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Abstract

Kyoto conference is setting the targets and limits for CO 2 emission. In the same time
energy consumption is increasing, especially in developing world. If developing countries
attain even a moderate fraction of energy consumption of developed countries, this will lead
into large increase of total CO2 emission, unless there is a strong increase of energy
production by CO2 non-emitting sources. Of two major candidates, solar and nuclear
energy, the second is technically and economically much closer to ability to accomplish the
task. The requirements for a large scale use of nuclear energy and the role of IAEA are
discussed.

Introduction

The effect of the so called greenhouse gases, i.e. gases which absorb and reemit long
wavelength thermal radiation from planet surface, on Earth climate has been known for a long
time. Arrhenius in 1896. estimated temperature increase of 4 degrees for doubling of
atmospheric CO2 concentration. He also, later, estimated that absence of CO2 in Earth
atmosphere would lower planet's surface temperature by 21 degrees, making it uninhabitable.

Climates on planets Mars and Venus provide clear confirmation of the greenhouse
effect. Atmosphere of Mars is very dilute CO2, with very small reflectivity. Temperatures on
Mars are consequently very low. Oppositely, very high surface temperatures, about 500 °C,
are observed on Venus, which has also almost pure CO2 atmosphere (97 %) but of high
density, and therefore of high reflectivity for thermal radiation. According to experts in the
field, the effect of CO2 on Earth climate is one of the best established theories in atmospheric
science.

A concern about the effect of human activity on global climate via greenhouse effect is
more recent, about 25 years or so, whilst higher degree of scientific community awareness of
the problem can be placed into mid eighties, when extensive report by US Department of
Energy has been published in 1985 (1). Additionally, public and scientific concern about the
effects of human activity on climate has arisen after Antarctic ozone hole discovery.

In the past twenty years a task of calculation of climate changes corresponding to
changes in concentration of CO2 and other greenhouse gases has been recognized as a
problem of enormous complexity. Geophysical data required for its quantitative resolution are
inadequately or partially known.
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Knowledge of atmospheric and ocean circulation is required, data on biological carbon
cycle and its temperature dependence as well as on albedo temperature dependence. With
inadequate data and limited calculational capability the predictions of climatological model
were given with considerable uncertainty. To illustrate the status of quantitative capability of
climate model in 1985, conclusions of the important Villach conference initiated by WMO
(World Meteorological Organisation) and UNEP (United Nations Environmental Program)
can be quoted:

• Most advanced experiments with General Circulation Model give increase in
equilibrium mean global surface temperature in the range 1.5 to 4.5 degrees for
doubling of atmospheric concentration of CO2 , or for corresponding increase of
other greenhouse gases. Because of the complexity of the climate system and
imperfection of climate model; inadequate account of atmosphere - ocean
interactions, and of clouding effects, values outside this range cannot be
excluded. Speed of climate change is determined by inertia of oceans, so the
equilibrium corresponding to CO2 doubling would be reached after several
decades.

• From the change observed in this century it is estimated that a temperature
change in the range of 1.5-4.5 degrees would cause sea level rise from 20 to 140
cm. Significant melting of Antarctic ice is not expected in the next century.

New and important knowledge about greenhouse effect has been added in the period
1985-90. Analysis of air trapped in Antarctic ice in depths up to 2000 m provided evidence for
temperature versus CO2 concentration correlation in the past 150 000 years. This, so called
Vostok core experiment, was the result of many years of ice drilling at the Soviet Antarctic
base Vostok and analysis of samples by Soviet and French scientists. Vostok core data also
indicate the presence of mechanisms which multiply the temperature changes corresponding to
CO2 concentration increase.

Further very important measurements were performed in the ERBE (Earth Radiation
Budget Experiment) project in USA. Important results obtained by satellites launched in
1984., 1985. and 1986. were based on two decades of development of satellite
instrumentation.

ERBE project produced data on Earth surface radiation heating and cooling and on
their imbalance dependence on latitude and position. Regions at low latitudes receive more
solar energy than polar regions. Outcoming thermal radiation from earth surface is more
evenly distributed. This leads to positive energy balance at low latitudes and negative in polar
regions. These energy imbalances between received and emitted energy drive atmospheric and
ocean circulation, whose knowledge is essential for climate modeling in the so called General
Circulation Model.

ERBE project has established that clouds provide negative feedback effect in climate
change and identified them as a major source of uncertainty in the three-dimensional climate
models.

Further progress in establishing sounder and wider data base came from the projects
initiated by World Meteorological Organization (WMO), as parts of World Climate Research
Program (WCRP), such as International Satellite Cloud Climatology Project (ISCCP) and
World Ocean Circulation Experiment (WOCE).

In order to review scientific progress, summarize conclusions and present policy
options, Intergovernmental Panel on Climate Change (IPCC) was established by WMO and
UNEP in 1988. IPCC has so far produced several reports and updates. Their first report
presented in 1990 estimated the global temperature rise in the range 1.3.-2.5 degrees by the
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year 2020. Later reports have displayed increased caution in view of the sensitivity of
computer models on the initial assumptions. Furthermore, another important factor in the
temperature equation was discovered; the cooling effect of sulphate aerosols. Relative to the
greenhouse gases, the effects of sulphate aerosols, resulting from coal burning, are local and
short term. Thus it influences industrialised Northern Hemisphere more than Southern
Hemisphere. The role of Antarctica is, however, still a source of dispute. Some scientists
believe that even if the main ice cap did not melt, the Ross Sea shelf might. This could have
unpredictable effects on the ocean currents around the continent. Others, such as the scientists
working since 1990 on the Sea RISE (Sea Level Response to Ice Sheet Evolution) research
program, believe that mass of Antarctic ice could grow with the increase of global
temperature.

However, these uncertainties are nothing that should be taken as comfort. They show
that we are playing with something we do not understand very well. But if we wait until we
are sure, and if it turns to be as bad as most scientists think, that would be very unfortunate for
mankind. The process of climate change has a long time constant; thus corrective measure can
have an effect only after many decades, even centuries. Mankind must therefore prepare in
time for unfavorable outcome.

The panel, IPCC, currently estimates that if the amount of CO2 in the atmosphere
were to double its preindustrial level of 280 ppmv (it is now about 30% above it), further
temperature increase between 1 °C and 3.5 °C by the year 2100 would be the result (2).

Attitudes of scientific community

A number of respected international organisations have noted the climate problem and
voiced their opinions. Out of the large number we present here only the "Appeal by American
Scientists to Prevent Global Warming" delivered in 1990 to then US President Bush by
President of Union of Concerned Scientists. It expresses clearly and with authority the attitude
of US scientific community: Appeal was signed by a large number of prominent American
scientists, including 49 Nobel Laureates and 700 members of National Academy of Sciences
and a number of other distinguished climatologists and physicists. The appeal supported by so
powerful group of scientists cannot be ignored:

Global warming has emerged as the most serious environmental threat of the 21st
century. There is broad agreement within the scientific community that amplification of
the Earth's natural green-house effect by the buildup of various gases introduced by
human activity has the potential to produce dramatic changes in climate. The severity and
rate of climate change cannot yet be confidently predicted, but the impact of changes in
surface temperature, sea level, precipitation, and other components of climate could be
substantial and irreversible on a time scale of centuries. Such changes could result in
severe disruption of natural and economic systems throughout the world.

More research on global warming is necessary to provide a steadily improving data base
and better predictive capabilities. But uncertainty is no excuse for complacency. In view
of the potential consequences, actions to curb the introduction of greenhouse gases,
including carbon dioxide, chlorofluorocarbons, methane, nitrogen oxides, and
tropospheric ozone, must be initiated immediately. Only by taking action now can we
ensure that future generations will not be put at risk.
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The United States bears a special responsibility to provide leadership in the prevention of
global warming. It is the world's largest producer of greenhouse gases, and it has the
resources to make a great contribution. A thoughtful and vigorous US policy can have a
direct, beneficial effect and set an important example for other nations.

The United States should develop and implement a new National Energy Policy, based on
the need to substantially reduce the emission of carbon dioxide, while sustaining
economic growth. The cornerstones of this policy should be energy efficiency and the
expansion of clean energy sources.

In addition to appeal, recommendations were given on ways to reduce CO2 emission:
• in traffic, by reduction of petrol consumption and by introduction of more convenient

fuels
• by increase of research support for energy saving technologies
• by development, comercialisation and wide use of alternative energy sources
• by nuclear energy program, with emphasis on health and safety, inclusive waste

disposal concept and nuclear proliferation safeguards.

Kyoto compromises and problems

From the mega meeting in Rio de Janeiro in 1992 (UN Conference on Environment
and Development) things have changed. Environmentalists adept in use of media have turned
the Rio Conference into a big media event. In this they have been very successful, but in the
same time this did not serve too well those whose primary concern was for environment rather
than for publicity. As a result of too much publicity, the conclusions and agreement were
written more for public announcements and effects than for serious environmental policy.
Stabilisation of CO2 emissions on the 1990. level by the year 2000 was agreed upon, without
specifying who will carry the burden, who will have to reduce emission, and how much.
However, New York 1992 agreement on Framework Convention on Climate Change opened
the road for advance.

Conference of the Parties to the Framework Convention on Climate Change held in
Berlin in 1995 should have produced proposals for specific measures required to fulfill the Rio
de Janeiro goals. However, attempt to turn general framework into specific measures and
obligations soon revealed differences and confronted interests strong enough to put a big
question sign over Rio de Janeiro targets (3).

A gap between North and South was evident. A group of Small Island States in
greatest risk from the sea level rise asked for 20% reduction in CO2 emission. This was not
supported by OPEC countries and by main industrial countries. Most of G77 countries
(developing countries) together with China wanted no new commitments: the global reduction
of greenhouse gases would have to come from the industrial world. This standpoint was
considered unreasonable by US, notwithstanding the clear statistical data which show emission
per head of the population in US to be about 10 times that of poor half of mankind.

Berlin discussions had an implicit lesson for future talks and agreements; that only an
agreement which would distribute the burden of emission control in proportion to emission
per head can be generally accepted. A right to develop, by what means are available, cannot be
denied to developing countries. Any limitation of greenhouse gases emission which would
slow development appears unacceptable to countries whose energy consumption and CO2
emission per head are only a small fraction of the figures for industrialized countries.
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Such was the international climate before the Kyoto Climate Change Conference,
attended by 159 countries. Some kind of agreement at Kyoto was reached only after formal
conference deadline has passed (4). It calls on America to curb its emissions by 7% no later
than 2012, the European Community by 8%, and the rest of developed countries by varying
degrees. Developing countries have been asked only to establish facts about their emissions.
The problem with this agreement, although it may appear to be some kind of a start, is that it
does not reflect any real consensus between rich and poor, North and South. Annex I of the
Protocol lists the 38 countries with specific obligations on CO2 emission, to reduce in 32
cases. The Protocol becomes obligatory when ratified by 55 countries, parties to Framework
Convention. Before Kyoto conference American Senate has stated that it will reject solution
that does not require that developing world takes a part of the burden. Thus Kyoto agreement
looks to be severely handicapped, even if it is ratified by American Senate, which is questioned
by many. Should it not be ratified than Kyoto could be a complete failure.

Party

Australia
Austria
Belgium
Bulgaria1

Canada
Croatia1

Czech Republic1

Denmark
Estonia1

EC
Finland
France
Germany
Greece
Hungary1

Iceland
Ireland
Italy
Japan
Latvia1

Quantified emission
limitation or reduction
commitment

108
92
92
92
94
95
92
92
92
92
92
92
92
92
94

110
92
92
94
92

Party

Liechtenstein
Lithuania1

Luxembourg
Monaco
Netherlands
New Zealand
Norway
Poland1

Portugal
Romania1

Russian Fed.1

Slovakia1

Slovenia1

Spain
Sweden
Switzerland
Ukraine1

United Kingdom
USA

Quantified emission
limitation or reduction
commitment

92
92
92
92
92

100
101
94
92
92

100
92
92
92
92
92

100
92
93

CO2 emission limitation or reduction commitment, 1990 reference year Kyoto Protocol

If may be salutary to recall the past rhetoric versus reality. At Toronto in 1988 a target
was adopted to reduce CO2 emissions by approximately 20% by the year 2000. So far CO2
emission has increased by about 16%. In 1992, Rio conference set a target for industrialized
countries to return to their 1990 levels of CO2 emission by the year 2000. Since 1990 OECD
emission has increased by some 8%. As for the future, World Energy Council (WEC) low to
medium forecast is that global use of electricity will increase from 1990 levels by 50% to 75%
by 2020. In agreement, International Energy Agency (IEA) projects CO2 emission in 2010 to
be in the range of 36% to 50% above the 1990 level.

1 Countries that are undergoing the process of transition to a market economy, reference year optional
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Can Kyoto accord be saved?

Any naive and simple optimism about the conflict between industrialised and
developing countries is out of place, because it is caused by some general facts of distribution
of wealth and resources amongst the nations of the world. Let us give some illustrations.

In 1992 2/3 of world population shared with only 1/4 in energy consumption.
Developed 1/3 of world population used 3/4 of energy, with corresponding share in global
CO2 emission. To be more specific we can look at the figures for CO2 emission per head of
population (World Watch Institute).

US
Russia
Germany
Japan

18.4
11.6
10.5
7.8

Mexico
China
Brazil
Nigeria
India

3.4
2.4
1.4
1.0
0.7

CO2 emissions per head of population (tons/person)

If China and India, with total population in excess of 2 billions, were to rise their
annual energy consumption per head to one quarter of the American figures, assuming use of
coal plants, this would result in some 5 billion tons of additional CO2 emissions.

Since total US CO2 emission is on about this scale, American concern about
developing countries sharing the burden is easy to understand. US reduction would mean very
little when compared with such increases. Although assumed consumption increase in
developing countries will not take place by 2010 or 2012, it will take place, as it must, if later.
Their right to development cannot be denied. So both sides have justifications and arguments
for their positions. The seriousness of situation can be understood by reference to IPCC
calculations of correlation between annual CO2 emissions and of CCb atmospheric
concentrations. Atmospheric concentration would continue to grow for a very long time, up to
several hundred years, even should the current CO2 emission be stabilized. From the
preindustrial level of 280 ppmv, CO2 concentration has currently reached the level of about
360 ppmv. To attain stabilisation of atmospheric concentration at any level below 750 ppmv,
CO2 emission in the long run must fall below 1990 level. To stabilise concentration at 650
ppmv, which is more than double preindustrial level, CO2 emission peak in 21 century should
not exceed 11 billion tones of carbon. Total anthropogenic emission in 1990 of approximately
8 billion tones of carbon, leaves clearly little room for both development and population
increase. Should we than conclude that solution does not exist, until the date when it may be
forced by much more evident proofs of the problem through increased use of nuclear energy,
on the line of proposals by American scientists in 1990.

Can nuclear energy help?

From the technical point of view this is not a question. If present 400 plus nuclear
reactors producing electricity were replaced by coal fired plants, this would give rise to
additional emission of about 1600 million tons of CO2. So, nuclear energy is already giving a
contribution to CO2 emission reduction which is not small even compared with 4000 million
tones which the 1988 Toronto Conference on the Changing Atmosphere recommended as a
target reduction for 2000. It is also not small compared with our estimate of additional
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emissions from China and India, on their way to development. But the question we must ask
is: can we imagine such intensive nuclear development in countries like China, India,
Indonesia, Brazil, Mexico, etc.?

When we ask the question on possible contribution of nuclear power to the energy
production in developing countries, we must first note that nuclear power has so far
contributed very little to energy needs of these countries. By far the largest part of 430 or so of
commercial power reactors are located in developed countries, and only occasionally in
developing countries closely associated with developed nuclear countries.

Very briefly reasons can be given:
1. Nuclear power stations represent capital intensive, complex new technology for which

most developing countries are technologically and industrially not well prepared.
2. Unresolved political differences between two nuclear superpowers resulted in the past that

nuclear proliferation considerations gained increasingly more weight over the idea "Atoms
for Peace" of early fifties, intended to help wider use of nuclear energy.

Clearly, in times when CO2 emission is becoming the main environmental issue of the
future, refusal to asses objectively the present status and the potential of fission energy for
mitigating global warming would be bordering on irresponsibility. On the other hand,, just to
recognize its positive potential will also not suffice.

From the technical and technological point of view, various more immediate, or long
term measures can be visualised which would deal with weak infrastructure and developing
industry. Smaller plants would be useful, perhaps also of shore or inside plants positioned or
built to sell electricity to the host country. However, the technical problem is not the main one.
This can be corroborated by looking again on the examples of China and India. Both countries
have been and are building nuclear power stations. They posses scientific and technical
capabilities for acceptance of nuclear technology; no major problems should be expected.

The limitation comes from the lack of capital - a problem for any developing country.
Large nuclear power plants cost typically one billion USD more than a coal power plant. A
country with large reserves of coal will not select the option which in conditions of scarcity of
capital must inhibit its development. Selection of nuclear option in order to control CCb
emission, a sacrifice at the expense of other development, cannot be asked or expected, from
the countries whose emission of CO2 per head of population is very small compared with
industrialized countries.

However, should international financing cover the cost differentials between nuclear
and coal plants, countries like China or India could opt for large nuclear programs without
sacrificing their overall development.

To finance replacement of planned coal power plants with nuclear, on the level of 10-
15 plants per year, would require 10-15 billion USD annually. The scale selected is one which
would make an impact on CO2 emission if continued over several decades, and which is
within capabilities of world nuclear industry. Financing on this scale would be a task for major
world financial organisations such as World Bank and others.

In view of the fact that this coal replacement scheme would be motivated by global
environmental interest, rather then by the interests of particular developing country,
supporting credits should have non profit interest rates.

It would be very interesting to compare these sums with the estimates of the cost of
reduction of CO2 emission for the countries listed in Kyoto Protocol.

Estimates at present give wide range of results reflecting the range of assumptions. For
OECD countries macroeconomic models suggest cost for substantial reduction below 1990
emission level as high as several percent of GDP. For specific case of stabilizing emissions at 1990
levels, most studies estimate that annual cost in the range of - 0.5 % of GDP (equivalent to gain of
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60 billion USD at 1995 GDP level), to 2% of GDP (equivalent to a loss of about 240 billion USD)
could be reached over next several decades (5). Taking, for the sake of discussion, mid-range value
of 90 billion USD as the annual cost for reducing and keeping emissions in OECD countries at the
1990 level, we could accept the nuclear replacement for planned coal power plants in developing
countries as a cost effective way of global CO2 emission control.

Of course, it is not implied that nuclear reactors are the only possibility to produce energy
without CO2 emission. Solar and wind energy, perhaps also some other sources, have their place,
and, hopefully, larger future share in energy production. Any contribution will be welcome.
However, even the most optimistic estimates cannot foresee main part of the future consumption
covered by wind and solar energy. This cannot be claimed for nuclear power either, for many
decades at least. Contribution from all these sources will be required to expand world energy
production while controlling CO2 emission. The point here is that present and possible future
contribution from nuclear energy should not be ignored. Its potential, as a technically and
economically proven and immediately available source, should be clearly presented by nuclear
community to all concerned.

IAEA should take the initiative

We believe it to be fully within the mandate of IAEA and its basic tasks as given by its
Charter:
1. to state with full publicity and to inform UN Assembly and other relevant organisations

and bodies, such as WMO, UNEP, IPCC and others about the potential of nuclear energy
to reduce CCb emission. It should also be made clear that reduction of CCb emission by
nuclear energy would not create other risk to environment.

2. to make the study of all important technical aspects of a large scale program of
replacement of planned fossil (coal) plants with nuclear power plants. A program which
should have a serious impact on CO2 emission, reduction of at least 1-1.5 billion tons a
year, would require annual replacement of 10-15 000 MW(e) of planned coal plants with
nuclear power plants, over the time span of several decades. Figures are selected so as to
indicate the program scale large enough to have serious impact on CO2 emission and still
within present capabilities of world nuclear industry. More realistic scenaria should be the
subject of proposed study. A study should consider technical, manpower and
infrastructural requirements in the countries candidates for replacement schemes:

• to evaluate the capital required to cover cost differentials between coal and nuclear power
plants, assuming specific annual construction rates and specific financing dynamics and
parameters.

• to consider organisation forms of technical and financial management of the program.
• to present the report to UN Assembly and inform other relevant organisations. The report

should include proposals about the possible organisation and management forms.

Clearly, the recipient countries willing to participate in the program would have to be
NPT signatories and would have to accept the present and future proliferation safeguards. But,
it would not be an one-sided obligation, as it was for too many years. For IAEA the fossil
plants replacement program would mean greater accent on its initial mandate, i.e. to support
peaceful use of nuclear energy outside of nuclear weapon countries.
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To develop proposal, define targets and strategy, to prepare implementation must take
few years. But if, in few years, present uncertain predictions of harmful effects of CO2
emission become certainty, it will be excellent to have a plan for action in preparation. IAEA
could initiate it and thereby do a service to all.
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