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Abstract. Nuclear energy plays an essential role in avoiding greenhouse gas emissions. The contribution of
nuclear power to electricity supplies has grown rapidly since the 1970's. As of July 2000, 432 power reactors
were in operation in 31 countries. Nuclear power provided some 2300 TWh. This is about 17% of the world's
total electricity, or 7% of total primary energy. This contribution avoids the emissions of about 2300 million
tonnes of carbon dioxide annually, assuming that it would otherwise be provided mainly by coal-fired plants.
This represents nearly one-third of the carbon dioxide presently emitted by power generation. Since electricity
generation accounts for about 30% of all anthropogenic carbon dioxide emissions, total emissions would be
about 10% higher if it were not for nuclear power. In contrast, the objective of the Kyoto Protocol is to reduce
greenhouse gas emissions in industrialized nations by 5% by 2008-12 compared to a 1990 baseline. In order for
atmospheric greenhouse gas concentrations to be stabilized at a sustainable level, it will be necessary to reduce
emissions by around 60% from the 1990 level. Advocates of a policy of "convergence and contraction", where
developed and developing countries are to be allowed similar levels of emissions on a per capita basis, state that
developed countries may have to reduce emissions by as much as 80%. Nuclear energy will make a significant
contribution to meeting the world's future electricity demand while helping reduce greenhouse gas emissions.
However, the scale of that contribution will be strongly influenced by the way in which this contribution is
recognized in national and international policies designed to tackle climate change. The debate continues to rage
over the science of climate change: is climate change the result of human intervention or is it a naturally
occurring phenomenon? The majority of scientists involved in this debate would agree that enhanced global
warming, as witnessed in recent years, has come about as a result of the massive explosion in greenhouse gas
emissions since the beginning of the industrial era. This paper will give an overview of the institutions and
organizations involved in the international climate change negotiations. It will describe the political positions of
different countries on their perceived role of nuclear power in mechanisms designed to reduce greenhouse gas
emissions. The paper will also give an insight into the financial impact of assigning a value to carbon emissions
and how that might change the relative economics of nuclear power in comparison to fossil fuel generation.

1. T H E D E V E L O P M E N T OF INTERNATIONAL POLICIES ON CLIMATE C H A N G E

The Intergovernmental Panel on Climate Change (IPCC) was set up in 1988 by the World
Meteorological Organisation and the UN Environment Programme (UNEP) to produce scientific
information on climate change to assist policy makers in addressing the growing concerns about
climate change. The IPCC published its First Assessment Report in 1990. The report confirmed that
climate change was a threat and called for a global treaty to address the problem. The UN General
Assembly established an Intergovernmental Negotiating Committee (INC) to negotiate such a treaty.

In 1992, the INC adopted the United Nations Framework Convention on Climate Change (UNFCCC).
The Parties to the UNFCCC have adopted the long term aim of stabilising greenhouse gas
concentrations in the atmosphere at a level that would prevent dangerous changes in the climate. This
has been done in a way that is consistent with continued economic and social development. The
challenge for energy supply over the next 50 years, therefore, is how to meet the rapidly growing
demand for energy services from a growing population whilst limiting greenhouse gas emissions.
Some 180 governments and the European Union (EU) are Parties to the Convention. Parties meet at

1 This paper is based on "The Influence of Climate Change Policy on the Future of Nuclear Power", Jonathan
Cobb, The Uranium Institute 25th Annual Symposium, 30 August-1 September 2000: London.
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an annual Conference of the Parties (COP) to review the implementation of the Convention.
Additional intergovernmental meetings of various subsidiary bodies are also held each year.

The Convention divides countries into Annex I and non-Annex I Parties. Annex I Parties are
industrialized countries that were members of the Organisation for Economic Co-operation and
Development (OECD) in 1992 and countries with "economies in transition" (EIT). The EIT countries
include the Russian Federation, the other former Soviet Republics, and certain other Central and
Eastern European countries. Non-Annex I Parties are the developing nations.

Annex I Parties were committed to adopting national polices that would stabilize greenhouse gas
emissions at 1990 levels by 2000. However, this was a non-legally binding aim and few countries
have actually achieved this target.

The Annex I Parties that were members of the OECD in 1992 are also Annex II Parties. These Parties
have an obligation to provide "new and additional financial resources" to developing countries to help
them tackle climate change. Annex II Parties are also required to facilitate the transfer of technologies
that can help tackle climate change to both non-Annex I Parties and the EIT countries.

At the first Conference of the Parties (COP 1), held in Berlin in 1995, Parties decided that the
commitments taken on by Annex I Parties in the Convention were not sufficient, and they agreed to
develop further commitments. The culmination of the negotiations that followed was the Kyoto
Protocol, which was adopted at COP 3 in Kyoto at the end of 1997.

The Kyoto Protocol commits Annex I Parties to legally binding targets to limit greenhouse gas
emissions. The overall effect of these limits would be to reduce these emissions by 5% by the period
2008-12, compared to 1990 levels. Individual countries have been set specific targets, ranging from an
8% cut to a 10% increase in emissions. The one exception to this allocation system is the EU, which
has been given an overall target of an 8% reduction in emissions. EU member countries have reached
an internal agreement on the allocation of individual country targets to achieve the overall EU target,
thus forming the EU bubble.

Over 80 countries have signed up to the Kyoto Protocol. However, few of the major emitters have
ratified it. Therefore the Protocol has not entered into force and the emissions targets are not legally
binding. For the Protocol to enter into force, it must be ratified by 55 Parties to the Convention,
including Annex I Parties accounting for at least 55% of 1990 carbon dioxide emissions.

Many countries are waiting to agree the operational details of the Protocol before they ratify the
Protocol. Considerable progress on the negotiations to develop these operational details is hoped to be
achieved at COP 6 in The Hague in November 2000.

2. THE KYOTO MECHANISMS

The Kyoto Protocol established three "Mechanisms" to help Annex I Parties reduce emissions. The
three mechanisms are known as emissions trading, joint implementation (JI), and the clean
development mechanism (CDM).

Emissions trading would involve the purchase of a proportion of one Party's quota of emissions by a
second Party. The Protocol states that the COP will develop the rules and guidelines that will allow
Parties to carry out emissions trading. At present the Protocol only deals with emissions trading
between Parties. However, it is likely that systems will be put in place to allow legal entities (e.g.
companies) to participate. It is assumed that the legal entities will be emitters: the nuclear industry
'avoids' GHG emissions hence the industries' participation in emissions trading is not immediately
clear and will, in many cases, be dependent upon national climate change strategies.
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While an international emissions' trading scheme operating under rules set out by the COP may be
some years off, some national emissions trading schemes are currently being developed. Some of
these schemes are being developed in co-operation with business and industry. It is important that
companies in the nuclear sector participate, where possible, in the development of these national
schemes to ensure that the nuclear industry is treated on a level playing field with the other electricity
generators.

The two remaining mechanisms, JI and CDM, share some similarities. They are concerned with the
execution of "projects" that lead to emissions reductions that would otherwise not occur in the
absence of the project. The JI mechanism applies to projects carried out in an Annex I country
whereas the CDM is for projects carried out in a non-Annex I country.

JI allows one Party to transfer emissions reduction units to another Party in return for projects carried
out by the second Party in the first Party country. The projects must result in emissions reductions
additional to any that would otherwise occur. The exact meaning of this "additionality" has yet to be
defined, but, in principle, it requires some activity over the business as usual case.

Parties may authorize legal entities to carry out projects. An example of a JI could be if Company X
carried out an upgrade to a nuclear reactor in Country A on behalf of Country B (where both Country
A and B are Annex I Parties) which resulted in additional output, either through improved
performance or extension to the operating lifetime. If it could be demonstrated that this additional
output displaced electricity generation from greenhouse gas emitting sources then the project would
be eligible for credit for the emissions avoided.

The CDM operates in a similar way to the JI mechanism in that credit would be given for projects
carried out that resulted in lower greenhouse gas emissions than would have otherwise occurred.
However, the CDM applies to projects carried out in countries that are non-Annex I Parties (i.e.
developing countries). The non-Annex I Parties represents a very important group in the climate
change debate as their future emissions are predicted to escalate as populations in these areas grow
and industry develops.

As the non-Annex I countries do not have an assigned emissions reduction target under the Kyoto
Protocol, they can not transfer emissions credits to an Annex I Party seeking to carry out a project.
Instead, it is expected that an Executive Board will be set up to evaluate CDM projects and award
Certified Emissions Reduction credits based on the emissions avoided. Credits may be used by an
Annex I Party towards meeting its emissions target. A sponsoring Party may authorize legal entities to
carry out projects on its behalf.

The CDM mechanism has another objective, namely to assist developing countries in achieving
sustainable development. It is this second objective that provoked considerable debate on the
eligibility of nuclear power projects. Whether or not nuclear power projects will be eligible for the
CDM is one of the issues that will be discussed at COP 6. Nuclear power projects are not the only
type of project facing objections against inclusion in the CDM. The use of sinks (e.g. forestry projects
and land use management); cleaner fossil fuel and large scale hydro technologies are also facing
objections.

3. HOW NUCLEAR FARES UNDER THE MECHANISMS

Over the last year Parties have assimilated a text establishing the principles, modalities, rules and
guidelines for the Kyoto Mechanisms. The text, 2Summary of notes to Mechanisms Pursuant to

2 Statement by the international nuclear power industry to the Third Conference of the Parties to the UNFCCC in
Kyoto (Available at http://www.uilondon.org/uifostat.htm).
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Articles 6,12 and 17 of the Kyoto Protocol - text for further negotiation on principles, modalities,
rides and guidelines can be accessed in its entirety via the World Wide Web.

Perhaps the issue most pertinent to the industry is the question regarding the CDM. It has been
through the CDM that nuclear has really come to the attention of the delegates of the FCCC meetings.
Bids to exclude nuclear technologies from the project-based mechanisms have come from the
Association of Small Island States (AOSIS), the oil producing nations, as well as the environmental
NGOs. Other Parties share their views though have not made their position part of the negotiating
text. Parties supporting nuclear as a suitable CDM technology are less vocal but statements from the
Umbrella Group (a group of countries including the US, Canada, Australia, Iceland, Japan and the
Russian Federation) oppose the exclusion of any technology from the project-based mechanisms.
Developing countries have underlined the role of the host country in determining project eligibility,
defending their sovereign rights in choosing sustainable development practices.

At the meeting of the Subsidiary Bodies to the FCCC in Bonn, June 2000, the same requirements
proposed for the CDM, to exclude nuclear from this mechanism, were also proposed as an optional
requirement for JI projects. Some developing nations want to place the CDM criteria on JI projects
because of fears that the additional cost of the CDM criteria could lead Parties to invest in JI projects
between developed countries instead of CDM projects with developing countries.

Whilst the adoption of such a policy could potentially exclude the nuclear industry from any resulting
GHG market at an international level, countries could still establish national policies to tackle climate
change that could recognize the climate change benefits of nuclear power. However, exclusion at an
international level would add considerable political leverage to those who would oppose national
measures that treated nuclear power in this way and ultimately favour other technologies that do not
provide the base-load, emissions free, electricity generation that is inherent with nuclear.

4. THE POSITION OF PARTIES ON NUCLEAR POWER
AND THE KYOTO MECHANISMS

Opposition to the inclusion of nuclear power within the Kyoto Mechanisms was always likely to be an
issue of contention because of the varying positions taken on the use of nuclear power by individual
Parties.

Objections to the inclusion of nuclear power in the Kyoto Mechanisms were made by the AOSIS at
COP 5 and by Saudi Arabia during the June 2000 subsidiary body meeting. During the same meeting,
Canada objected to the exclusion of any options from the CDM. Thus, an objection to the exclusion of
nuclear power projects has been noted in the negotiating text.

AOSIS is one of several groupings of Parties, each with a different stance on the inclusion of nuclear
power in the Kyoto Mechanisms. Other groupings of Parties include the "Umbrella Group", the G77
and China, and the European Union.

The Umbrella Group consists of Australia, Canada, Iceland, New Zealand, Norway, the Russian
Federation, Ukraine and the United States. On the whole this group opposes the exclusion of non-
emitting technologies from the CDM. It includes some Parties that have high energy consumption and
wish to maximize the use of the Kyoto Mechanisms in order to meet their targets. Other Parties, such
as the Russian Federation and Ukraine, are likely to have much lower emissions than their Kyoto
Protocol targets and therefore will be opposing any arbitrary limit on the trading of assigned amounts.

The G77 and China consists of the developing countries. On the whole this group opposes any
restrictions on the CDM that may restrict the flexibility of individual Parties in determining their
future technology options. At present, few countries in this group have plans to use nuclear power to
meet their energy needs. However, some parties will face increasing pressures to increase their energy
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supply infrastructure and the use of nuclear power plants could make a major contribution to the
avoidance of greenhouse gas emissions. Not all members of the G77 and China take this view. The
exceptions are namely the oil producing nations that feel economic threat from any restrictions on the
future use of fossil fuels.

The majority of countries in the European Union are opposed to the inclusion of nuclear power in the
CDM. However, France and the UK have opposed an outright exclusion of nuclear power. A
compromise position has emerged where the European Union will support the concept of a "positive
list" that would include technologies such as renewables and energy efficiency. This positive list
would not exclude other technologies, such as nuclear power, from the CDM.

A key issue raised in opposition to including nuclear technology in the project based mechanisms is
the accusation that nuclear energy does not fulfil the objectives of sustainable development and
therefore does not comply with the criteria of the CDM.

It could be argued that as uranium reserves are finite nuclear power is not infinitely sustainable. It
should be noted, however, that the potentially exploitable reserves of uranium are very large,
particularly if one includes the uranium resource in seawater and the use of fast reactors. It is also
worth remarking that many renewable energy sources are not infinitely exploitable because they are
constrained by a finite number of suitable sites.

Further more, the climate change debate is proposing the allocation of a cost to carbon, as this is the
environmental externality considered. Historically, the nuclear industry has accounted for its
environmental external costs in waste management (including the decommissioning of nuclear
facilities) and air-borne pollutants, which include greenhouse gases, oxides of sulphur, nitrogen and
particulates.

An additional concern is the apparent lack of understanding regarding the international regulations
and requirements with which the nuclear industry must comply during normal operation and new
nuclear build. Some Parties have expressed concern that nuclear projects under CDM or JI may have
safeguard implications especially if the proposed projects involve countries that have not signed the
NPT. Clearly any nuclear project proposed under the CDM or JI would have to comply with all
international safeguard regulations as well as satisfying the objectives of the Kyoto Protocol.

In the short term, the objection of new nuclear build projects under the CDM is not likely to be valid
because of the current long lead times. However, there exists greater potential in projects that might
result in capacity upgrades or life extensions of existing reactors.

In the longer term, significant growth in energy demand is expected globally. If this demand is met
with conventional fossil fuels then the resultant greenhouse gas emissions could pose a serious threat
to the environment. Therefore, it should not be surprising if a significant proportion of CDM projects
are related to the energy sector. It is also worth noting that CDM projects will earn emission credits
only where it can be demonstrated that emissions are being avoided. In general, this would mean, for
example, a nuclear power plant being built in place of a large fossil fuel power plant. It is likely that
large fossil fuel power plants will be built where there is the existing infrastructure to support the
transmission of electricity through electricity grids. In comparison, many renewable energy projects
will be better suited to where there is a lower level of energy demand and the energy supply
infrastructure is not suited to large power plant.

Obviously some countries have made the decision not to use nuclear power. However, the 31
countries with nuclear capacity are using nuclear power to meet their greenhouse gas emissions
reduction targets and some developing countries want the option of using nuclear power as part of
their specific sustainable development programme. Individual developing countries are best placed to
determine their own sustainable development needs.
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5. THE POTENTIAL EFFECT OF ECONOMIC INSTRUMENTS
ON NUCLEAR ENERGY

As has been described in this paper there is considerable debate over whether nuclear power projects
should be included or excluded from participation in the Kyoto Mechanisms. One important issue to
consider is whether the inclusion or exclusion of nuclear power from the mechanisms will have any
impact on the prospects for new nuclear build.

Answering this question is difficult, if, for no other reason, that the strong influence of fuel costs on
the overall generation costs of fossil fuel plant are such that it is difficult to make a valid assessment
of the future costs of different generation techniques. However, the potential credit for the avoidance
of greenhouse gas emissions can be illustrated by converting the value of carbon from the price per
tonne of carbon to the price per kW-h for different generation technologies.

This conversion is shown for coal-fired generation in Tables I and II, and for gas-fired generation in
Tables III and IV. Values are shown for permits with units of tonnes of carbon dioxide (tCO2) and
tonnes of carbon3 (tC). This is because both these units are used regularly when defining quantities of
greenhouse gas emissions and it is important to be certain as to what units are being used. As can be
seen in the tables, the difference between the two units in terms of the equivalent value is large,
therefore care is needed to ensure the correct conversion is used.

TABLE I. EMISSION PERMIT VALUES IN TERMS OF US$/tCO2 AND THEIR EQUIVALENTS
IN TERMS OF MILLS/kWh WHEN COMPARING COAL-FIRED GENERATION TO NUCLEAR
POWER (1 MILL = US$0,001)

Emissions permit values (US$/tCO2) Value (mills/kWh)
5 4.8
10 9.6
15 14.3
20 19.1
25 23.9
30 28.7
40 38.2
50 47.8
100 95J

TABLE II. EMISSION PERMIT VALUES IN TERMS OF US$/tC AND THEIR EQUIVALENTS IN
TERMS OF MILLS/kWh WHEN COMPARING COAL-FIRED GENERATION TO NUCLEAR
POWER

Emissions permit values (US$/tC) Value (mills/kWh)
5 1.3
10 2.6
15 3.9
20 5.2
25 6.5
30 7.8
40 10.4
50 13.0
100 26.0

3 Tonnes of carbon (tC) may be converted to tonnes of carbon dioxide (tCO2) by multiplying by 44 (the
molecular weight of CO2) and dividing by 12 (the atomic weight of carbon).
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TABLE III. EMISSION PERMIT VALUES IN TERMS OF US$/tCO2 AND THEIR EQUIVALENTS
IN TERMS OF MILLS/kWh WHEN COMPARING GAS-FIRED GENERATION TO NUCLEAR
POWER.

Emissions permit values (US$/tCO2) Value (mills/kWh)
5 2.2
10 4.5
15 6.7
20 8.9
25 11.2
30 13.4
40 17.8
50 22.3
100 446

TABLE IV. EMISSION PERMIT VALUES IN TERMS OF US$/tC AND THEIR EQUIVALENTS
IN TERMS OF MILLS/kWh WHEN COMPARING GAS-FIRED GENERATION TO NUCLEAR
POWER.

Emissions permit values (US$/tC) Value (mills/kWh)
5 0.6
10 1.2
15 1.8
20 2.4
25 3.0
30 3.6
40 4.9
50 6.1
100 m

The future trading price of emissions permits is a much-debated issue. However it is not unreasonable
to assume a trading price of around US $25/tC as a possible price over the first compliance period. At
this level the value of carbon emission reduction credits for a nuclear generator would be worth
around 6.5 mills/kW-h in comparison to a coal plant and 3.0 mills/kW-h in comparison to a gas plant
(1 mill = US $0,001).

The impact of carbon emission credits valued at this level would depend on the individual
circumstances which would vary from country to country. In the future more demanding emissions
reduction targets may drive the value of carbon emission reduction credits higher.

Another way of considering the impact of assigning a value to the avoidance of carbon emissions is to
off-set the capital costs of reactor construction by trading in futures for the carbon permits that would
be earned from the project. Greenpeace has used such a scenario in its briefing: "The Clean
Development Mechanism: An Instrument for Sustainable Development or a New Nuclear Subsidy."
The Greenpeace data considers replacing a 700 MW(e) coal fired power station with a similarly sized
nuclear reactor.

According to Greenpeace, the 700 MW(e) coal fired power station would emit around 4.5 million
tonnes of carbon dioxide every year. If, instead, a nuclear power station was built the carbon offset
could be traded. Likely carbon dioxide permit levels are estimated to be US $10-30 per tonne of
carbon dioxide. The carbon offset earned by the nuclear power station would be worth between
US $450 million and US $1.35 billion (ignoring the discounting of future credits). Greenpeace
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suggests a new 700 MW(e) nuclear power station would cost between US $2.5-3.0 billion4. On this
basis, the value of the trade in emission credits futures would reduce the capital cost by between 15-
40%.

The nuclear industry is seeking ways to improve the economics of electricity generation from nuclear
energy, including reductions in capital costs. Therefore, it is possible that trading in emission credit
futures will be able to cover a higher proportion of the capital costs than suggested by the Greenpeace
calculation.

6. THE COST OF EXCLUDING NUCLEAR ENERGY

To conclude, it is perhaps worth considering what would be the effect of excluding nuclear power
from climate change policies and measures, both nationally and internationally.

It is a mistake to consider taxes and emissions trading permits as subsidies for nuclear energy,
renewable energy, or any projects that can help reduce greenhouse gas emissions. Under the current
situation electricity generation from fossil fuels is being subsidized. We will all pay for the cost of
dealing with economic, social and environmental damage caused by climate change. Perversely, it is
some of the poorest countries that are most at threat from climate change, whilst it is the developed
countries who are primarily responsible for causing climate change through their use of fossil fuels.

Using nuclear power instead of fossil fuels is one way of combating climate change. In some cases, it
will be the best option. If that option is denied then the cost of either avoiding climate change or
adapting to it will be raised. For developed countries this may slow their progress in reducing
emissions. Developing countries may find it harder to avoid the temptation of using fossil fuel
generation to meet their energy needs in the absence of foreign investment.

The exclusion of nuclear energy will not stop the nuclear industry in its tracks. In some countries
nuclear power remains a valued component of energy supply. New nuclear power stations are still
being built. Those entering service over the next decade can be expected to be operating well into the
middle of the twenty first century. These new stations will require fuel supply, spent fuel
management, and waste management and decommissioning services.

Even if nuclear energy is eligible for Kyoto Mechanism projects there will be considerable challenges
to be resolved. Some governmental representatives and members of the public will still have the same
concerns in relation to perceived risks from proliferation and safety as they do today. The nuclear
industry will have to continue to engage in the debate on these issues.

Nevertheless, the treatment of nuclear energy in climate change policies is important to the nuclear
industry. If nuclear energy were excluded it would not be because of doubts over its contribution to
avoiding climate change. Instead, it would be excluded because of other environmental and political
issues. Any exclusion would send out a signal that Parties that may support the use of nuclear power
in combating climate change, who support the right of developing nations to determine their own
sustainable development needs, and who recognize that nuclear power makes a valuable contribution
to securing a safe and diverse supply of energy, are willing to yield to those who take an opposing
view.

7. SUMMARY

The ultimate objective of the international action on climate change is to stabilize atmospheric
greenhouse gas emissions at a "safe level". Climatologists suggest that this will require a 60%
reduction in global greenhouse gas emissions. The implications for global economic development and

4 1 billion =109.
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energy supply are huge. The world will change dramatically over the next one hundred years, either as
a result of the programmes put in place, if we are successful in reducing greenhouse gas emissions, or
as a result of the environmental damage caused by climate change if we fail.

Nuclear energy can make an important contribution to meeting the increasing global demand for
energy and assisting in the sustainable development of developing countries. However, the scale of
that contribution will depend on how nuclear energy is treated in the emerging environmental
legislation.

If the climate change benefits of nuclear energy are not reflected in national and international climate
change policies then the existing inequities in the treatment of different electricity generation
technologies will be made worse.
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