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Abstract

Nuclear power is a proven technology which currently contributes about 16% to the
world electricity supply and, to a much lesser extent, to heat supply in some countries.
Nuclear Power is economically competitive with fossil fuels for base load electricity generation
in many countries, and is one of the commercially proven energy supply options that could be
extended in the future to reduce environmental burdens, especially greenhouse gas emissions,
from the electricity sector.

Over the past five decades, nearly ten thousand reactor-years of operating experience
have been accumulated with current nuclear power plants. However, nuclear power is
currently at a cross-road. There are no new nuclear power construction projects in most parts
of the world, except some countries in East Asia and Eastern Europe. The main issues are
economic competitiveness with cheap gas plants and public concerns on nuclear waste
disposal and safety. Strong economic growth and the shrinking of existing electricity over-
capacities could favour nuclear power. Since nuclear power emits no greenhouse gases to the
environment, its development could be further accelerated by a breakthrough in innovative
nuclear reactor technology development. Great attention also needs to be paid to the design
of new nuclear reactors, which are modularized and faster to construct, thus reducing capital
investment and construction period, and thereby improving their overall economics and their
compatibility with the infrastructure of, in particular, developing countries, where new energy
demands are expected.

This paper discusses the future world energy outlook, challenges for and progresses on
nuclear power; overview of new nuclear reactor technology development; and the role of the
International Atomic Energy Agency (IAEA) in the development of new innovative nuclear
reactors.
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1. INTRODUCTION

Almost 2 billion people around the world have no access to electricity and the problem
will worsen as the global population continues to grow. The World Energy Council's WEC
Statement 2000 points out that although global reliance on fossil fuels and large hydro will
remain strong through 2020, these will not be able to meet the world's long-term electricity
demand sustainably. As a consequence, WEC concludes that the role of nuclear power must
be stabilized with the aim of possible future extensions.

In the past 50 years, nuclear energy has grown from a new scientific development to
become a major part of the energy mix in over 30 countries. At the end of 1999, according to
data in the Power Reactor Information System of the IAEA, there were 433 nuclear power
plants in operation with a total capacity of approximately 349 GWe producing about 16% of
the global electricity. In addition, 37 reactors with a total capacity of about 31 GWe were
under construction. And about nine thousand four hundred reactor-years of operating
experience of nuclear power plants (NPPs) had been accumulated. During 1999, seventeen
countries relied on nuclear power for 25 percent or more of their electricity.

According to the long-term energy projections by several international organizations,
while global energy demand is projected to double in the next 50 years, electricity demand will
more than triple, because people want to use more convenient forms of energy when their per
capita incomes are growing. The new demand is mostly expected in developing countries. In
order that nuclear energy maintain or increase the role in electricity sector as well as non-
electric energy sector, nuclear energy needs to achieve better economic competitiveness,
greater confidence in nuclear safety and nuclear waste management. The challenges require
scientific and technical research and development not only to improve current nuclear reactor
and fuel cycle technology but also to develop new innovative concepts with higher efficiency,
lower cost and enhanced safety and proliferation resistant.

In recent years, there have been a growing number of international as well as national
level of initiatives and efforts to examine those issues. World-wide annual expenditures for
these efforts are currently estimated to exceed more than 2 billion US $. In this context, the
IAEA aims to facilitate the exchange of non-commercial information and co-operation on
technology development for improved new and advanced NPP design and fuel cycle
concepts. The IAEA, in particular, plans to provide an international forum for new innovative
reactors and fuel cycles in view of economic competitiveness, nuclear safety, nuclear waste
management and non-proliferation aspects.

2. FUTURE WORLD ENERGY OUTLOOK

Highly populated developing countries at present consume much less energy per capita
than do developed countries, and, if increased economic growth and improved standard- of-
living are to be achieved, energy use in developing countries will increase substantially.
World-wide urbanisation, allowing easier access to electrical distribution systems, together
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with the electrification of rural areas, will further contribute to a rapid increasing in electricity
demand, in particular, in developing countries. Several international organizations projects that
electricity demand grow more than triple in the next 50 years, while global energy demand be
double. The new demand is expected mostly in developing countries..

Global energy supply has been dominated by fossil fuels throughout the twentieth
century. Concerns about global environmental effects of fossil fuel consumption have
increased in recent years, most particularly with regard to greenhouse gas emissions, but they
are not expected to substantially curtail the consumption of fossil fuels. The projections of the
International Energy Agency until 2020 show that energy supplied by all three forms of fossil
fuels is projected to continue to increase, with the greatest increase expected in natural gas
consumption resulting from continuing deployment of combined cycle gas turbine electrical
generation plants. While fossil plant technology development will include means to reduce
emissions of greenhouse gases, the level of emissions envisioned by global environmental
conferences (e.g. a reduction from current levels) is unlikely to be achieved under this
scenario. Nuclear power, which currently makes a significant contribution to the reduction of
greenhouse gases, is predicted to remain at current levels or increase slightly through 2020,
thereby contributing a decreasing percentage of global energy supply.

3. CHALLENGES FOR AND PROGRESSES ON NUCLEAR POWER

Even though nuclear power is generally consistent with sustainable development goals,
further expansion of nuclear power faces public concerns on nuclear waste management and
political issues on potential proliferation of nuclear weapons. Another challenge is to further
strengthen the high level of nuclear safety, while improving economic competitiveness of
nuclear power, particularly in an increasingly open and deregulated electricity market. A
number of NPPs in many countries have already made a successful transition from a
monopoly, cost-plus environment to a competitive market. The experience to date shows that
safety and economic performance have improved in both privatized NPPs and those where
electricity markets are being opened to greater competition. NPP unit capacity factor in the
world has improved during the last decade by about 7 % which is equivalent to the building of
28 GWe of new NPPs.

Moreover, most existing NPPs are economic, particularly those which have had their
capital investments depreciated. Well managed NPPs, with their low fuel costs and steadily
declining operating and maintenance costs, are often among the least expensive power plants
to operate. This advantage has been sufficient to encourage the utilities to invest plant life
extension programmes. For example, Duke Energy of the USA received 20-year license
renewal for its Calvert Cliffs NPP units 1 & 2 in March, 2000 from the US Nuclear
Regulatory Commission ( US NRC ) for the first time in the USA. These NPPs now have
licensed operating life of 60 years. In this regard, US NRC has revised the way in which it
regulates operations of NPPs by means of performance based regulatory criteria, which
reduces the burden on the utilities or operators without compromising safety. About 40 % of
operating NPPs in the USA have indicated an intention to seek license renewals and the US
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NRC expects the figure to eventually reach 85 %. On the other hand, the new anti-nuclear
German government concluded an agreement with German utilities in June 2000 for an early
phase out of their 19 currently operating NPPs with an average lifetime of 32 calendar years,
while dosing less efficient NPPs sooner in order to run more efficient ones longer. Other
political initiatives by anti-nuclear governments in Western Europe focused on early termination
or closure of some Eastern European NPPs and on negotiations to implement the "flexibility
mechanism" under the 1997 Kyoto Protocol, which seeks to limit future greenhouse gas
emissions.

On top of public concerns on nuclear safety and nuclear waste management, the capital
intensive nature of NPPs has also contributed to bringing new construction to a minimum, as is
evident by only a handful of new construction starts over the past few years. Competing with
fossil and especially small gas units where an investment can often be recovered before a NPP
is even operational requires substantially shortening construction period that can be brought by
lower initial capital investment. Recent standardized NPPs with multiple units at the same site
have seen construction periods shortened considerably and operating costs reduced as well.
The French REP 2000 series is estimated to have led savings of 20% in capital cost and other
reduction of operating costs such as staff training and spare part storage. Such NPPs recently
commissioned as Kashiwazaki Kariwa units 6 & 7 (1,356 MWe advanced boiling water
reactors, BWRs) in Japan and Ulchin units 3 & 4 (1,000 MWe Korean standard PWRs) in
the Republic of Korea were built in less that 5 years, which resulted in significant reduction of
capital costs, comparing with some nuclear units in other countries where constructions have
been prolonged to even longer than 10 years.

Plans for geological repositories in several countries proceeded slowly, leading to re-
examination of national policies to identify nuclear waste management solutions that are both
safe and publicly acceptable. Greater attention has been given to the idea of placing nuclear
waste in deep underground repositories in a retrievable form, rather than permanent
irreversible solution, in order to accommodate easily in case a better solution is developed in
the future. The March 1999 opening of the Waste Isolation Pilot Plant (WIPP) in the USA
was an important step towards demonstrating geological disposal of long lived nuclear waste
700 meters deep in a natural salt formation. WIPP began to receive military transuranic
nuclear waste for permanent disposal from March 1999 while it plans to accept commercial
high level nuclear waste after 2010. In Sweden, a site selection for final nuclear waste
repository is expected in around 2007 after detailed geological investigations at 3 candidate
sites based on 6 proposals recently offered by 6 communities. In December 2000 the Finnish
Cabinet approved a proposal to build a final repository for spent fuel in a cavern near the
NPPs at Olkiluoto. If the Finnish Parliament approves the plan, construction will start in 2010
and operation will begin about 2020. The Canadian government recently offered to the IAEA
to use its underground research facility at Lac du Bonnet for co-operative international
research and training for demonstration for nuclear waste management. Other new research
and development (R&D) is also active in many countries, for example, to reduce actinide
generation or to transmute long lived nuclear waste to low or medium nuclear waste by using
an accelerator driven system (ADS).
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An increase in the number of countries with NPPs and nuclear fuel cycle facilities would

result in new and increased demands for safeguards against the diversion of nuclear materials
other than peaceful uses. Protection against the misuse or diversion of nuclear materials
requires both political and technological measures. As of 31 December 1999 the IAEA had in
force with 224 comprehensive safeguards agreements with 140 countries. For 46 countries,
additional protocols to their comprehensive safeguards agreements were concluded, among
which 8 where in force.

4. OVERVIEW OF NEW NUCLEAR REACTOR TECHNOLOGY
DEVELOPMENT

The WEC Statement 2000 also notes that, while in most industrialized countries the
short-term impact of regulatory reforms in a context of over capacity is to make new NPPs as
a less attractive option, this is not the case in developing countries where additional capacity is
needed, nor will it be so in industrialized countries 10 years from now. For that reason, the
WEC stresses that the nuclear option should be kept open with R&D devoted to both
evolutionary medium and large size NPPs and new innovative small size designs for markets
with less concentrated electricity demand, which might be more suitable in developing
countries. Innovative designs may require a pilot or demonstration plant as a part of R&D
programmes.

Considerable efforts are recently being made worldwide for development of new
reactor technologies: evolutionary reactor technologies mainly by reactor vendors and utilities;
and innovative designs mainly by universities and national or international research institutes.
The evolutionary design efforts center on improving today's generation of light water reactors
(LWRs) and heavy water reactors (HWRs). The innovative designs subsequently covered
include these two reactor types and also gas cooled reactors, liquid metal cooled reactors and
ADSs.

For evolutionary designs, there is a general drive for simplification, reduced construction
periods, larger margins to limit system challenges, longer grace periods for response to
emergency situations, improvement of the man-machine interface systems, and improved
maintainability. All evolutionary designs incorporate features to meet stringent safety
objectives by improving severe accident prevention and mitigation. Several evolutionary
designs have reached a high degree of maturity, and some have been certified by nuclear
regulatory authorities. In some cases design optimization feads to higher plant output to take
advantage of the economy of scale, while in other cases, economic competitiveness is pursued
through simplification resulting from reliance on passive safety systems. Recently, within the
US Department of Energy's (DOE) Nuclear Energy Research Initiative (NERI) programme,
inter alia, further advances in evolutionary LWR technology are being pursued, as this
approach represents the most likely means for near-term deployment of new NPPs.

Some 20 to 30 innovative reactor dssigns are under development in several countries
with goals of low capital costs, short construction periods, high performance and enhanced
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safety. Features to address proliferation resistance are also being pursued. Several of the
designs are of the small to medium size reactor (SMR) type, with construction based on
factory built structures and components including complete modular units for on-site
installation. For example, the Pebble Bed Modular Reactor (PBMR, 110 MWe gas cooled
reactor), preliminary design of which is due to be completed in April 2001, is proposed to be
built in 2 years in South Africa, mainly through factory-fabrication and on-site assembly of the
modules. Then the capital cost of the PBMR is claimed to be less than 1,000 US $ per
kilowatt.

Some innovative designs could additionally be used for co-generation of electricity and
heat, and for high temperature heat applications. Small and medium sized reactors (SMRs)
are of particular interest for non-electric applications. The BN-350 NPP, which was recently
closed down in Kazakhstan, had been used for many years not only for production of
electricity but for sea water desalination. And several reactors in Russia and Eastern Europe
are currently used for district heating. In Japan, nuclear sea water desalination facilities are in
operation with an accumulated 100 reactor years of operating experience, hi addition, due to
shortages of potable water in several parts of the world, a number of nuclear sea water
desalination projects are being studied. For example, in Russian Federation, a floating NPP
based on a 40 MWe KLT-40 reactor has been developed for multipurpose use including sea
water desalination. In the Republic of Korea, the basic design of SMART (330 MWth
integral reactor) is under way for sea water desalination as well as electricity production.

The long-term outlook for nuclear energy needs to be considered in the broader
perspective of future energy needs and environmental impact. In order for nuclear energy to
play a meaningful and significant role in the global and long-term energy supply in the 21st

century, innovative approaches are required to address concerns about economic
competitiveness, safety, waste management and potential proliferation risks. In recent years,
there have been a growing number of international as well as national level of initiatives and
efforts to examine those issues. At the national level, works on evolutionary and innovative
approaches to advanced nuclear reactor design and fuel cycle concepts are proceeding mainly
in advanced nuclear countries such as USA, Russian Federation and France. Worldwide
annual expenditures for this effort are currently estimated to exceed more than 2 billion US $.

At the international level, IEA, OECD/Nuclear Energy Agency (NEA) and the IAEA
have, since early 1999, jointly reviewed world wide ongoing R&D efforts on innovative
reactor designs and to identify options for collaboration. US DOE inaugurated in January
2000 a new R&D programme, the so called "Generation IV" programme and formulated the
"Generation IV International Forum GIF)", in which around 10 countries are invited to
participate as members and 2 international organizations ( IAEA and OECD / NEA) as
observers. In September 2000 the President of the Russian Federation, at the Millennium
Summit at the UN called for interested countries to pool their efforts and join in an
international project to be led by the IAEA for developing innovative nuclear power
technology to further reduce nuclear proliferation risks. Against this background and taking
account of its unique and global mandate dealing with nuclear technology, safety and



oooe
safeguards matters together, the IAEA established the International Project on Innovative
Nuclear Reactors and Fuel Cycles (TNPRO) to be implemented initially for 2 years from early
2001 to mainly focus on identification of selection criteria and development of methodologies
and guidelines for comparing different innovative concepts and approaches and to determine
user requirements. All interested Member States are invited to join to INPRO, which is
designed to complement other initiatives such as the US GIF.

5. CONCLUDING REMARKS

In conclusion, nuclear power alone may not ensure secure and sustainable electricity
supply worldwide, nor may it be the only means to meet the Kyoto Protocol regarding global
reduction of greenhouse gas emissions, but it should have an important role in both aspects
through technology innovations. The challenge for realizing revival of nuclear power option in
the 21st century is to address public and political concerns on economic competitiveness,
nuclear safety, nuclear waste management and non-proliferation and seek innovative solutions.
Fortunately there are recently many new initiatives to tackle these issues at both the national
and the international level. In order to avoid duplication of efforts, international co-ordination
and collaboration will be made through pooling of resources and sharing information.

In this context, the IAEA aims to facilitate the exchange of non-commercial information
and co-operation on technology development for improved new and advanced nuclear power
plant design and fuel cycle concepts. It also provides support to developing countries in
planning and implementing NPPs, and provides best practices for improvements in design,
construction, maintenance and operations of nuclear power and fuel cycle facilities. Another
important task is to promote the enlargement of non commercial technology know-how, as
well as the transfer and preservation of knowledge and competence in the areas of nuclear
power and fuel cycle. The IAEA also plans to provide an international forum for the co-
ordination of development of criteria and user requirements for new innovative reactors and
fuel cycles in view of economic competitiveness, nuclear safety, nuclear waste management
and non-proliferation aspects.
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