, would point to a positive discount rate. On the other
hand, knowledge regarding health and environmental impacts is likely to grow with
time, making, for example, environmental standards likely to become more stringent
in the future (continuing their development over the last couple of decades). Also,
new concerns are likely to emerge, all of which points to a negative discount rate.
Because there is no way of telling precisely what future societies will be concerned
with, the most reasonable choice of an intergenerational discount rate in my view
1S Z€r0.

4. TWO EXAMPLES

The two examples treated below are characterized by having very large uncer-
tainties; at the same time, they are essential to the assessment of fossil and nuclear
energy systems. In monetized evaluations, these single impacts are likely to over-
shadow other impacts from the same technologies by one or two orders of
magnitude. :

4.1. Global climatic effects

The impacts of greenhouse gas emissions, leading to global warming and to
possible impacts of a changed climate with greater variability, are estimated in
Table [ on the basis of assessment work performed by Working Group II of the Inter-
governmental Panel on Climate Change (IPCC) [8]. The assumption of monetizing
deaths using an SVL amounting to 2.6 MECU is used in all cases. If the value of
life and health in developing countries were taken as zero, the global warming
impacts estimated in Table I would diminish by a factor of 40.

The impacts estimated in Table I are for the IPCC reference scenario, which
assumes a doubling of the greenhouse gases in the atmosphere by the middle of the
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TABLE I. ESTIMATED IMPACTS OF GLOBAL WARMING DURING THE
21st CENTURY FOR THE IPCC REFERENCE CASE?®

Valuation
(TECU)
Additional heatwave deaths (1 million, valued at 2.5 MECU each) 2.5
Fires due to additional dry spells 1.0
Loss of hardwood and fuelwood producing forests 3.0
Increase in skin cancer due to UV radiation 2.5
Additional asthma and allergy cases 2.0
Financial impact of increase in extreme events 2.0
Additional crop pests and adaptation problems for new crops 2.0
Increase in insect attacks on livestock and humans. . 1.0
Increased death from starvation due to crop loss (100 million deaths,
the affected population being over 300 million) 250.0
Deaths connected with migration caused by additional droughts or floods
(100 million deaths, the affected population being over 300 million) 250.0

Increased mortality and morbidity due to malaria, schistosomiases, cholera,
etc. (100 million deaths, the affected population being over 1000 million) 250.0

Other effects of sanitation and freshwater problems connected with droughts,
floods and migration ' 25.0

Total of valuated impacts 791.0

® Based on discussions in Ref. [8]; valuation estimates were made separately; the uncertainty

is very high.

21st century, as compared with the pre-industrial level. However, the impacts
themselves are accumulated over the 21st century, since many of them occur over
a period of time. Power production using fossil fuels currently amounts to some
7000 TW-.h/a and is responsible for about 20% of greenhouse gas emissions.
Thus the electric power generation share of impacts may be taken as 150 TECU.
It is more difficult to express this per kilowatt-hour, but, if one assumes that the
impacts are the result of 50 years of producing on average 10 S00 TW -h/a (con-
sistent with a doubling in 50 years), one obtains 0.3 ECU/kW -h. This is the estimate
that should be used in assessments of fossil power (but acknowledging the large
uncertainty involved).
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TABLE II. FREQUENCY OF AND DAMAGE FROM LARGE NUCLEAR
ACCIDENTS

Accumulated experience at the time of the Three Mile Island

accident (1979) 3000 TW-h
Accumulated experience at the time of the Chernobyl v ‘

accident (1986) , 5 800 TW:-h
Accumulated experience up to the end of 1994 20000 TW:h
Implied order of magnitude for frequency of core melt accident 1 x 107 (TW-h)™'
*Implied order of magnitude for an accident with

Chernobyl type releases ‘ 5 % 107 (TW-h)™'
Chernobyl:
Dose commitment [9] 560 000 man-Sv
Induced cancers (SYL = 2.6 MECU, no discounting) 200 GECU
Birth defects ’ © 20 GECU
Emergency teams, cleanup teams, security teams - i - 50 MECU
Early radiation deaths (SVL = 2.6 MECU) L 100 MECU
Evacuation and relocation i 100 MECU
Food bans and restrictions ' ’ 100 MECU
Unplanned power purchases ) : 1 GECU
Capacity loss and reduced supply security 10 GECU
Cost of encapsulation and cleanup (at plant and elsewhere) 170 GECU
Increased decommissioning costs - 100 GECU
Impact on the nuclear industry (reputation, reduced new orders) 100 GECU
Time spent by experts and regulators for monitoring " 10 MECU
Concerns of the general public (psychosomatic impacts) 100 MECU
Total estimate of Chernobyl accident costs 600 GECU

Industry average accident cost using the above estimate
marked by an asterisk 30 mECU/kW -h

1 mECU = US cents 0.125,.
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4.2. Nuclear accidents

The observed number of large accidents is for two nuclear core melt accidents
(Three Mile Island and Chernobyl); for large oil spills the number of accidents is
similar or smaller. The implied ‘probability’ in the nuclear case is illustrated in
Table II. Counting two accidents over the accumulated power production to the end
of 1994, one obtains a frequency of 10~* per TW -h, or a frequency of 5§ X 107 per
TW:h for an accident with severe external consequences. At the time of the
Chernobyl accident, the estimate would have been three to four times higher because
of the much lower accumulated power production of reactors worldwide by 1986.
For comparison, the built-in probability for an accident with Chernobyl type conse-
quences for a new, state of the art light water nuclear reactor was calculated by the
fault-tree analysis to be of the order of 107° per TW h [6]. The difference between
the two numbers comes partly from the difference between a state of the art reactor
and the average reactors in operation, and partly from the difference between the
calculated probability of anticipated accidents and the actual frequency, including
unanticipated events. Including unanticipated events may raise the estimate by about
a factor of ten (as mentioned in Section 3.2), according to sound engineering prac-
tices, and the factor for average to state of the art reactors would be about four. Thus,
the relation of numerical estimates of the calculated and observed accident rates can
be generally understood.

Of the 0.3 ECU/kW -h attributed to accidents, one third represents the health
impacts from radioactive releases, while two thirds are due to handling the accident
(evacuation, food ban, cleanup, backup power, etc.) and to indirect costs. The use
of empirical data for analysis of large accidents at power plants may be criticized
because of the fact that technological progress was not taken into account (see the
above discussion on average and state of the art technology). However, the present
expansion of nuclear power takes place in developing countries, so it would seem
prudent not to count on the higher standards of operational safety achieved in indus-
trialized countries over the last decade. For example, reduction of impacts through
early warnings, indoor confinement of people, with controlled closure and opening
of windows, evacuation and food bans is much less likely to function in developing
countries. In fact, early recognition of and public information on a problem, which
are essential for certain accident types, did not characterize the historic examples of
accidents.

5.  DISCUSSION

Many studies make the assumption that the new systems considered are margi-
nal additions to the existing system. This implies that in calculating the impacts of
manufacturing, for example, photovoltaic panels, the energy input comes from the
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current mix of power plants, typically coal fired plants or nuclear ones. Evidently,
this gives results that are very different from those which would emerge from a study
assuming a transition to an energy supply system based on renewable energy sources,
where the manufacturing impacts would come from solar, wind and biomass plants.
An alternative would be to construct a scenario for an energy transition, and then
use the scenario mix of energy sources for calculating impacts at a given time. This
type of investigation is currently under study, and improved data are expected to be
derived from such analyses.

(m
(2]
(3]

(4]
(5]

61

7

(8

9
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Abstract

RENEWABLE ENERGY TECHNOLOGIES AND THEIR ADAPTATION TO RURAL
ECONOMIC DEVELOPMENT IN CHINA. ’

Renewable energy technologies have been developed in China during and after the
1980s, in connection with the rural economic development. The paper presents the develop-
ment status of renewable energy technologies and their adaptation to the rural economic
development in China. A detailed cost/benefit analysis for renewable energy technologies is
given. The environmental impacts of these technologies are also discussed.

1. BACKGROUND

Nearly one fifth of the world popuiation lives in the rural areas of China. In
most of these areas, energy supplies are scarce, which leads to over-exploitation of
the existing forestry and farm lands. This in turn causes severe emvironmental
damage. Before 1980, Chinese peasants depended almost entirely .on biomass
resources as domestic fuels. Coal and other fossil fuels were mainly used in urban
areas. Most of the renewable low cost energy resources are for non-commercial use.
For example, about 70% of the 224 million tce of biomass is used non-commercially,
and less than 10%, mainly firewood and charcoal, is sold on the market. In other
words, the main aim of the Chinese development programme for renewable energy
is to provide energy to the rural population. Following the reform of the economic
system in China and the open door policy, the living conditions of the rural popula-
tion and the rural economy have been improved. As a result, commercial use of
energy resources, including coal and other fossil fuels, is playing a significant role
in the rural areas.

About 80% of the total population of China lives in rural areas, and rural
economic development plays a very significant role in the national economic
development, particularly following the rural industrial development. As a result, the
energy demand and supply in connection with rural economic development have
become very important issues in the Chinese energy supply strategy. Because of the
large amount of resources available, renewable energy resources have played a very
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large role in rural energy supply. By the end of 1993, about 250 million tce of
biomass were used by rural households and for rural economic development, which
was about 20% of the total energy supply in China. Therefore, the development of
renewable energy in China is being recognized as an important component of long
term sustainable energy supply.

Given the commitment of the World Environment and Development Conven-
tion, greenhouse gas (GHG) reduction is an important issue for the international
community. As one of the major measures of GHG reduction, the development of
renewable energy technologies has been recommended as a high priority task in
China. In 1993, the State Council of China instituted Agenda 21, a major component
of which is the development of renewable energies. Since 1994, the State Planning
Commission, the State Science and Technology Commission and the State Economic
and Trade Commission have jointly formulated a programme for the development
of new and renewable energies for the period 1996-2010. On the basis of this
programme, the commissions are preparing an implementation schedule for the ninth
five-year plan.

However, on the basis of the concept of a least-cost energy supply strategy,
renewable energy development is intended mainly for rural households and for the
development of rural economy. In 1994, China had about 80 million poor people and
most of them lived in remote areas where fossil fuel resources are scarce and supply
costs are high. Development of renewable energies is usually associated with the
. elimination of poverty; in other words, solving the problem of energy shortage is
one of the major tasks necessary to achieve-this aim.

2. . RENEWABLE ENERGY RESOURCES AND TECHNOLOGIES
2.1. Wind energy

As estimated by the National Meteorological Bureau and the Meteorology
Institute, the capacity of wind energy in China is about 1.6 TW, and the existing
installed capacity of wind power generators is about 30 MW. The criteria for qualita-
tive determination of the potential of wind energy are divided into high, moderate,
marginal and poor (see Table I).

Most of the high potential wind energy generators are located in areas that are
far away from industrialized regions. However, in most of these areas, other energy
resources are scarce. Wind power generation could be used in remote rural areas,
such as Inner Mongolia, and on islands in the eastern coastal regions.

China has a long history of wind turbine and wind power development, which
started in the early 1950s with the development of small turbines for application in
remote areas. By the end of 1994, there were about 140 000 household size wind
turbines which supplied electricity to the population in remote rural areas, especially
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TABLE I. CRITERIA FOR QUALITATIVE DETERMINATION OF THE

POTENTIAL OF WIND ENERGY

Criteria High Moderate Marginal Poor
Hours/year with wind > 5000 4000-5000 2000-4000 <2000
velocities of >3 m/s
Hours/year with wind >2000 1500-2000 500-1500 <500
velocities of >6 m/s
Wind energy density >200 150-200 50-150 <50

TABLE II. COST COMPARISON OF WIND/DIESEL HYBRID SYSTEMS AND

CONVENTIONAL DIESEL SYSTEMS (yuan/kW -h)

Cost elements

Hybrid system

Diesel system

Investment 0.33 0.14
Operation and mair_ntenance 0.06 0.15
Fuel 0.40 0.75

Total 0.79 1.04

husbandry farmers of Inner Mongolia; the costs of these wind turbines were
comparable with those of diesel generators.

In recent years, China has also developed some grid connected wind farms,
which use mainly imported equipment and technologies. By the end of 1994, about
14 sites of wind farms had been set up, with a total capacity of about 30 MW.
Currently, most of the grid connected wind farms are located in rural areas and
supply electricity to the rural economy. :

China has also developed technologies for so-called hybrid systems. A number
of wind/diesel/battery systems in the range of 30-130 kW are being tested in China.
These systems are mainly located in Inner Mongolia and on islands in the coastal
region. :
The most popular wind turbine in China is of a size suitable for house-
holds in remote rural areas. A typical small wind energy system consists of a
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100 W generator and two batteries of 60 A-h each. This system is able to supply
energy for two or three fluorescent lights, a black and white television set and a
radio, depending on the wind resource and the battery charging capacity. In 1993,
the total cost of the system was about 1060 yuan, and the levelized power generation
cost was about 0.85 yuan per kilowatt-hour, which was lower than the cost of diesel
power generation in some regions.

The cost of power generation by a hybrid system is lower than that by a
conventional wind power system. Table II presents a cost comparison of hybrid and
conventional diesel systems.

2.2. Solar energy

Solar energy is abundant in China, especially in the north-eastern parts and in
Tibet and the Yunnan province. The solar radiation intensity is about 0.6 MJ per
square metre. The most popular way of using solar energy is through heating
panels that are applied mostly on the roofs of houses. Solar heating panels of an
area of about 3.3 million m? have been installed previously in China, and about
0.8 million m? of such heating panels are produced annually. These solar heating
panels can supply hot water to both rural and urban areas for residential use. Another
utilization of solar energy is the provision of solar housing systems. By the end of
1994, housing systems with about 150 000 m? of heating panels had been provided.
These houses were located mainly in the north-eastern and north-western parts of
China. Both solar heating panels and solar housing systems mainly provide energy
for the needs of households. However, some of these panels are used also in agri-
culture, e.g. for drying tea, tobacco and bricks. According to calculations by the
Ministry of Agriculture (MOA), solar heating panels can provide about 1 million toe
for energy production for rural and urban households.

In China, the solar photovoltaic (PV) technology is used mainly for solar
power generation. The annual capacity of solar PV power production is about
3-5 MW_eq ; most of it is sold to companies using signalling systems for communi-
cation and transportation; some of it is sold to to rural households. Because of the
high cost of solar PV energy, it is hardly suitable for poor people in rural households.
Currently, one Wy, of PV energy from a battery system costs about 100 yuan, i.e.
a 50 Wy, system costs about 5000 yvan. The per capita income of most of the poor
people in rural areas is less than 200 yuan per year. A household of five people
would need the total income of five years to buy one solar PV system. Therefore,
the development of solar PV systems in China is based mainly on three strategies:
. (1) PV energy is sold to relatively rich husbandry farmers who can pay the total cost
of the system, with different payment options, e.g. high or low down-payment;
(2) PV energy is sold to households with moderate incomes, with Government subsi-
dies; and (3) PV energy is provided to poor people who do not have enough money
to buy a solar PV system. The money for dissemination of solar PV energy comes
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mainly from the Government fund for the elimination of poverty, from bilateral or
multilateral assistance funds and from international assistance funds.
Technologies for solar power generation connected to the grid and for solar
thermal power generation have not been developed and utilized in China. However,
it has been proposed to use these kinds of technology for overcoming power
shortages in Tibet, since this option seems to be the cheapest one for that region.

2.3. Biomass energy

China has a wide range of biomass resources that can be used for energy
generation; these resources include firewood, straw and stalks, agriculture and
forestry residues and organic wastes. The annual production of biomass resources
in China is shown in Table III. The annual biomass production is about 5000 million
tonnes, of which about 600 million tonnes can be used for energy production.

TABLE III. BIOMASS ENERGY RESOURCES IN
CHINA (1993)

Annual production

Biomass resources s
(million tonnes)

Crop straw 450
Forestry residue 15
Garbage 73
Municipal sewage 146
Rice husks ‘ 15
Sugar cane 67
Waste water 18 250

Biomass is the major energy resource that can be used as fuel for households.
Biomass provides about 70% of the energy for households in rural areas; in some
remote areas, biomass provides about 100% of the energy for households. In recent
years, following the economic development in rural areas, people used commercial
energy instead of energy from biomass. In 1993 the amount of coal used in rural
areas was twice that in 1980 and reached about 100 million tonnes. However,
because of increased environmental pressure, utilization of biomass energy has
become an important issue in China. If rural households would rely too much on
biomass energy, then the impact on forestry and land use would become more
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serious. On the other hand, the use of large amounts of coal in rural areas would
cause more pollutants; the current environmental sitvation in China is already very
serious, especially regarding emissions of total suspended particles and SO,.

The strategy of biomass energy utilization in China can be described as
follows: (1) increasing the efficiency of biomass energy, for example by promotion
of the programme for providing improved stoves in rural areas; and (2) promoting
the commercial utilization of biomass energy, such as biomass gasification (e.g.
biogas). In the past 20 years, the programme for providing improved stoves was
successful; by the end of 1994, more than 70% of rural households had improved
stoves. However, commercialization of biomass energy is progressing very slowly
because of high costs and decentralization problems.

Firewood is one of the major biomass resources for energy use in rural areas;
it provides about 70% of the total biomass energy for households. However, fire-
wood resources are scarce, since the land that can be used for firewood plantations
is limited. Currently, most of the firewood (more than 70%) comes from timber and
other forestry plantations, which results in a lower productivity of these plantations.
By 1993, about 5.5 million hectares of firewood plantations supplied about
30 million tonnes of firewood. Thus, increasing the area of firewood plantations will
be one of the options for supplying enough energy to the rural population, without
negative impacts on both the local and the global environment.

Biogas production used to be one of the measures for commercial utilization
of biomass resources. However, because of problems in connection with the main-
tenance of the equipment used, the speed of biogas development slowed down in the
late 1980s compared with that in the 1970s. One target of the biogas development
programme was the development of technologies that can be used in rural households
by people to perform certain activities that will provide a source of income. For
example, in the north-east of China, biogas digesters did not work well because of
the cold weather in this part of the country. However, recently, farmers have
combined solar greenhouse systems with biogas digesters. The solar greenhouse
system supplies heat for both the house and the biogas.digester, and the biogas

“supplies energy for the household. Biogas residues can be used as fertilizer for the
vegetables grown in the greenhouse. Therefore, biogas plays a key role in activities
aimed at combining energy supply, environmental protection and economic develop-
ment of rural households. It has been calculated that for rural households the income
from one greenhouse with a biogas digester can be increased by about 6000 yuan.
Therefore, a biogas programme was developed for the north-east of China. In 1994,
10 000 biogas digesters were installed inthe province of Liaoning alone. By the end
of 1994, about 5.3 million households in rural areas used biogas digesters to produce
biogas for cooking and lighting purposes.

Another target of the biogas programme is to develop large scale biogas
digesters and to use them for supplying clean energy to rural and urban households;
biogas could even be used for power generation for economic development of rural
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areas. One important component of the plan for the development of new and renew-
able energy sources is large scale development of biogas. The development of large
scale biogas digesters depends upon the growth of the rural economy. In recent
years, there was a very large increase in large scale animal husbandry farms to meet
the meat demand of people in both rural and urban households. Since a large amount
of animal residues accumulates in such farms, the biogas digester technology is used
as a means of both energy production and environmental protection. In the rural
areas of Beijing, ten husbandry farms have been selected to demonstrate biogas
production and power generation in a pilot project in which both energy and power
are supplied to the farms. ‘

Biomass gasification and briquetting technologies are other options for the
commercial utilization of biomass. In recent years, China has developed several
biomass gasification and briquetting technologies. However, the cost of these
technologies is high and their reliability is low. Thus, biomass gasification and
briquetting technologies are still in the research and development stage and far from
commercial utilization.

2.4. Geothermal energy

The total resources of geothermal energy in China  represent. about
3000 million tce, of which about 0.3 million tce have been utilized. Geothermal
energy resources can be divided into two types: high temperature (> 150°C)
resources, which are located mainly in the Yunnan province-Tibet geothermal zone
and in the eastern Taiwan geothermal zone; and low temperature resources.
However, it is difficult to use high temperature resources for rural economic
development. For rural areas, mainly the low temperature geothermal resources are
utilized; these are located in the northern part of China (Hebei and Beijing areas).
Geothermal energy is used mainly for heating of houses and greenhouses. The utili-
zation potential of geothermal energy depends on the availability of resources and
on the cost of drilling.

3.  GOVERNMENT PROGRAMMES FOR DEVELOPMENT -
OF RENEWABLE ENERGY RESOURCES '

3.1. Programme for development of improved stoves and biogas technology
to solve problems in connection with energy shortage in rural areas

In China, the housewife is the person mainly responsible for cooking and fire-
wood collection. In some rural areas, a housewife spends about 4-8 hours or
50-90% of her time for cooking and collection of firewood. The efficiency of stoves
can be improved by about 10-15 percentage points, and about one third of the
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cooking time and 50% of the time spent for firewood collection can be saved. During
the past 12 years, the Ministry of Agriculture has installed about 150 million efficient
stoves in rural areas. This programme not only helps save energy but it also gives
women more time for production and education activities. As a consequence of the
improved stove programme, the economic activities of women in some rural areas
have become an important source of income.

In China, biogas is not only used as fuel for cooking and lighting; its residual
liquid and sludge can also be utilized and thus its economic return significantly
improved.

In 1994, there were 5.3 million users of biogas digesters in rural areas and the
average biogas generation was 273 m* per household; compared with 1993, the
number of biogas digesters increased by 266 000. There were also over 600 large
scale projects which used organic sewage from industries and agriculture; they
supplied biogas to over 84 000 households in urban areas throughout the year;
the average biogas supply to households was 438 m* annually. In addition,
12 800 facilities used biogas for storage of grain, with a capacity of 126 kt; this
prevented the loss of 129 kt of grain. Seeds soaked in the slurry from biogas digesters
were sown on agricultural land of an area of 268 000 ha; the increment in grain
output was 130 kt. ‘

Biogas technologies can be used to treat sewage from townships; in 1993, there
were 24 800 biogas projects for sewage purification, which treated the domestic
sewage from 2.5 million people.

3.2. Development programme for small hydropower resources
for rural electrification

China has more hydropower resources than any other country, but only a
fraction of these resources has been developed. More than 5000 rivers in China have
catchment areas exceeding 100 km?. The total hydropower potential in China was
estimated at 676 GW. In addition, there are small hydropower resources with a
potential of 70 GW, of which approximately 21% are currently being utilized.
Compared with coal, which is abundant yet unevenly distributed, water resources are
more equally distributed in China. For instance, more than 1000 counties in China
have small hydropower resources. In the south-western region of the country, where
coal is scarce, there are about 70% of the total hydropower resources.

Small hydropower facilities are power stations with a total capacity of less than
25 MW, Because of their small size, their development can be adapted to the small
scale investment possibilities of rural areas. In the past ten years, the capacity of
small hydropower facilities has been increased by about 1 GW per annum; 20% of
the small hydropower resources has been exploited, whereas only less than 10% of
the large hydropower resources has been exploited.



IAEA-SM-338/22 147

The use of small scale hydropower represents one of the major measures for
rural -electrification. In China, rural electrification is implemented mainly in three
ways: (1) extension of the power network; (2) development of small scale
hydropower facilities; and (3) installation of small scale fossil fuel (mainly coal and
diesel) power generators. In the present situation, small scale hydropower
contributes about 20% of the total rural electricity supply (see Table IV).

TABLE IV. POWER RESOURCES FOR RURAL ELECTRICITY SUPPLY

. Electricity supply )
Electricit