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1. The 2nd Scientific Forum of the International Atomic Energy Agency (IAEA) was held during
the 43rd General Conference. This paper summarizes the deliberations of the two-day Forum.
It was felt that presenting a chronological report of the Forum would result in a disjointed
discussion of the topics covered, since many of the topics were revisited in several sessions,
but from different points of view. Therefore, this report groups the presentations and all
discussions into each of the topics discussed, and attempts to consolidate and summarize the
views expressed. Sections I through IV form the main body of the report, which thus consti-
tutes a concise summary of expert opinion on the issues, and can be read as a self-standing
document.

2. The definition of "sustainable development" of the 1987 Bruntland Commission — "develop-
ment that meets the needs of the present without compromising the ability of future genera-
tions to meet their own needs" — provided the background for the Forum's debate whether
and how nuclear power could contribute to sustainable energy development. The framework
for this debate comprises different perspectives on economic, energy, environmental, and
political considerations. Nuclear power, along with all energy generating systems, should be
judged on these considerations using a common set of criteria (e.g. emission levels, economics,
public safety, wastes, and risks).

3. First and foremost, there is a growing political concern over the possible adverse impact of
increasing emissions of greenhouse gases from fossil fuel combustion. However, there is
debate as to whether this would have any material impact on the predominantly economic
criteria currently used to make investment decisions on energy production. Carbon taxes or
incentives for non-carbon fuels could significantly influence the relative economics of different
energy supply options, as well as the quantity and structure of energy use. Nevertheless, there
appears to be a common view that the demand for electricity will expand greatly. Globally
close to two billion people still have no access to electricity and the world's population
continues to grow. Increasing electricity demand in the face of growing pressures to reduce
carbon emissions is one rationale for nuclear power to be considered part of the sustainable
energy mix in situations where and when it is economically competitive.

4. According to the views expressed by experts during the Forum, the level of safety of existing
nuclear power plants is no longer a major concern — a view not yet fully shared by the general
public. The need to maintain the highest standards of safety in operation remains, especially
under the mounting pressure of competitiveness in deregulated and liberalized energy markets.
The industry must continuously reinforce a strong safety culture among reactor designers,
builders, and operators. Furthermore, a convincing case for safety will have to be made for
any new reactor designs.

5. Of greater concern to the public and politicians are the issues of radioactive waste and pro-
liferation of nuclear weapons. There is a consensus among technical experts that radioactive
wastes from nuclear power can be disposed of safely and economically in deep geologic
formations. However, the necessary political decisions to select sites for repositories need
public support and understanding about what the industry is doing and what can be done. As
to nuclear weapons proliferation, the existing safeguards system must be fully maintained and
strengthened and inherently proliferation-resistant fuel cycles should be explored.

6. Overviews of the future global energy demand and of the prospects for nuclear power in various
economic regions of the world indicate that, in the case of the OECD countries, the dominant



issue is economics in an increasingly free market system for electricity. For the so-called
transition economies, countries of the Former Soviet Union and Central and Eastern Europe,
the issue is one of managing nuclear power plant operations safely. In the case of developing
countries, the dominant concern is effective management of technology, in addition to
economics and finance.

7. The prospects for nuclear power depend on the resolution of two cardinal issues. The first is
economic competitiveness, and in particular, reduced capital cost. The second is public con-
fidence in the ability of the industry to manage plant operations and its high level waste safely.
There is a continuing need for dialogue and communication with all sectors of the public:
economists, investors, social scientists, politicians, regulators, unions, and environmentalists.

8. Of help in this dialogue would be nuclear power's relevance to and comparative advantages
in addressing environmental issues, such as global climate change, local air quality, and
regional acidification. Suggestions have been made for a globalized approach to critical
nuclear power issues, such as waste management, innovative and proliferation-resistant reactors
and fuel cycles, and international standards for new generation nuclear reactor designs.

9. The conclusion seems to be that there is a role for nuclear energy in sustainable development,
especially if greenhouse gas emissions are to be limited. Doubts persist in the minds of many
energy experts over the potential of the "new renewables" to fill the gap between a growing
energy demand, particularly for base load electricity, and the supply options in a carbon
emission-constrained world. There are some longer term issues that will need attention in
order for nuclear power to make a successful contribution.

10. Attracting young people to the nuclear field is critical to maintaining a strong and competent
industry. First, there is a continuing need for qualified people to operate existing plants safely
and at the highest levels of economic performance. Second, a start must be made in preparing
for the next generation of plants, which will differ from existing plants. There will be signif-
icant attrition from retirements in the next decade or two, providing the opportunity to bring
in young people with fresh ideas and the latest technologies. The industry needs not only
scientists, but more engineers and technicians, and it needs quality, not only quantity in its
human resources.

11. Finally, paraphrasing the Forum's rapporteur, the Scientific Forum was extremely well
attended and the presentations and debates were held in a very constructive and positive
manner. The participants came from a wide variety of national and international scientific and
research centres, international organizations, NGOs, and the nuclear industry. The freedom to
express individual views as opposed to rigid adherence to national positions was seen to be
fundamental to the success of the Forum. In addition, numerous suggestions for the IAEA to
consider in its future activities crystallized from the floor discussions and a concluding round
table debate. Among them were:

• initiating a more active role in sustaining nuclear skills and expertise for the long term needs
of the nuclear community and examining ways to stimulate education and knowledge preser-
vation;

• continuing to drive international co-operation and the free dissemination of information in the
nuclear field;



• exploring options for international waste management facilities and possibly studying the
business and legal aspects of regional waste management centres;

• continuing to establish, promulgate, and promote the implementation of safety standards;

• playing an important role with regard to the design certification of new generation reactors;

• contributing to the development of an appropriate profile for nuclear power in the energy
discussions in the United Nations milieu, such as at the Conferences of the Parties to the
United Nations Framework Convention on Climate Change (COP) and the United Nations
Commission for Sustainable Development (CSD); and

• continuing the scientific and technical debate on the future of nuclear power, preferably in
conjunction with the General Conference, including participants with a broad energy back-
ground, such as members from NGOs, trade unions, and industry.

The rapporteur's report to the General Conference was well received and was commended by the
General Conference. A number of Member States expressed satisfaction with the success of the
Scientific Forum.

2nd Scientific Forum. Credit: Dean Calma, IAEA.



The International Atomic Energy Agency (IAEA) Scientific Forum was established in 1998 to add
a degree of scientific and technical focus to the debate at the Agency's annual General Conference.
It was envisaged that the Scientific Forum would address various major scientific and technical
issues that have a direct influence and bearing on the Agency's programme of activities and would
examine new trends in nuclear matters of relevance to Member States.

The 2nd Scientific Forum was held in Vienna on 28-29 September 1999 and addressed the question
"Sustainable Development — A Role for Nuclear Power?" It was was attended by more than
200 people over the course of two days. The presentations and debates were held in a constructive
and positive manner. The participants came from national delegations attending the General
Conference and from a wide variety of national and international nuclear organizations, NGOs, and
the nuclear industry. There were some participants from outside the nuclear field, most notably
from international energy organizations. The freedom to express individual views as opposed to
rigid adherence to national positions was seen to be fundamental to the success of this initiative of
the Director General.

While the majority of keynote speakers were from the nuclear community at large, there were some
from the broader NGO and political community. The latter were divided over the prospects for
nuclear power. Those from the energy communities expressed the belief that nuclear power would
be necessary to provide needed energy for sustainable development in an energy-hungry world of
the future, while some from political communities felt that there was first a need to rectify past
problems and to deal with the gap between technical and psychological confidence. A broad repre-
sentation is important in such discussions. A mechanism for a scientific and technical discussion on
nuclear power among people who may have differing views is needed, particularly in view of the
growing world energy demand and the emerging issue of sustainability. Participation of represen-
tatives from the electricity utilities will be important in such discussions.

2nd Scientific Forum. Credit: Dean Calma, IAEA.
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The objective of the Scientific Forum was to provide scientific and impartial information to policy
makers in various Member States about the strengths and weaknesses of nuclear power to meet
future energy services/requirements in different world regions vis-a-vis other available energy
options. In many Member States, policy makers are increasingly challenged to determine responses
to issues such as potential climate change and sustainable development. They will have to defend
their national interests at international events such as the Conference of the Parties (COP) of the
United Nations Framework Convention of Climate Change (UNFCCC) or the 9th Session of the
United Nations Commission for Sustainable Development (UNCSD-9), which will be held in 2001
and will focus for the first time in UN history on energy and transportation issues.

With regard to the climate change issue, meeting the greenhouse gas (GHG) emission reduction tar-
gets as set out in the Kyoto Protocol, if the Protocol is to be ratified, countries who are Parties to
the Convention may be required to take important decisions concerning their preferred energy
strategies to comply with these targets over the next several years, and beyond. Because the
Protocol foresees flexible mechanisms, which allow emission reductions achieved beyond domestic
boundaries to be applied against a Party's commitment, all countries could be become participants
in the international effort to combat climate change1.

In most debates concerning sustainable development and GHG emission mitigation measures, the
focus has been on energy efficiency improvements, clean fossil technologies, land use, land use
change and forests (i.e. carbon sources and sinks), and the accelerated commercialization of renew-
able energy technologies. Nuclear power has generally been overlooked, in spite of the fact that it
currently obviates the release into the atmosphere of approximately 8% of global GHG emissions
and has the potential to play a greater role in the future.

The Scientific Forum was designed to assist policy makers from Member States visiting the
General Conference to formulate their position on issues related to future energy demand and supply
and the sustainability of energy options (including the nuclear option), while preparing their inputs
to COP-5 & 6 in 1999 and 2000 and CSD-9 in 2001. At the same time, the Agency sought guid-
ance for its own input to CSD-9 on the basis of an open and frank exchange of views with Member
States, as well as with other international organizations.

Since the nuclear power option for electricity generation is being actively debated between pro-
moters and opponents, with Agency Member States ranged on both sides, it was deemed important
for the Secretariat to understand the vision of experts from Member States with regard to the future
role of nuclear power and their perception of what important issues need to be addressed.

1 The Framework Conventions explicitly states that all Parties should contribute to the convention's objec-
tive based on "common but differentiated responsibilities and respective capabilities".



The Director General, therefore, posed the following questions in his opening remarks to the
Forum:

First, is the nuclear option getting a fair hearing? What can we do to enhance public understand-
ing of nuclear power? What should be the approach? Is nuclear power s potential contribution to
low carbon energy production enough to change public attitudes as global warming effects become
more apparent, or are the economics of the different energy sources more important? How can we
allay the concerns of the public with regard to the effect of radiation and the possible misuse of the
civil nuclear fuel cycle for military purposes, or the grave fears about a major accident?

Second, what can the nuclear industry do to be more competitive; is there a role for international
co-operation in this regard? What is the impact of increasing privatization? What role can innova-
tive technology and new fuel cycles play? How could we ensure that the full cost of different energy
options, including their environmental impact, are factored into comparative economic assessments?

And third, where should the focus be in terms of safety and waste management? In the general field
of safety, should it be on regulatory practices and human resources development, or more on
technological developments and in the specific field of waste? Should it be on developing agreed
safety standards, or on actual construction of repositories, or on new methods for waste manage-
ment, or on all of these? What are the weak points in the safety field? Again, what role is therefor
international co-operation?

2n d Scientific Forum. Credit: Dean Calma, IAEA.



The Forum was held as a series of three half-day sessions in which ten keynote addresses were
presented by international experts on the topics of interest. In a half-day Concluding Panel, twelve
participants made brief statements, following which was a general discussion period with questions
and comments from the floor.

Session I: Energy and Sustainable Development

Session II: The Nuclear Option in Perspective

Session III: The Future Role of Nuclear Power in Member States

Concluding Panel: Nuclear Power in the Energy-Environment Policy Debate and
the Role of International Cooperation

The detailed programme is shown in Appendix I.

This report summarizes the presentations and discussions held during the Scientific Forum and
does not necessarily represent the views of the International Atomic Energy Agency.



There is an explicit and an implicit acceptance of the definition of sustainable development used
by the 1987 Bruntland Commission, i.e. "development that meets the needs of the present without
compromising the ability of future generations to meet their own needs". A number of compatibility
criteria exists for sustainable energy development (i.e. energy supply and use) have to meet at least
the following six criteria simultaneously:

• Economic compatibility;

• Environmental compatibility;

• Intergenerational compatibility;

• Demand compatibility;

• Sociopolitical compatibility; and

• Geopolitical compatibility.

Increasing levels of energy-related environmental degradation in both industrialized and develop-
ing countries have led to the recognition of the need for improved energy options for sustainable
development. The primary objective is to provide affordable energy services worldwide, while
maintaining the stock of economic, ecological, and socio-cultural assets for future generations and
providing a safety net to meet basic needs and protect the poor.

Sustainable energy options may be identified using a comprehensive and integrated framework for
analysis and decision making that takes into account multiple actors, multiple criteria, multilevel
decision making, and many impediments and constraints. In the past, the principal planning objec-
tive of energy development has been to meet the anticipated needs at least economic cost and risk.
Today, environmental and social aspects also must be incorporated early at the regional and sectoral
planning stages, in order to ensure sustainable energy development. However, difficulties in valuing
certain environmental and social impacts of energy development and the large number of options
may require techniques of multi-criteria analysis (MCA), rather than conventional cost-benefit
analysis (CBA), to provide a range of feasible alternatives as opposed to one best solution. Meeting
different criteria optimally leads to "win-win" energy options that satisfy minimum levels of the
elements of sustainable development (i.e. economic, technological, environmental, and social).
These can be identified using MCA, and after having done so, the inevitable tradeoffs can be made
both between each element and the available sustainable energy options. In Sri Lanka, for example,
the power sector is using an MCA approach to improve decision making. Dealing with energy-
related environmental and social issues will require increased co-operation between industrialized
countries and developing countries. Developing countries have limited capabilities to address envi-
ronmental concerns, and their priorities focus first on local issues, then on regional, and lastly on
global ones. Industrialized countries need to enhance the flow of technical and financial resources
to provide positive prospects for energy development that will move the world on a path towards
more sustainable development.

All energy technologies have some environmental impact and risks and should be compared on a
consistent basis. For example, in terms of economic compatibility, the fossil fuels are very low
price, such that generally none of the non-carbon energy options can compete economically with
current technologies. In terms of environmental compatibility, the fossil fuels produce, in varying
degrees, carbon dioxide and pollutants, such as particulates and acid gases, which are responsible
for local and regional air quality degradation, while nuclear power produces virtually none of these.
Nuclear power, however, produces radioactive waste, which has to be managed properly.



In the broad context of energy and sustainable development, a useful review of the global energy
demand up to 2020 is found in two 1998 publications2'3 from the International Energy Agency (IEA)
of the Organisation for Economic Co-operation and Development (OECD). Using a business as usual
(BAU) analysis, global energy demand increases by 65% over the period, and fossil fuels continue to
dominate the world energy mix. Within the OECD, gas-fired electricity generation quadruples, while
globally it increases at the rate of 6% per annum and becomes the second largest supplier of elec-
tricity after coal. Renewable energy increases steadily, but remains at low levels. Nuclear power
remains static, with new plants in some areas compensating for older plants shut down in others.

Existing nuclear plants should fare well in a competitive market because their operating and fuel
costs are low. Those with continuing low costs will thrive; plants with high costs will have to shut
down. However, the outlook for new plants is more uncertain. Recent economic studies published
jointly by the IEA and the Nuclear Energy Agency (NEA) of the OECD4 show the current cost
advantage of fossil-fuelled electricity generation, and in particular, the strong competitiveness of
gas-fired Combined Cycle Gas Turbines (CCGT), when compared with new nuclear plants, which
have the main disadvantage of higher capital costs compared to those of fossil fuel plants.

The World Energy Outlook examines the impact of the Kyoto Protocol and concludes that about
half the emission reductions could be achieved by uniformly improving energy efficiency by 1.25%
per annum, or by a levy of US $250 per tonne of carbon. The other half would be achieved by sub-
stituting low- or zero-carbon energy options for coal burning plants.

In global terms, availability of energy does not appear to
be an issue in the time frame of the BAU scenario (2020)
and beyond. In fact, fossil fuel reserves are plentiful, and
resource availability is not likely to wean the global energy
system off fossil fuels. Rather, the primary concerns are
recoveries at affordable costs and the environmental impli-
cations of fossil fuel use. As to the economic sustainability
of fossil fuels, any prospective price increases for gas and
coal in this time frame have been factored into the analysis.
Thus the quadrupling of gas-fired electricity generation
indicates that there is no expected shortage of, or dramatic
price increase in, gas in the OECD. However, timely
investment in the infrastructure to service the expanding
markets will be critical and could lead to price volatility.

Electricity demand will continue to outstrip other types of
energy demand, because of its convenience, versatility, and
cleanliness at the point of use. Nevertheless, there are still
close to two billion people without access to electricity in
the world, representing an enormous growth potential.

2 World Energy Outlook 1998, IEA/OECD, Paris, 1998.
3 Nuclear Power, IEA/OECD, Paris, 1998.
4 Projected Costs of Generating Electricity — Update 1998, NEA/IEA/OECD, Paris, 1998.
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However, there is no societal consensus concerning the future role of nuclear power. Outside the
nuclear industry, nuclear power has not been positively mentioned by governments in the contexts
of the Kyoto Protocol for reducing greenhouse gas emissions or the sustainable development
debate. The stalemate that exists in many regions is partly because, in the face of low fossil fuel
prices and an increasingly competitive market, nuclear power is not competitive economically, and
partly because of public concern regarding safety, radioactive waste management, and proliferation
of nuclear weapons. Australia, Austria, Denmark, Greece, Ireland, and Norway do not have nuclear
plants and have political restrictions on plant construction. Belgium, Germany, Netherlands, Spain,
Sweden, and Switzerland all rely on nuclear power, but have decided not to build new plants or
intend to phase out nuclear power.

Over the longer term, the BAU scenario will not be realized in practice, and if commitments to
reduce GHG emissions are extended beyond the Kyoto time horizon, nuclear power could clearly
have a comparative economic advantage over fossil fuels. The IEA suggests that there is the poten-
tial for nuclear power to have a larger role in energy supply than currently proposed, because of
three increasingly important energy issues: sustainability, climate change, and electricity market
competition. Protection of the environment, particularly from climate change, is now emerging as
a key factor in the future energy picture.

The IEA indicates that in the next two decades, there will not be the dramatic technological break-
throughs that are implied in distributed, small scale nuclear electricity generation. The fundamental
application foreseen is in the use of large scale electricity generating plants.

Nuciecr Energy in ike OECD

The OECD has embarked upon a three-year project on sustainable development, aiming to present
the project to the OECD Ministerial Council Meeting in 2001. The NEA is preparing the nuclear
energy background for the project. The project will raise key policy questions for the OECD
governments. It will focus on the sustainable management of natural resources, focussing on instru-
ments available to policy makers to "get prices right." It will favour the creation and diffusion of
clean technologies. The project recognizes three key elements of globality, linkages, and participa-
tion for the formulation of successful policy. Governments cannot exercise sole responsibility. They
must involve other stakeholders, such as business, trade unions, and civil society.

In the OECD, nuclear power supplies 25% of the electricity from 367 Gigawatt (GW(e)) of capac-
ity. It absorbs the normal costs of waste management in its operating costs, and contributes an
8% reduction in global carbon dioxide emissions. The historical role of nuclear energy has been in
producing electricity, to diversify supply, give security of supply, and aid in technological and
industrial development.

In the OECD, the nuclear safety record is excellent and there is general satisfaction with the safety
level of operating reactors. This record must be maintained. But society is not as confident about
the ability of the current technology to handle the radioactive waste. The NEA is giving most
priority to geological disposal and places a lot of importance on the work being done in the United
States on the Waste Isolation Pilot Plant (WIPP) and the Yucca Mountain project.

Economic competitiveness is very important, particularly in the context of deregulation of the elec-
tricity market. The challenge is to reduce capital costs.



Nuclear power production is expected to be relatively constant in the OECD until 2010. Coal is
expected to be the major source of carbon dioxide emissions, giving nuclear power a relative
advantage in responding to the Kyoto Protocol, but natural gas is expected to be the real competitor
for electricity generation.

The NEA has analysed three scenarios for nuclear power production within the OECD over the
period to 2050. These are continual nuclear growth to 2050, a phase out completed by 2045, and a
stagnation followed by a revival starting in 2020. Each scenario shows significant contributions to
reducing GHG emissions.

OECD NUCLEAR POWER, GW(e)

Year

Continual growth

Phase out

Stagnation and revival

2000

367

360

355

2010

453

354

359

2020

569

257

54

2030

720

54

163

2040

905

2

466

2050

1120

0

1120

GtC*

200

55

100

Cumulative reduction in GHG emissions to 2050 in cubic Gigatonnes.

The analysis has shown that the three scenarios are feasible. In each, the construction rate of
nuclear power plants is feasible (the maximum rate is 65 GW(e)/year), the cumulative investment
requirements can be met, the siting of plants and fuel cycle facilities is possible, and the natural
resources for fuel supplies are available. Earlier estimates of global energy demand and possible
demand for nuclear construction, made by the International Nuclear Societies Council (INSC)5, are
consistent with the range discussed above. There is no technical impediment to building the
65-75 GW(e) of nuclear capacity envisaged per year by the NEA and the INSC.

An analysis of energy issues in Brazil gives an example of the potential role for nuclear power in
developing countries. In Brazil, electricity demand has been growing much faster than primary
energy demand and much faster than the economy. This is expected to continue well into the future.
The Brazilian power system, with a total installed capacity of more than 61 000 MW(e) is among
the largest of the world. However, due to large regional economic differences and development
patterns, the average electricity consumption in the country is only about 1900 kWh/capita, well
below that of developed countries. Part of the population is still not served with electricity.
Electricity development is one of the main tools used by the government to decrease large regional
differences. Some 95% of electricity generation is hydroelectric, due to substantial indigenous

5 "A Vision for the Second Fifty Years of Nuclear Energy", International Nuclear Societies Council,
published by the American Nuclear Society, 555 North Kensington Avenue, La Grange Park,
Illinois 60526, March 1996.



resources. However, hydro resources around the most developed regions of the country are nearly
exhausted, so thermal power will be used for expansion.

Nuclear power is viewed by utility representatives as an essential part of Brazil's sustainable develop-
ment plan. With one unit in operation (Angra 1), nuclear power accounts for about 1% of the total
installed capacity and electricity generation in the country. The second nuclear unit will start oper-
ation in 2000, and the third should start by late 2005. The Angra nuclear power plant is situated in the
load centre of the main developed region of the country. The IAEA has made an important contri-
bution to international co-operation, which has given Brazil the know-how to design, build, and
operate nuclear plants. The country also has the technology for nuclear fuel production.

Angra nuclear power plant in Brazil. Credit: FURNAS Centrals Electricas.

Environmental issues are becoming important worldwide. By the beginning of next century, all forms
of electricity production will be needed for sustained economic development. In this context, govern-
ments, including those in developing countries, have the moral obligation to utilize those energy
resources which have the lowest possible environmental impacts. Nuclear energy emits virtually no
GHG or acid gas. It does not emit carcinogenic, teratogenic, and mutagenic elements, gases, or parti-
cles that cause urban smog or depletion of the ozone layer. For all these reasons, nuclear power is
considered important for long term sustainable energy supply and economic development in Brazil.

For countries initiating a nuclear programme, some general guidance can be derived from Brazil's
experience. Nuclear power is a complex and capital-intensive technology. Hence to be competitive,
a nuclear power plant must be built in the shortest possible time and to budget. For this to be
achieved, a stable political climate should exist in the country. Local government must provide
continuous support. Timely availability of finance is essential.

Public perceptions of risks and waste disposal issues will continue to be the critical determinants
of of future use of nuclear power in any country. Complete transparency of the programme and



continuous public information are essential to gain public confidence. Communication programmes
should be established with key government officials, selected media, and opinion leaders. Local
and regional integration with municipalities and communities is very important. Highly qualified
human resources are key to the success of any nuclear power programme. Local engineering and
manufacturing companies should be integrated into the programme. Services and industrial surveys
should be carried out well in advance for good results and adequate national participation to be
achieved. In the case of Brazil, its partnership with German organizations within the general
Brazilian-German agreement have provided for all these needs.

Maximum safety and minimum environmental impacts should be the permanent targets of operational
and engineering personnel. Safety culture should permeate all levels of the utility organization.
Because large parts of the energy sector are being deregulated and privatized in many countries,
new challenges and opportunities are faced by the nuclear power sector. Nuclear power has to be
part of the expansion plan of a country, and not an isolated project only of interest for the nuclear
sector. All of these recommendations are based on Brazil's 20 years of experience and are relevant
to other developing countries, many of whom are convinced that nuclear power has an important
role to play towards a sustainable development.

Developing countries face common problems in technology transfer across different languages.
This requires considerable investment of the country's own resources in language training and
overseas postings to acquire and understand the technology. However, the investment can be well
rewarded, not only by the transfer of knowledge, but also by better understanding between people,
which is essential to success.

There appears to be a consensus among the experts from countries with experience in nuclear
power that it indeed has a very important role to play in the future, not only for industrialized
countries, but also for developing countries. Some developing countries have already demon-
strated nuclear power generation capacity and will face huge energy demands in the future. Others
are denied the supply of nuclear power plants and equipment. The attitudes towards these countries
may have to be reassessed, while recognizing concerns regarding the proliferation of nuclear
weapons.

The transition economies are defined as the countries of the Former Soviet Union (FSU) and of
Central and Eastern Europe (CEE). Following the Chernobyl accident, the Green Movement was
founded in Ukraine, dedicated to stopping further development of nuclear energy in that country.
At one time, there were a million people in the Ukraine Green Movement. The Movement demand-
ed, and eventually received, more openness from the Soviet Union on issues of radioactive
contamination, safety, and the influence of Chernobyl on the people's health. A severe lack of
energy and several extreme winters followed, and during this time the country relied heavily on
nuclear energy for its survival. Today, the Green Movement is somewhat divided. Greenpeace is
trying to stop construction of the new plants, and replace existing nuclear plants with gas plants.
The rest of the Movement is now small and focused on the safety of the existing plants. Many
former Greens have accepted nuclear energy, as a part of the existing reality. At the same time,
nuclear energy experts have learned from the Chernobyl accident and recognize that they cannot
afford to ignore public fears. On the eve of the 21st century, it is important to appreciate the role of
nuclear energy in the sustainable development of these countries.



In the CEE, most of the nuclear power plants have operated for more than half of their design life-
time. Operators must take measures to modernize these plants in order to extend their operating life,
not only to increase safety, but also because these countries face a deep economic crisis, which may
preclude large investments in new nuclear or non-nuclear electricity generating capacity. In many
CEE countries, nuclear energy accounts for more than 20% of total electricity production and is
essential to their economies and further sustainable development. National nuclear legislation in
these countries has changed to give much stronger emphasis to safety and environmental protec-
tion. The common approach is to harmonize requirements with those of the European Union and to
implement recommendations of the IAEA and OECD.

The CEE countries strive for sustainable economic development, based on the principles of a market
economy in the energy sector. However, the process of restructuring and privatization is different
in different countries.

On the one hand, nuclear power is an important element of a strategy to decrease GHG dis-
charges; on the other, for many people, the unresolved issues concerning the management of
radioactive waste casts doubt on the possibility of strategic increases in nuclear power generation.
Waste management is one of the most pressing issues for these countries. Up to the beginning of
the 1990s, spent fuel from all nuclear power plants was transported to the Russian Federation,
after a three-to-five-year period of cooling in storage pools. Now that this is no longer the prac-
tice, the pools are filling up, and some CEE countries have decided to construct national storage
facilities. CEE countries take an active part in international efforts for safe disposal of high level
waste.

Following Chernobyl, a top priority has been to revise the structure of emergency response. This
includes creation of national crisis centres, on-site crisis centres, environmental monitoring and
assessment systems, on- and off-site emergency procedures, and regional emergency training.

Nuclear power makes an essential contribution to national electricity production in CEE countries.
In the future, as existing plants reach the end of their design-life, consideration will be given to
advanced European and US reactor designs to replace them.

The Chernobyl accident presented the Ukraine and the world at large with the need to solve new,
extremely complex and comprehensive problems. These touch upon all spheres of human existence:
the political and social system; the economy; industrial development and the state of science and
technology; legal norms and laws; culture; and morals. At the same time, the Ukraine faced, and is
still dealing with, a drastic energy crisis. It was nuclear power that prevented a total economic
collapse.

The G7 countries and the European Bank for Reconstruction and Development (EBRD) concluded
that it would not be good to convert the Chernobyl plant to gas because Ukraine is already heavily
dependent on Russian gas. Thus, the Ukraine is determined to complete two more 1000 MW(e)
WWER type plants that are already partially built. The cost will be about 1.2 billion US dollars and
is expected to be financed by EBRD, provided that Ukraine restructures its energy sector. These
reactors could be in operation by 2003.

The remaining tasks are to close Chernobyl in 2000, ensure safety and reliability of the nuclear
power plants in operation, and complete the two units under construction. These tasks have the
support of the Ukrainian public.
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The Ukraine is privatizing six or seven electricity generating companies. The next step will be to
attract strategic investors for the Ukrainian energy sector as it moves towards normal European
economic development. The Ukraine has good relations with the Russian Federation in the
energy sector, exchanging energy, developing nuclear energy, and receiving supplies of Russian
gas and oil.

On-site simulator training at Paks nuclear power plant in Hungary is building
"safety culture" among staff and management at WWER facilities.

Credit: Paks nuclear power plant.

A full-scope simulator is used for training nuclear power plant operators at
the Balakovo training centre in Russia.

Credit: US Department of Energy.



Nuclear power can meet the compatibility criteria for sustainable energy development. Over the full
life cycle, nuclear plants emit considerably less carbon per kWh generated than do the fossil-fuelled
plants, and less than any other form of energy, including hydro, wind, solar photovoltaic, and bio-
mass. The waste generated from the operation of a nuclear plant is a very small fraction of that from
an equivalent fossil-fuelled plant, and it is all contained and managed, instead of being released into
the environment.

Resources of fossil fuel are plentiful, but finite, which eventually will limit the use of these fuels.
In contrast, technology is available that essentially decouples the nuclear fuel cycle from resource
depletion concerns. Thus, nuclear power meets the requirements of inter-generational compatibility,
and its use will not compromise the ability of future generations to have access to energy. Because
of the low volume of fuel required and the relatively small effect of uranium price on total gener-
ation cost, fuel inventories can be stockpiled to give strategic protection against fuel price volatility.
Doubling fuel prices translates into less than 10% increase for nuclear power, but 40% increase for
coal and almost 60% increase for gas. Oil prices have doubled over the last twelve months.

Similarly nuclear power has the capability to meet the requirements of demand compatibility,
sociopolitical compatibility, and geopolitical compatibility, although there remains much to be done
to demonstrate this conclusively to the public and political community.

Economics is the single most important factor in the choice of electricity generation technologies.
In recent years, the economic competitiveness of nuclear power has been undermined by the avail-
ability of low-cost fossil fuels, increasing energy conversion efficiency of modern, smaller size
CCGT plants, lower capital costs, and shorter lead times of small modular units. However, in the
majority of existing nuclear plants, the capital cost has been depreciated only to the point where
they have to contend with fuel and operational costs. Thus, most existing nuclear power plants are
fully competitive, even in a deregulated privatized market. Their operational output too, has improved
worldwide, from about 77% in 1990 to nearly 85% in 1998. Furthermore, in competitive markets,
there is an enormous incentive for corporate managers to protect their productive assets. Thus it is
not surprising that the trend is for the more competitive plants to be also those obtaining the highest
ratings in licensee performance.

By their nature, nuclear plants remain high capital cost and low fuel cost. At the other end of the spec-
trum, CCGTs have low capital cost, smaller size, short construction periods (quasi off the shelf), and
high fuel cost. The investor in a CCGT has recouped most of his investment before a nuclear plant
becomes operational. Future nuclear plants will have to follow the template set by natural gas. The
industry must move from construction of power plants to manufacturing, and change the cost pattern
from economy of scale to economy of volume. It must drastically reduce construction or installation
times, so that there is less interest accumulated before the plant comes into service.

The point has been made repeatedly in recent years that the nuclear industry must reduce capital
costs. The availability of capital cannot be taken for granted. Capital will go where the return is
best. While mechanisms to reduce GHG emissions may help the competitiveness of nuclear power,
it is clear that no government will take drastic tax action unless it has to, so the nuclear industry
should not count on this. Instead, the industry, itself, must face the challenge of reducing its own
capital costs.



Utility experts believe that 600 MW(e) nuclear power plant is the smallest economic size in
current designs. However, smaller units would be ideal for developing countries, such as Brazil,
if they were competitive. There is growing interest in smaller modularized nuclear reactors in
many countries, and the IAEA supports their development, especially of innovative small to medi-
um size reactors. The Agency also encourages the development of proliferation-resistant small and
medium sized reactors. The South African utility, ESKOM, hopes to start construction on its first
100 MW(e) pebble-bed reactor in 2001 with start up in 2003. The units are expected to cost
US $1000/kW(e) when commercialized. India has also focussed on smaller nuclear reactors, and
the latest 220 MW(e) unit has just begun delivering electricity to the power grid. These reactors
are competitive in India when power is needed at some distance from coal mines, and the relative
competitiveness improves over time because they are less sensitive to potential fuel price escala-
tion. As part of its future sustainable energy strategy, India attaches a lot of importance to nuclear
power.

In the US and Europe, the problem is that there is no market for the large, capital-intensive product
that the industry now offers; that market has disappeared. For example, although 18 000 MW(e)
electricity generation capacity has been ordered in the UK since 1990, none is in nuclear power; it
is all in small gas turbines. The industry must move to competitive, manufactured plants, such as
the one ESKOM is proposing. Some believe that, since there is so much good technology already
available, perhaps small water cooled reactors may be the answer.

Nuclear energy for heating, coal gasification, desalination, etc., has for many years been of marginal
interest, and discussion continues on the growing need for potable water in many areas of the world,
and of the production of clean gaseous fuels. However, the principal focus is clearly on electricity
generation.

There is a growing appreciation of the fact that the electric utility business is changing fast and
irrevocably. With deregulation, economic competition, and a potentially carbon-constrained world,
the business case for energy investments is completely different from what it was a decade ago.
How does nuclear power get back into the mainstream? Concern over climate change gives the
industry an opportunity to get its message across, but its ultimate future depends on being competitive
in the new electricity market environment.

Although there is broad agreement of the need for improved economics, many believe that the trend
will be towards smaller modularized, manufactured plants, while others favour large traditional
plants. Furthermore, the plants now under construction are already better and cheaper and are being
built faster than those of previous decades.

There is a strong consensus that innovative technologies should be aimed at reducing the capital
cost of nuclear electricity generation. The US is examining what programmes would be
appropriate for a "Generation 4" reactor. This will likely focus on simplification, standardization,
and mass production opportunities in a design that will be competitive, safer, easier for waste
management, and more proliferation-resistant. There is a good deal of interest in the similar
approach being taken in the South African programme for a pebble bed, high temperature, helium
cooled reactor.

While introducing a tax on carbon emissions would improve the economic competitiveness of nuclear
power, there is a general feeling that governments would have difficulty introducing such taxes and
that it would be unwise for the industry to count on them.



Clearly, there is a gap between technical safety and psychological confidence. Some believe that
industry should use a site (such as Yucca Mountain) as an underground storage site, where contin-
uing monitoring is done for as long as deemed desirable, and the material could be recovered if
needed. Over the last three decades, the industry has vacillated from 'disposal' to 'retrievable
storage' several times.

Nuclear waste disposal storage site at Forsmark nuclear power plant, Sweden.
Credit: Vadim Mouchkin, IAEA.

The quantities of waste generated are very small in comparison with those from fossil fuels, and
some of the material is of value in medicine, the food processing industry, and manufacturing. The
possibility of regional waste management centres has been suggested on several occasions. While
the technical and economic logic is very strong, the concept must face the reality that most people
do not want any waste stored near them, let alone any imported waste. Questions are raised regarding
the ethics of exporting waste.

It would be prudent to study the evolution of international approaches in dealing with nuclear safety,
non-proliferation, and economics and evaluate how such experience might be applied to develop-
ing a responsible, international approach to nuclear waste management.

A fully integrated international entity was proposed, notionally described as the International
Nuclear Waste Authority (INWA). Made up of representatives from all nuclear power nations, the
Authority would establish nuclear waste disposition standards, enforce the standards and execute
all financial and contractual arrangements for full scale global implementation. Its customers would
be all nations employing nuclear power at the time of INWA enactment and all nations that acquire
nuclear power after INWA enactment. INWA facilities would include regional interim monitored



retrievable storage sites, regional geographical repositories, regional reprocessing plants, regional
Integrated Actinide Conversion System (IACS)-type centres and internationally licensed trans-
portation casks. It was further discussed whether the IAEA may or may not be the appropriate entity
to establish the INWA, and noted that there is no other international agency currently in existence
with both the constituency and credibility necessary to develop the needed structure. Considerable
debate would be necessary to resolve the many issues involved in such an initiative. There are many
difficult political and sovereignty issues that would need resolution for such an initiative to reach
fruition. While some feel that this is over emphasizing the magnitude of the problem, which in
reality is orders of magnitude smaller than the toxic waste of other industries, others feel that such
a solution is essential for small countries. There is clearly recognition that the politics plays a large
role in the waste management issue.

Since, in the view of the NEA, the disposal of high level waste is the most pressing task, it has been
suggested that there should be R&D on partitioning and transmutation, as well as on geological
disposal. The NEA is doing this, but will not eliminate its focus on geological disposal.

In summary, there is a strong feeling that a way must be found to demonstrate a disposal operation.
Yucca Mountain and the WIPP may well be the breakthroughs required to move forward. While
other techniques, such as partitioning and transmutation should be evaluated, development and
demonstration will take decades. Furthermore, they will not destroy all the radioisotopes, and
disposal will always be needed, even in nuclear phase-out scenarios. Industry needs now to push
ahead.

Social Criteria

In the view of the NEA, the principal issue now and in the future is public perception, which is
based on safety, waste management, competitiveness, and non-proliferation.

From the technological, industrial, and economic points of view the development of nuclear power
has been a real success story. Currently, operating plants demonstrate that nuclear energy is economic.
There are no significant external costs associated with nuclear energy because in most countries,
the full costs of waste management and plant decommissioning will be funded from reserves accu-
mulated from current revenues6. This is generally not the case for other energy options. Yet, despite
excellent performance, certain political groups question the use of nuclear energy and suggest its
abandonment, creating a climate which leads to decreasing acceptance of nuclear energy.

A prerequisite for the revival of nuclear power is more successful communication with the public.
In the past, the industry was too arrogant, believing that the technology is too complex for the layman
to understand. Today, people want to be part of the decision. So a key ingredient must be to strive for
an open, honest, and transparent management of the industry. Public confidence will not improve if
there is any feeling that industry might have withheld information from the public or the authorities.

The industry must articulate the benefits of nuclear science and technology as a whole, just as it
must acknowledge and address the risks. If there are no perceived benefits, the public is not likely

6 A past external cost associated with nuclear power are the public RD&D funds for nuclear power devel-
opment.



to tolerate any risk. Pollution is evident and understandable. However, the carbon dioxide avoid-
ance argument will not be sufficient on its own; nuclear energy can only play its role if it is
competitive and safe.

In Western Europe, there is a clear contradiction between public and political views. On the one
hand, some governments are pushing very strongly for a phase-out of nuclear energy, because they
say that the risks are too high. On the other hand, public opinion polls carried out in the same coun-
tries show that a majority of the public is favourable to the continued operation of existing power
plants. In fact, public opinion polls are almost always more favourable than imagined, or than the
media and some politicians would have the public believe. For example, in Sweden, the govern-
ment has decided to shut down nuclear power plants. Yet, 80% of the Swedish public opposes such
action. In Germany, the government recently adopted a policy to phase out nuclear power, yet 70%
of the public supports continued operation. Similar levels of public support have been observed in
the USA.

Some believe that the industry does itself harm by constantly agonizing over perceived weaknesses
in public. Other industries do not do this. The experience of the past two decades shows that the
growth of nuclear power is totally dependent on favourable public opinion. To build up trust with
the public, industry must make sure that it operates facilities safely, solves the question of radio-
active waste disposal, and is as transparent and open as possible. It must use a language that the
public understands. The messages must show that the nuclear industry acts responsibly, following
the strictest safety standards, and that, thanks to nuclear energy, the air is cleaner.

The European nuclear industry, through FORATOM, has launched a communications programme
with the aim of convincing the public of the specific advantages of nuclear energy to meet world-
wide energy needs. This applies especially to the generation of competitive and environmentally
friendly base load electricity. The aim is to contribute to improving public perception of nuclear
energy and to act as an information clearinghouse for FORATOM clients and target audiences, with
a priority to Members of the European Parliament, the European Commission, the Brussels-based
media, the national fora, and the nuclear industry.

While there are some obstacles to good communications, there are also success stories. Frequently,
the majority of journalists appear to be against the industry, perhaps because of poor experiences
with industry communications in the past. When industry is fully open and builds trust, journalists
tend to be satisfied and back away. For example, the INES system of classifying nuclear events has
given the media a better appreciation of the degree of seriousness of a nuclear event. This infor-
mation now becomes available automatically without the media having to dig for it.The Swiss
industry did a good job by inviting the press to witness the entire operation in a spent fuel ship-
ment, from cask preparation to loading, shipping, and receiving. This was effective, and the press
had a completely different attitude about fuel shipments than before.

Unless the people who speak for the industry understand and have confidence in its performance,
the public will never be convinced. If the lawyer does not believe in his client, then neither will the
jury. Some believe that the majority of the communications experts who speak for the industry, do
not believe in it.

A different tack that has been suggested is to show heroes to the public. For example, in the USA
a special event is being planned to commemorate the 100th anniversary of Marie Curie's discovery
of polonium and radium. This outreach event, which will be on public display and used in schools,



has won the support of a number of colleges on the Texas A&M University campus, including fine
arts, agriculture, and education.

Some are of the view that achieving public acceptance will require a new technology — one that
can be defended as safer, more economic, more proliferation-resistant, and with simpler, less costly
waste management. Others feel that new designs should focus primarily on reduced cost, not
improved safety. There is no consensus on this issue.

However, there is general agreement that there is continuing need for the industry to be completely
open and honest and more communicative on any aspects of operation, particularly for events and
activities, which might conceivably be of concern to the general public. A number of experts, both
from within and outside the industry, have stressed this and urged that communications be broadened
to include other energy sectors, economists, investors, social scientists, politicians, bureaucrats,
unions, environmentalists, NGOs, and the public. The industry loses credibility if it is purely
reactionary, and only communicates in emergencies. It must talk with society all the time, or it loses
the right to speak.

Workshop on Good Communication Practices in East Asia. Credit: Hideki Mizuma, IAEA.



In the long term, fossil fuels are unsustainable, and most of the alternative renewable energies have
yet to demonstrate that they are suitable for large scale deployment. Fusion is not likely to be a large
scale energy technology of the 21st century. Although it has been argued that thermal reactors are
not sustainable in the long term, high-grade uranium reserves are comparable with those of fossil
fuels, and there are vast resources of low grade uranium. There is no fundamental problem of
resource availability for fission reactors, and economics will dictate which fuel cycles and which
reactors are employed at any given time, over the next century or two. Fast reactors have long term
potential for large scale sustainable energy development.

Fast reactors can be designed without a uranium blanket and have a high-boiling liquid metal
coolant. Such a reactor could be demonstrated to exclude severe accidents, such as prompt criticality
excursions, steam and hydrogen explosions and would support the non-proliferation of nuclear
weapons by phasing out uranium enrichment and eliminating the separation of pure plutonium. By
separating only the short lived or useful fission products and recycling all other elements, the unde-
sirable radio nuclides can all be transmuted, leaving a more environmentally manageable waste
stream. The characteristics of such a fast reactor are strongly appealing in terms of safety, resource
utilization, non-proliferation, and waste management. However, considerable work is still needed
to demonstrate technological and economic feasibility. Russia has offered to collaborate inter-
nationally to advance this concept, based on work already achieved and underway in its laboratories
on lead coolant technology, corrosion of nitride fuel and structural materials in lead, engineering
for a 300 MW(e) prototype, and a feasibility study for a commercial 1200 MW(e) unit.

The need to reprocess and recycle to make full use of uranium and to reduce the burden on the environ-
ment remains. Non-proliferation is an essential pre-condition to the ongoing use of nuclear power.

It is generally accepted that the coming years will not witness a sufficient increase in Europe's elec-
tricity demand to justify major new investments for the supply of base load power. Moreover, the
strong economic competition from natural gas and the political challenges in certain countries mean
that there will be very limited building of new nuclear power plants in Europe in the short term. A
similar pattern is expected in the United States.

The European nuclear industry is, nonetheless, organizing to maintain its ability to innovate, to expand
its export capacity, and to prepare for the renewal of the European nuclear power capability in the
medium term. This is a major challenge, and this is why the industry favours both the pursuit of R&D
programmes and the development of the pioneering European Pressurized Reactor (EPR) project.

There is a consensus in the NEA that each country will decide for itself what it will do in nuclear
energy, but that the NEA must, through international co-operation, contribute to maintaining the
nuclear power option, in case the option is needed by some countries. While nuclear capacity in
most OECD countries may be stagnant, Japan plans to build an additional 15 to 20 new plants to
increase its nuclear share of electricity generation from 35% to 45%. It is also difficult to innovate
when there is little investment.

In the future, no one will invest in nuclear power if it is not economic or if society will not accept
it, because investors will not tolerate long delays and the ensuing high costs. So a key issue is to



have societal acceptance. The emphasis on acceptance, however, changes if nuclear power is seen
to be essential for reasons of strategic supply (i.e. where a country has no energy resources).

The point has been made repeatedly that the world will need all kinds of energy options, including
efficiency improvements, to meet the demand. The question, then, will be not if nuclear power can
play a role, but how much.

0

The most critical infrastructure issue is maintaining and developing human resources. A successful
nuclear programme needs three essential elements, technology, financing, and qualified people. In
the short term, there is a continuing need for qualified people to operate existing plants safely and
at the highest levels of economic performance. Furthermore, a start must be made in preparing for
the next generation of plants, which will be different from today's plants. It is essential to attract
young people into the industry, because
there will be significant attrition from retire-
ments in the next decade or two. Young
people bring fresh ideas and the latest
technologies with them. The industry needs
not only scientists, but more engineers and
technicians and it needs quality, not quantity
in its human resources.

It has been observed that in the developing
countries, people who work in the nuclear
industry are highly respected and seen as
catalysts for high technology that the
country needs to improve its standard of
living.

It is natural that countries want to acquire
their own technology. However, the need
for developing countries to build a
complete infrastructure for nuclear R&D,
manufacture, and construction has been
challenged, and it has been pointed out that
countries buy modern, high-technology
commercial aircraft, without such infra-
structures. The vendor provides training
and the international regulation oversees
safety issues. Maintenance Training Centre (MTC) at

Paks nuclear power plant, Hungary.
Credit: Hungarian Atomic Energy Commission.

Technology does not stand still; it grows
or attenuates. Growth requires financial
resources and infrastructure. It will be difficult to maintain the infrastructure without growth.
Although there is no global pattern for growth in the nuclear power sector, the expected growth in
world electricity demand is four times the current capacity by 2050. There are close to 2 billion
people in the world who have no electricity services today.



Many experts have noted that international co-operation becomes more important as more and
more countries adopt nuclear power and need assistance to set up their infrastructure, including
training and regulatory systems. There is a need for international co-operation and the IAEA is the
appropriate entity to lead this. It was suggested that the IAEA could play a role in establishing an
international nuclear university (INU), and Korea has offered to contribute to the INU in organiza-
tion and in providing courses for developing countries. An initiative such as the proposed INWA
would also be a candidate for IAEA leadership.

The IAEA was urged to take a higher profile and move nuclear power into the world debate on
energy. The Agency has been invited to join with the World Energy Council in a partnership for the
future.
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Several common themes can be drawn from the 1999 Scientific Forum. The nuclear community at
large maintains that nuclear power can meet the criteria of sustainable development, and there are
compelling reasons why this is so. On the other hand, the nuclear industry offers a product that, at
least for now, customers do not fancy — again for good reasons. The following paragraphs
summarize the salient points, the pros and cons, discussed during the Scientific Forum:

1. Although other definitions have been used, the term "sustainable development" is generally
in the context of the definition of the 1987 Bruntland Commission — "development that
meets the needs of the present without compromising the ability of future generations to meet
their own needs". There is a growing political will to make energy use sustainable, and there
is growing political concern over the possible adverse impact of increasing emissions of
greenhouse gases.

2. Carbon dioxide, principally produced by energy use, accounts for over 60% of the enhanced
greenhouse effect. However, governments have not yet developed practical schemes to address
this issue. Social acceptability may differ from country to country. For example, a developing
country with an urgent need for additional electricity generation capacity may accept and give
priority to nuclear energy supply for economic development, while an industrialized country
may wish to switch priorities away from the traditional fossil fuels to alternative non-carbon
energy options.

3. Global energy demand by the middle of the 21st century is expected to be two to three times
the present level, because of population increase and economic development, particularly in
the developing countries. There will be a growing dominance of electricity, as the energy of
choice. Affordable electricity will be crucial in raising the quality of life for the close to two
billion people who still do not enjoy access to it.

4. Economics is the primary challenge for the industry. Electricity producers are buying new
fossil-fired power plants because the financial return is much quicker than on nuclear plants
or renewable energy plants. In real terms, the price of fossil fuels have decreased over the last
decade and are at a historic low. Furthermore, new small electric generators, such as CCGTs,
are cheap to build, and come into service within about two years. The nuclear industry has no
products that can compete in such market conditions. It needs lower capital cost plants that
can be brought on line quickly, if it is to regain market share. Unless it is successful in meet-
ing this challenge, there is a very limited future for nuclear power. The general consensus is
that the industry must move to standardized, manufactured plants, perhaps smaller in size, and
certainly capable of being brought on line in two or three years.

5. While public concern over reactor safety was at one time very high, that worry has now dimin-
ished significantly. Twenty years have elapsed since Three Mile Island, and there have been no
significant reactor accidents in 13 years since the Chernobyl accident. Progress on safety was
described as phenomenal by an energy expert from outside the nuclear industry. However, the
need to maintain the highest standards of safety in operation remains, since another serious
reactor accident would be severely damaging to the nuclear industry. The industry must con-
tinuously reinforce a strong safety culture among reactor designers, builders and operators.

6. Waste management is a fundamental concern of the public. It has been characterized as the
Achilles heel of the nuclear industry. While there is a strong technical consensus among inter-
national experts that deep geologic disposal of waste is safe, economic, and environmentally
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benign, there is political reluctance to select sites for waste repositories. Thus, the public per-
ceives that there must be a problem, and that the industry has not found a way to dispose of
its wastes. The fact that the quantities of waste are small in comparison to other energy wastes
is of little interest to the public. Rather, the fact that industry has not yet disposed of waste
leads to the public perception that it does not know how to do it. Effort must be focused, not
on more research, but on getting one or more demonstration repositories into operation for
testing, monitoring, and public exhibition. Moving forward by putting one or more reposito-
ries into operation must be a high priority for the industry.

7. Continuing attention must be paid to non-proliferation and the non-proliferation regime will
need to be strengthened as the use of nuclear power increases. Although primarily a political
issue, it could be further alleviated by the development of proliferation-resistant fuel cycles.

8. There is a continuing need for public dialogue and communication. In particular, the industry
must reach out to and communicate with civil society and politicians and also with investors,
social scientists, bureaucrats, unions, environmentalists, NGOs, etc. It loses credibility when
it fails to communicate except in emergencies. It must have a dialogue with society all the
time, or it loses the right to speak.

9. Attracting young people is critical to maintaining a strong and competent industry. First, there
is a continuing need for qualified people in operating existing plants safely and at the highest
levels of economic performance. Second, a start must be made in preparing for the next
generation of plants, which will differ markedly from today's plants. There will be significant
attrition from retirements in the next decade or two, which provides the opportunity to bring
in young people with fresh ideas and the latest technologies. The industry needs not only
scientists, but more engineers and technicians, and it needs quality, not quantity in its human
resources.

10. The question of sustainable development and the role for nuclear power needs to be exam-
ined from different perspectives using a set of agreed sustainability criteria (e.g. economics,
safety, risk, environment, energy). However, no conclusion was reached on how to judge
nuclear power in this context. While, like alternative energy options, nuclear power meets
some of the criteria better than others, the question of the inevitable trade-offs between the
criteria needs further scrutiny.

Throughout the Scientific Forum, experts strongly emphasized the importance of international
co-operation and the role of the IAEA as the world leader in the field. The IAEA was urged to
maintain, and where possible expand, its work in the following areas:

• disseminating information on new nuclear technologies to developing countries;

• training for developing countries;

• establishing, promulgating, and promoting the implementation of safety standards;

• evaluating small and medium reactors;

• improving public understanding of nuclear technologies; and

• fostering international co-operation in the nuclear field, especially with regard to waste
disposal.



The IAEA has been urged to stimulate and encourage:

• the development of a proliferation-resistant fuel cycle;

• the development of a certification regime for a new "world reactor"; and

• the appropriate matching of the reactor technology being transferred with the infrastructure
receiving it.

The IAEA is urged to initiate and take the lead in:

• broadening the energy debate to other fields and constituencies, such as other energy indus-
tries, investors, social scientists, politicians, bureaucrats, trade unions, environmental groups,
and other NGOs; and

• developing a higher profile for the role of nuclear power in the UN milieu, such as at the
UNFCCC process, including COP6, and the Commission for Sustainable Development,
particularly its meeting CSD-9 in 2001.

2nd Scientific Forum. Credit: Dean Calma, IAEA.
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ALWR Advanced Light Water Reactor

BAU Business As Usual

CBA Cost/Benefit Analysis

CCGT Combined Cycle Gas Turbine

CEE Central and Eastern Europe

COP Conference of the Parties to the UNFCC

CSD Commission for Sustainable Development (United Nations)

EBRD European Bank for Reconstruction and Development

EIS Environmental Impact Statement

EPR European Pressurized Water Reactor

FORATOM European Atomic Forum (a European nuclear industry trade association)

FSU Former Soviet Union

GHG Greenhouse Gases

G t Giga (1 000 000 000) Tonnes

GW(e) Gigawatt (1 000 000 000 watt) electric

IACS International Actinide Conversion System

IAEA International Atomic Energy Agency

IEA International Energy Agency of the OECD

INES International Nuclear Event Scale

INWA International Nuclear Waste Authority (proposed in Session II)

ISO International Standards Organization

kWh Kilowatt (1000 watt)-hour

LCI Life Cycle Inventory

LCIA Life Cycle Impact Analysis

MCA Multi-Criteria Analysis

NEA Nuclear Energy Agency of the OECD

NEI Nuclear Energy Institute (an American nuclear industry trade association)

NGO Non Governmental Organization

OECD Organisation for Economic Cooperation and Development

UN United Nations

UNFCC United Nations Framework Convention on Climate Change

WWER Russian design of Pressurized Water Reactor
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Opening Statement of ike Director General

I am pleased to welcome you to the 2nd Scientific Forum. The theme this year is "Sustainable
Development — A Role for Nuclear Power?".

Three decades ago, nuclear energy was considered
to be the energy of the future. But today, it is at a
cross roads and its future is in doubt. And while
accurate long term forecasts are difficult to make,
the projection is that — other things remaining as
they are — its share of global electricity production
will fall from 16% today to 10% by the year 2020.
In my view, public concern over safety, especially
concern about waste management, has proven to be
a major constraint not only on the construction of
new nuclear power plants but also on the continued
operation of some existing plants that are consid-
ered both safe and efficient. Moreover, in many
countries which are deregulating energy markets,
the relatively high initial capital costs of new plants,
together with concerns about economic competitive-
ness and public acceptance, have also been a signif-
icant factor in focusing investment elsewhere.

Against this background, the World Energy Council estimates that global demand for electricity
will triple in the next 50 years. And concern about global climate change is steadily growing, lead-
ing the industrialized countries to agree, under the Kyoto Protocol, to limit their greenhouse gas
(GHG) emissions and focus on sustainability. The question that presents itself is: where will all this
environmentally clean electricity come from? Because except for nuclear or hydro power, no other
source of energy is likely to meet the expected large scale electricity demands, satisfy the GHG
emission concerns and remain economically viable. Non-hydro renewable energy sources are
important, but they serve a different market from nuclear power — the rural development market,
for example — and by the year 2020 are expected to be producing only 2 to 5% of world electricity.

But although environmental concerns clearly provide a window of opportunity for nuclear power,
the projected declining percentage of the contribution of nuclear power to electricity generation
makes it clear that environmental factors alone will not be enough to trigger a resurgence. In my
view, even safety — by itself— is unlikely to guarantee such a resurgence. Nor is 'cheap' and com-
petitive nuclear power going to be enough. As I mentioned to the General Conference yesterday,
the nuclear power industry will have to consistently reflect three attributes — safety, competitiveness
and public support — in order to be assured of a long term future. Without public confidence, a plant
that is both safe and profitable will still face a doubtful future. If competitiveness is emphasized at
the expense of safety, this will, in turn, undermine public support. Given the importance of these
three attributes for the future of nuclear power, I wish to raise a few questions for your discussion:

First, is the nuclear option getting a fair hearing? What can we do to enhance public understand-
ing of nuclear power? What should be the approach? Is nuclear power's potential contribution to
low carbon energy production enough to change public attitudes as global warming effects become
more apparent, or are the economics of the different energy sources more important? How can we
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allay the concerns of the public with regard to the effect of radiation and the possible misuse of the
civil nuclear fuel cycle for military purposes, or the grave fears about a major accident?

Second, what can the nuclear industry do to be more competitive; is there a role for international
co-operation in this regard? What is the impact of increasing privatization? What role can
innovative technology and new fuel cycles play? How could we ensure that the full cost of different
energy options, including their environmental impact, are factored into comparative economic
assessments?

And third, where should the focus be in terms of safety and waste management? In the general field
of safety should it be on regulatory practices and human resources development, or more on tech-
nological developments and in the specific field of waste? Should it be on developing agreed safety
standards, or on actual construction of repositories, or on new methods for waste management, or
on all of these? What are the weak points in the safety field? Again, what role is there for inter-
national co-operation?

These are some of the questions that come to mind. And it is my hope that your discussions will
advance our collective ability to answer these questions. The provision of affordable energy in a
safe, secure and environmentally friendly manner is a prerequisite for sustainable development. I
hope this year's Forum will allow Member States to better evaluate the role of nuclear power as a
possible energy source in their pursuit of sustainable development goals.

I look forward to the Forum's report, which will contain a summary of your views as well as your
recommendations. It will be conveyed to the plenary of the General Conference.

With these remarks I hereby open the 2nd Scientific Forum.
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Mr. President,

As the Rapporteur of the 2nd Scientific Forum, I am very happy to present my overview of the work
of the Forum and the outcome of the discussions.

1. The Scientific Forum was extremely
well attended and the presentations
and debates were held in a very con-
structive and positive manner. The
participants came from a wide variety
of national and international scientific
and research centres, international
organizations and NGOs, and the
nuclear industry. The freedom to
express individual views as opposed
to rigid adherence to national posi-
tions was seen to be fundamental to
the success of this initiative of the
Director General.

2. The Scientific Forum was entitled "Sustainable Development: A Role for Nuclear Power?"
There were many views on what is meant by "sustainability", and clearly this differs depending
on the perspective of the person and the time frame being considered. Also at issue was whether
one is debating the sustainability of the nuclear power industry, or the broader subject of sus-
tainable development of the world (or country or city or village). In terms of the sustainable
development of the world, there were several presentations on the framework for the debate,
with different perspectives on economic, energy and environmental considerations. However,
no conclusion was reached about the bases on which to judge nuclear power in this context,
except for a strong feeling that there must be a common set of criteria (e.g. emission levels and
economics) for all energy generation systems. The question of the inevitable trade-offs between
the criteria was raised, but was not resolved. The issue of global climate change was extensively
discussed, and there were significant disagreements as to whether this would become the justi-
fication for nuclear expansion, or whether it would have any material impact on the predomi-
nantly economic criteria currently used. What emerged from the various presentations was a
common view that electricity use would expand greatly. However, there were vastly divergent
views on the role nuclear power would (or should) play in meeting this growth.

3. The discussions covered the role of nuclear power in three general time periods. Fundamental
to each of these, as pointed out by a number of speakers, and fully endorsed by all present,
was the continued maintenance of the highest level of nuclear safety globally.

4. The first period could be seen as the "nuclear power of today". In the case of the OECD coun-
tries, the dominant issue is the operational costs in an increasingly free market system for
electricity. For the countries of Central and Eastern Europe, the Russian Federation and the
Newly Independent States, the issue is one of safely managing nuclear power plant operations
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in "economies in transition", and in the case of developing countries, the dominant concern
is that of the effective management of technology.

5. The next period, "nuclear prospects for tomorrow", extending from the present until about 2020,
can be seen as the bridge that maintains the technology for future generations. It was generally
agreed that for there to be any prospects for nuclear power two issues must be resolved. The first
is public confidence — or at least public tolerance — particularly of an accepted solution to the
high level waste disposal. The second, and no less important, is competitiveness, in terms of
capital cost and construction periods. And, there are two related topics. The first is what the
appropriate linkages (through the marketplace or regulations, for example) should be between
nuclear power and environmental issues, such as global climate change, local air quality, and
regional acidification. The second is the desire to create a globalized approach to nuclear power
issues. Examples of this globalized approach were proposals for an International Nuclear Waste
Authority, an IAEA led initiative on innovative proliferation-resistant reactors and fuel cycles,
and international standards for new generation nuclear reactor designs.

6. The last period could be called "nuclear power for the future", running from about 2020
onwards. The principal issue here was the central role many felt nuclear has to play if green-
house gases are to be limited, given that half the available hydroelectric potential appears to
already have been exploited and doubts over the potential for renewables. Some projections
showed, however, that if nuclear power was indeed to assume this central role, uranium
supplies would be inadequate unless a closed cycle was employed. There was extensive
discussion on the proliferation potential this would generate.

7. There were many recommendations that were proposed at the Forum. Included were the
following:

• The IAEA should take an active role in sustaining nuclear skills and expertise for the long
term needs of the nuclear community.

• The IAEA should continue to drive international co-operation and the free dissemination of
information in the nuclear field.

• Given the importance of nuclear safety, the IAEA should continue to establish, promulgate
and promote the implementation of safety standards.

• The IAEA should play an important role with regard to the design certification of new
generation reactors.

• The scientific and technical debate on the future of nuclear power should be continued,
preferably in conjunction with the General Conference, and bring in participants with a broad
energy background, including members from NGOs, trade unions, and industry.

I would like to end my report to the General Conference by quoting the final words of one of the
speakers from the general debate of this week, which I think capture the mood of the Scientific
Forum: "When future generations look back 50 or 100 years from now, let them say that we seized
the opportunities rather than let them slip away."

Mr. President. In closing my report I would to thank the Director General very much for the oppor-
tunity to be involved in this exciting activity.

D.R. Nicholls, South Africa
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