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BACKGROUND

1 No energy source and associated energy conversion technologiesis without adverse effectson
the environment, is completdly risk-free, safe, reiable, and secure, and a the same time maximizes
socio-economic welfare. Nuclear power, like dl other eectricity generating technologies, hasits
advantages and disadvantages. Assessing the nuclear power option in the context of sustainable
energy development, therefore, reguires recognising the technology’ s particular risks and benefits,
and comparing these with the risks and benefits of the various dternative energy technologies.

2 Ontheone hand, nuclear power isamature technology presently providing some 16 percent of
globa dectricity supply. Generating base load ectricity for more than 35 years, nuclear power has
aso accounted for most of the reduction in the carbon intensity per unit of delivered energy in OECD
countries, and has avoided the emission of sgnificant amounts of particulate matter, sulfur dioxide,
nitrous oxide and voletile organic compounds. On afull energy chain basis from uranium mining to
waste disposd and decommissioning, nuclear power emitslittle environmenta pollution. Currently
nuclear power avoids some 520 million tonnes of carbon (8% of total emissions) compared to an
eguivaent amount of eectricity generated from foss| fuels. Itslow annud fud reguirements, low
share of fud cogtsin total generating costs and vast uranium resource base help meet supply security
concerns and guard againgt potentialy escaating fossl fud prices.

3 Onthe other hand, thereis a nuclear power stalemate in many regionsin part because the
technology is much more costly than was origindly projected—a problem exacerbated by low fossil
fud prices and increasingly competitive market conditions arising from the ongoing worldwide
restructuring of the eectric power industry. Lower than expected eectricity demand and excess
generaing capacity in much of Europe and in North America have led to the need for smaller
capacity increments which further chalenges the competitive postion of nuclear power in these
regions. As a consequence, in Europe and in North America nuclear power appears too high an
economic risk today for private and public sector investors and the trend is not towards nuclear
power in these countries.

4. High costs aso put nuclear power beyond the reach of many developing countries, at least
absent vendor or government support. Still, nuclear power continuesto be of strong interestina
number of Asian countries and countries undergoing economic reform, even where financid
resources are limited. Thisis especidly true for countries with notorious shortagesin generating
capacity, without appreciable domestic energy sources or lacking transportation infrastructures, with



long distances between resource location and consumption centers, or high eectricity demand
expectations.

5. Economics and security of supply remain the prime consideration in the choice of nuclear power,
aong with an awareness of its environmenta benefits, particularly reduced air pollution emissons.
However, other factors tend to cloud future prospects for nuclear power, namely, public concerns
relating to the operating safety, radioactive-waste management, and proliferation of nuclear
capabilities for non-peaceful purposes. In many cases these concerns overshadow the environmental
and supply security benefits of nuclear power to the point that some groups of civil society perceive
nuclear power as unsustainable.

6. If nuclear power continues to contribute to global energy supply as the world moves towards
more sustainable development, then it isimportant to dedl with the concerns - whether percelved or
red - that surround this contribution, and to explore options and policies that would permit nuclear
power to play amore significant role in a sustainable energy future. Indeed, it is difficult to envisage
afuture for nuclear power unless the technology is et least tolerated in the generd public. At itsroot
isthe fact that these issues cannot be resolved in narrow technica and economic terms. Perceptions
about cods, safety, proliferation/diverson impacts and risks in waste management, for example,
matter as much as detailed engineering caculations and expert consent.

7. Thefollowing sections address issues and perceptions revolving around the use of nuclear power
and its potentia contribution to sustainable development. As per suggestion of UNDESA, the
following sections are structured to first identify the “ Chdlenges facing nuclear energy technologies’,
then to offer “Options and drategies to improve nuclear energy technologies’, to “ Actions relevant to
overarching issues for nuclear energy technologies’ and finaly touch upon “ Proposals for
internationd and regiona cooperation for nuclear energy technologies’.

NUCLEAR SAFETY

Challenges facing nuclear energy technologies

8 Countries operating nuclear power plants maintain alegidative and regulatory framework
governing the safety of nuclear inddlations. The nationa systems are complemented by a broad
spectrum of mechanisms for internationd co-operation, which encompass exchange of experience
between countries in the Siting, design, construction and operation of reactors, a set of non-binding
internationda safety standards prepared by |AEA, which serve as an internationd reference, peer
reviewsby internatiorel teams of experts of the safety of ingtallations based on these standards, and
findly legaly binding instruments such as the Conventions on Nucdlear Safety. The chdlengeisto
ensure the safe operation of the existing reactors, in many countries under the pressure of economic
competitiveness. As regards new facilities, progressive improvements in safety need to materidize
through innovative technologies. In addition, regulaory authorities have to streamline licensing
processes for new designs and till enable a high degree of trangparency for public scrutiny.

Options and strategiesto improve nuclear energy technologies

9. New evolutionary designs have been developed where improved safety results from making use
of modern control technology, smplifying safety systems, and from introducing passive safety
features requiring less human interaction. * Risk informed decison making’ focuses on priority safety
issues. Theindustry isaso pursuing revolutionary designs that would meet the objective of a practica



elimination of accident sequences leading to a significant release of radioactivity and limit accident
impactsto the plant Site. Innovative designs based on passive safety features aim at demonstrating
that certain safety systems required for today’ s reactors are no longer needed for protecting public
hedth and safety.

Actionsrelevant to overarching issuesfor nuclear energy technologies

10. Efforts are underway in many countries to improve the effectiveness and efficiency of the
Regulatory Bodies by streamlining standards and regulations and licensing processes, exploring
modern tools like “risk informed “ regulations and “ safety indicators’, prioritising inspection and
enforcement activities, and enhancing the quality assurance processin the regulatory bodies
themselves. A clear separation of the Regulatory Bodies from bodies responsible for *promoting”
nuclear energy improves transparency and credibility. Stagnating nuclear power risks the loss of both
indtitutiona and corporate knowledge.

11. Attheinternationd level the IAEA is the organisation with the mandate to establish safety
standards and to provide for their gpplication including providing expert advice and peer (safety)
review services. Strengthened international co-operation in technology RD&D could lead to
consensus on safety requirements, agreements on technica solutions, and sharing of research results.
At theindustriad level, the World Association of Nuclear Operators (WANO) fosters safety self-
assessments and peer reviews.

Proposalsfor international and regional cooperation for nuclear energy technologies

12. Intengfying international co- operation can economise nationa efforts, harmonise safety
requirements across countries thus easing licenang, promote asmilar high leve of nuclear safety
world-wide, and add to trangparency in nuclear safety related decisions. Other measuresinclude
strengthening the internationa peer safety review mechanism, promoting sdlf- assessments and
learning from internationd experience, e.g. through the Incident Reporting System jointly operated by
IAEA and NEA, the development of an internationally adopted set of safety indicators and increased

trangparency in nuclear sefety.

EFFECTSOF IONIZING RADIATION ON HUMAN HEALTH

Challenges facing nuclear energy technologies

13. Radidion effects are caused by damage in cdlls, resulting in cell death or modifications that can
affect norma functioning organs and tissues. Cells are able to repair and recover from the damage
imparted by radition. However, unrepaired or misrepaired damage leaves a potentia for subsequent
changes; in particular, cancerous growth may develop in thetissue, or hereditary effects may occur in
offgpring. For high radiation doses, thereis clear evidence of biologica effects, ranging from an
increased risk of cancer and skin necrosis to human deeth. For the low doses that typicaly result
from routine operation of nuclear facilities, where cancer induction is the main concern, the Situation
is more complex. Existing nationa and internationd radiation protection policies and standards are
based on the assumption that, even at low doses, radiation may act as an initiator of cancer. The
smplest representation of the relation between the dose and the effect is alinear rdationship, which
is condgtent with most of the available data. The dose limits set by the standards ensure that the



possible hedth effects will be very smdl. Still some of the public perceive the radiation from nuclear
power as alarge, unknown hazard to be avoided at any cost.

Options, strategiesto improve nuclear technology

14. Thenudear industry manages existing radiation protection confidently — radiation doses to
workers and the public are generadly below the prescribed limits. The deviations, which inevitably
occur, are of the same nature and frequency as are observed from non nuclear indudtrid incidents or
accidents. Strengthening the existing high level of radiation protection is till the primary Srategy.
Continuing studies of the effects of low radiation doses might help to cope with public concerns
about nuclear power.

Overarching issues

15. Therisk to theindividua of getting cancer depends on many factors, such aslifestyle, profession,
age, and gender. Therisk of radiation induced cancer should be assessed in relation to non-radiation
cancers and other health risks. Comparisons of health risks from various industria activities, socid
habits, and naturd phenomenaexist. The very smal impact of nuclear activities shown in these
comparisons do not lead to corresponding changes in environmenta regulations for non-nuclear
technologies. This reflects the absence of equa footing for different technologica hazards. Ensuring
such afooting and managing the hazards on that basis, preferably using economic instruments such as
the interndization of the associated externd cods, is an extremely important overarching issue.

Proposalsfor international, regional co-operation

16. Two principd issues cdl for internationa co-operation: the management of radiation hazardsin a
uniform framework with other technologica hazards, possibly using the interndization of externd
cogts, and the quantification of the effects of very smdl radiaion doses. The two issues are extremely
complex, both scientificaly and organisationdly; thet iswhy internationa co-operation isdesirable
and beneficid for al counterparts.

SPENT FUEL AND WASTE MANAGEMENT

Challenges facing nuclear energy technologies

17. Although volumes are smal compared to other forms of eectricity generation, spent fuels and
radioactive wastes from nuclear power plants need to be managed safely. About 25 tonnes of spent
fuel are discharged annualy per 1,000 MW(e) generated. By the year 2010 the IAEA estimatesthe
cumulative amount of spent fuel produced will be 340,000 tonnes, with 110,000 tonnes reprocessed
and 230,000 tonnes stored.  Spent fuel can be safely stored for long timesin water filled pools or
dry facilities, some of which have been in operation for 30 years. While spent fuel storage capacity
globaly is consdered adequate over the next few decades, facilities at some specific Sites are nearing
cgpacity. High-leve radioactive waste is produced when spent fudl is reprocessed to recover
uranium and plutonium for recycle as reactor fud. Some countries do not reprocess spent fud but
plan to directly dispose of it. The scientific and technically communities generaly agree that geologic
disposd, using a system of engineered and naturd barriers, can be carried out safely in stable
geologic formations. However, Ste sdlection isamgor public acceptance issue in al countries



developing such facilities and no such fecility has yet been authorized. For now most hight level waste
from commercia nuclear power is ether stored on-sSite or transported to interim storage Sites.

Options and strategiesto improve nuclear energy technologies

18. Severa countries are currently engaged in studies of degp geologic disposd, preparatory to
congruction of repositories (Belgium, Canada, Finland, France, Germany, Japan, Sweden,
Switzerland and United States) by developing and testing underground research facilities for
demongtrating the technologies to dispose safely of high level waste and spent nuclear fudl. Potentia
radiation exposures have been calculated to be close to zero for periods of 100,000 yearsfor al
scenariog/sites conddered; for longer periodsthe risks are so small asto impose very small
additiond externdlity codts, even if there is no discounting for these uncertain remote future events.
Licensing and opening of disposd facilities will be the convincing demondtration thet it can be done.
Nationd efforts supplemented by IAEA activities such as fadilitating early entry into force of the
legdlly binding Joint Convention on the Safe Management of Spent Fuel and the Safe Management of
Readioactive Waste or by fostering co-operative research on scientific issues related to the
engineered and naturd barriers for waste isolation.

Actions relevant to overarching issuesfor nuclear energy technologies

19. Countries with small nuclear programmes (one or afew reectors), or having fragile
economies, often lack the resources to develop geologic repositories. The IAEA provides aforum
for technology transfer from the larger industriaized countries to such countries by sponsoring co-
ordinating research, preparing documents on state- of -the- art technologies, and organizing
internationa co- operative projects. The Agency isaso scrutinizing factors that would need to be
addressed in devel oping multi-nationd repositories and the scenarios that could lead to devel opment
of such fadilities

Proposalsfor international and regional cooperation for nuclear ener gy technologies.

20. A technology being consdered for the future management of high-level weste is the partitioning
of the long-lived radionuclides and their transmutation to shorter haf-life radionuclidesin accelerators
or specidly designed reactors. This technology has yet to be developed and costs are likely to be
high, but it is of interest to countries planning to reprocess spent fuel to recover the maximum energy
from uranium fuel by recycle of the recovered plutonium. The Agency, aswell asthe OECD/NEA
and the CEC have programmesin place to transfer technology and provide forafor internationa
informeation exchange.

PROLIFERATION OF FISSILE MATERIAL

Challenges facing nuclear energy technologies

21. Nuclear fisson is central to both nuclear power production and nuclear wegpons. Proliferation
concerns sems from the possibility of diverting nuclear materid from peaceful uses, and the potentia
misuse of nuclear facilities to produce wespon grade nuclear material. At present, some 900 nuclear
related facilities including locations outside facilities are under Agency safeguards, including power
reaector facilities, fud fabrication plants, reprocessing and enrichment plants. With such alarge and



likely growing number of nuclear power-related facilities, the chalengeisto curb the potentia nuclear
power link to wegpons proliferation by implementing effective and efficient safeguards.

Optionsand strategiesto improve nuclear energy technologies:

22. The Treaty on the Non Proliferation of Nuclear Weapons (NPT), signed in 1970 and extended
indefinitely in 1995, is a the centre of the internationa non-proliferation regime. At present, 187
States have sgned the NPT, including 182 States which do not possess nuclear weapons and the
five States which had tested nuclear wespons before the N PT came into force. The international
community has entrusted the IAEA with the authority to safeguard nucleer facilities. The 1997 Moddl
Additional to Safeguards agreements extend the IAEA safeguards authority and dlows accessto
locations not previoudy subject to IAEA inspection. Treaties other than the NPT focus on preventing
the misuse of nuclear materids as well as the establishment of new nuclear weapon free zone treeties
in many parts of the world. Technology drategies to complement IAEA safeguards that are
congdered include the development of proliferation resistant nuclear power technologies and fue
cycdes Safeguards implementation effectiveness and efficiency would greatly benefit from fue cycles
that better take into account the verification requirements of |AEA safeguards.

Actionsrelevant to overarching issuesfor nuclear energy technologies

23. Nuclear wegpons are above dl a matter of politics and may not have so much to do with nuclear
power. Consequently, the response to weapons proliferation has to be a politica one. |1AEA
safeguards provide one of the mogt crucid answers. Theinternational community must ensure the
continuous improvement of the effectiveness and efficiency of IAEA safeguards, provide the
resources required for the expangon of the safeguards technical verification gods to include both
declared and undeclared nuclear materid and activities and the implementation of Sate-of- the-art
verification technol ogies and address the conceptua issues related to these new developments.

Proposalsfor international and regional cooperation for nuclear ener gy technologies

24. International co-operation is critical for an effective barrier againgt proliferation. IAEA
safeguards activities have to complement and interact with other components of the internationa nort
proliferation regime such as export control of nuclear and nuclear-related materia and equipment,
nuclear non proliferation and disarmament treaties including nuclear wegpons free zones, control of
nucdlear materid illicit trafficking, physica protection of nuclear materid and assessment of existing
and innovative fud cycle deved opments including the utilised technologies and nudear materid.

ECONOMIC COMPETITIVENESS

Challenges facing nuclear energy technologies

25. Given low nuclear fud costs and being partialy or fully depreciated, many existing resctors
operate efficiently, safely and profitably even in the most competitive markets. There are often
strong economic incentives to extend the life of profitable exigting nuclear power plants. The
investment requirements of such extensions are generally considerably less than the costs of new
foss| fuelled or renewable plants. However, new nuclear power plants can cost 2—4 times more to
build than fossl-fudled plants with pay back timeswell over twenty years, take longer to build than
other conventiona power generating facilities, and face lengthy and costly regulatory and licensing



procedures. Investors, especialy in competitive capital markets, are aware thet nuclear fecilities
have been at risk for both completion and operation and tend to demand higher returnsto judtify the
higher economic risk. The result isthat nuclear power is now sedom the “least- cost” option for new
power generation. In addition, there are concerns thet certain cost factors that are incurred after
plant closure such as decommissioning and waste disposal costs are not adequately reflected in
present cost assessments.

Optionsand strategiesto improve nuclear ener gy technologies

26. Based on utility requirement documents the nuclear industry expends considerable efforts to meet
the chdlenge to cut cogts to alow for competitiveness and to improve safety at the sametimeto
ambitious levels. Smultaneoudy improving operating safety and economic performance of
technology has aways been one of the fundamenta drivers of engineering ingenuity and innovation.
Evolutionary design improvements explore avenues to lower cogts and increase safety using modern
control technology, Smplifying safety systems, making use of passive design features and capitalizing
on economies of scale. Severd such advanced reectors are commercidly available. Evolutionary
improvements aone may not revive the nuclear option globdly. Therefore, revolutionary designs that
turn from large to smdler units with much shorter congtruction periods, with significantly lower capitd
cogts and load following capability are under development. In addition to lower generating costs and
even greater use of passive safety features, these designs may dso include proliferation resstance
features. These smdler and thus easier to finance systems could aso operate in countries with
modest dectricity grids or areas without grid connections or non-electric applications such as digtrict
heating and desdination. Decommissioning codts vary gresily with the scope of decommissioning

and waste digposal efforts required by nationa regulation. The dectricity generating cost estimates
published by OECD/IEA and OECD/NEA include decommissioning costs based on current
regulation. Waste management and disposal comprise asmdl share of total nuclear fuel cycle costs
and amount to 2-3% of generation cost.

Actionsrelevant to overarching issuesfor nuclear energy technologies

27. All energy supply options, directly or indirectly, produce some form of pollution and thereby
result in some form of hedth and environmental impacts. The impacts associated with pollution are
deemed to be externdlities, i.e., costs that arenot generaly factored into the market price of energy.
Society arrives a asocidly and politicaly acceptable leve of externd cogts by imposing pollution
limits, environmenta and hedth standards, and taxes on pollution assuring thet, in the end, “the
polluter pays’ for damages caused. Vauating externdities is not smple and requires consderation
of occupationa aswell as public effects for the entire fuel chain - from fuel recovery to
decommissioning - not only on aloca scae, but aso regiordlly and globaly. Recent studies such as
thejoint EU/USA study ExternekE indicate that externa cogts of nuclear power and renewables are
sgnificantly lower than those for cod and oil-fired dectricity which would bear the brunt of a cost
placed on hedth and environmental impacts due to releases of noxious gases, toxic pollutants and
paticularly greenhouse emissons. If internalised this would definitely improve the economic
competitiveness of nuclear power and renewables. Aswell, the addition of a carbon value of 30
USD per tonne to today’ s roughly 50 USD coal price would increase the comparative cost of coa
eectricity by 20%. Clearly, carbon values would not change the generating costs of nuclear,
hydrodlectric and most renewable sysems at al.



Proposalsfor international and regional cooperation for nuclear energy technologies

28. Prototype or demonstration plants would be needed for most innovative reactor designs. Under
current circumstances with limited government support of nuclear research and development, there is
aneed for close co-ordination of RD&D activities to avoid duplication while pooling resources could
generate the critical momentum for the successful development and demonstration of new and
innovative reactors and fud cycle concepts. It could be facilitated by internationa co-operation
among governmenta research centres, internationa organizations (such asthe IAEA, OECD/NEA,
IEA) and particularly the nuclear industry. The nuclear industry will need to be akey player in this
process and recent international industry mergers may lead to amore focused look at the issue.

Early certification by governments, perhaps the issuing of internationa licenses, would help avert the
unpredictable delays that have driven up capital costsin the past.

TECHNOLOGY TRANSFER

Challenges facing nuclear energy technologies

29. Technology transfer has been an important element for the diffusion of nuclear power technology.
Given the unique nature of nuclear power, technology transfer necessarily involves governments, the
nuclear industry and financia ingtitutions. Most countries with nuclear power programmes benefited
from technology transfer, meanwhile some have developed a domestic industry to a measure of sdlf-
aufficiency. The stagnation of nuclear power in countries with technology export capacity may limit
the transfer of innovative technologies as recipient countries often wish to adopt commercialy proven
technology. Aswadl, enrolment in nuclear science and engineering programmes has dropped below
long-term replacement levels possibly limiting the export capacity for nuclear technologiesin the
longer run, aswell as creating near term difficultiesin maintaining qualified Saffsfor existing plants.
Multilaterd financid indtitutions usualy do not consider the finance of nuclear projectsin developing
countries.

Options and strategiesto improve nuclear energy technologies

30. Private sector-driven technology transfer remains crucid for the diffusion of nuclear power.
Governments, however, have to creete enabling policies and ensure the timely establishment of the
necessary infrastructures and independent regulatory ingtitutions. Smdler and less capitak intensive
units may improve the finance of technology transfer. The use of the mechanisms under the Kyoto
Protocol (clean development mechanisms and joint implementation) can accelerate nuclear
technology trandfer. These mechanismsintensify co-operation between sponsor and host countries
involving governments, private sector entities and community organizations —traditiondly a
prerequisite for successful nuclear technology trandfer.

Actionsrelevant to overarching issuesfor nuclear energy technologies

31. Will there be aratified Kyoto Protocol, and if so, will nuclear be considered as an digible
technology for use with the flexible mechanisms? An equaly important question concerns the
willingness of government to introduce and enforce environmenta protection Sandards. In one way
or another, these questions influence technology choice and can provide additiond financid
incentives for technology trandfer.



Proposalsfor international and regional cooperation for nuclear energy technologies.

32. Building human and indtitutiona capacity must be an integra part of technology transfer. Capacity
building has been one of the IAEA's main methods for implementing technology trandfer to
developing countries. Member States wishing to embark on anuclear power programme can request
assigtance on al relevant technical, safety, legd and regulatory aspects through nationd or regiond
projects. Technology transfer will be through expert advice and missons, training courses,
fellowships, scientific vidts, workshops and, in support of a project, alimited supply of equipment.

10URANIUM MINING AND AVAILABILITY OF FISSILE MATERIAL

Challenges facing nuclear energy technologies

33. Stable, economically accessible and environmentally benign fud supply contributes to sustaingble
energy development. Naturdly occurring uraniumis a finite resource with long-term availability
depending on demand and advances in geosciences and mining technology. Presently known uranium
resarves are sufficient to fuel the world's existing reactors well through the first haf of the 21%
century. Stepped- up use of nuclear power might accel erate the depletion process. Like mining
operationsin generd uranium mining has been a source of environmenta concern, particularly
because mining and milling resultsin wastes and releases of radioactivity (primexily from naturdly
occurring by- products such as radon and radium).

Options and strategiesto improve nuclear ener gy technologies

34. Lower than expected demand and the availability of fissle materid from military stocks have
resulted in a uranium market glut for quite some time and exploration is& a higtorica low. Likewith
any natura resources, higher demand would raise prices and stimulate exploration and expand the
resources base. In addition to conventional uranium reserves, there exist enormous amounts of
unconventiona low concentration naturd uranium in the earth’s crust and oceans. Thorium is another
fuel candidate for nuclear power. Appropriate technologies to tap into these resources have been
investigated but development has been low priority given the plentiful reserve base of conventiond
uranium. Current once-through fuel cycles utilize only some 5 percent of the energy content of the
fud. Reprocessing and recycling of spent fuel asis dready practised by severd countries extend the
fud availability considerably. In combination with breeder reactors, plutonium recyding would
effectively decouple nuclear power from fuel resource consderations. A smilar effect could be
achieved in the longer run through the development and commercidisation of fusion technology.
Continuous improvements in mining practices, epeciadly post-operation, have aready improved
safety and reduced potentia environmenta impacts sgnificantly.

Actionsrelevant to overarching issuesfor nuclear energy technologies

35. Nuclear power offers a unique venue to reduce the existing stocks of highly enriched uranium
and plutonium from dismantled wespons programmes.

Proposalsfor international and regional cooperation for nuclear energy technologies

36. Internationa co-operation could expedite the utilization of military stocks of fissle materid for
peaceful purposes. Regiond (multi-nationd) reprocessing and fud recycling centres would alow for
esser safeguards.
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Attachment: Five Case Studies

INTRODUCTION

The attached five case studies were contributed as input to the February 2001 second
session of the Ad Hoc Open-ended Intergovernmental Group of Experts. One item on the agenda
of the second session pertainsto “lessons learned.”  In connection with this agendaitem, the Group
has invited “ case studies describing lessons learned and experiences gained at the nationa levelsin
trandating sustainable energy policiesinto concrete actions.” The attached case studies were
contributed in response to thet invitation. A review committee concluded:

“ These are plans and projections and are therefore speculative rather than
descriptive, which is evident from the fact that they do not follow the prescribed
format. Asa result, there are no lessons learned, which was the goal of the exercise.
In away, thisis a shame, because at |least in the cases of China and Korea, thereis
enough experience with nuclear energy to have carried out a real case study to
determine the effectiveness of nuclear energy in reducing GHG and noxious
pollutant emissions and in providing real figures for the costs involved. But, of
course, this would have taken considerable time and money to carry out. We
encourage them to include the documents as exampl es of projectionsin the
background document on nuclear energy they are preparing for the second session
of the Ad Hoc Group of Experts.”

In accordance with that suggestion, we include the case studies here. The review committee
is absolutely right that as case Studies that assess future options rather than past actions, these can
yield no “lessonslearned.” In the cases of Chinaand Korea that the committee cites, however, the
data are taken from specific recent projects and can therefore be assumed to be very close to what
would have been the result had this assessment been applied to those recent projects.

The case sudies are written by authors from five non-Annex | countries (China, India,
Pakistan, Republic of Korea, and Viet Nam) and address possible CDM projects in those countries
based on nuclear power. They were developed in response to aresolution of the IAEA’s 1999
Generd Conference that asked the Agency to help developing country members explore and
prepare such projects. The authors have presented the case studies a Side events at the IAEA’s
2000 Genera Conference and at the Sixth Conference of the Parties to the UNFCCC (CoP-6) in
The Hague in November 2000.

The case dudies follow a somewhat different format than that suggested in the guiddines
crculated in Ms. Abdalla’'s April 11, 2000 e-mail. However, they cover most of the pointsin the
guiddines and are dl limited to four pages. They are therefore presented as written by their origina
authors, with this cover note added to address the specific items listed in the guiddlines.

SUGGESTED FORMAT FOR THE CASE STUDY

Abstract: Nationd authorsin China, India, Pakistan, Republic of Korea, and Viet Nam
present initial assessments of nuclear power projects as prospective CDM projects under the Kyoto
Protocol, including estimated carbon emission reduction costs. Nuclear power projects appear the
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most cost- effective new capacity dternative for reducing power sector GHG emissionsin dl five
countries. The one exception isin Indiafor new capacity to be Sted at least 1200 km from the
nearest useful cod mine. In this case, anuclear power plant isthe overdl least-cost option and thus
ineligible asa CDM project. The case studies estimate carbon reduction costs to be within the range
other dudiesindicate might be profitable.

Key issue addressed: The key issue addressed by dl five case sudiesis thet of limiting future
greenhouse gas emissions. All, however, dso address issues such as energy supply security,
reductionsin loca air pollution, and sustainable economic development.

Objectives. The case sudies provide initid assessments of whether nuclear power projectsin the
five countries might meet the prospective digibility criteriafor CDM projects under the UNFCCC
and the Kyoto Protocol. They dso estimate the cost of carbon emission reductions that would be
associated with such nuclear power CDM projects. The assessment of CDM digibility is uncertain
because, with the suspension of CoP-6 on November 25, 2000, the digibility criteriaremain
undefined. In particular, one proposa discussed at CoP-6 was an explicit excluson of nuclear
projects from the CDM. Such a provison would obvioudy vitiate al five case sudies.

Implementation: Asthese are analytic case studies, implementation in the sense of carrying out the
studies was not amgjor issue. The challenges were getting good cost estimates and good
assessments of nationd energy plans and projections. The authors were well placed to get that
information. The steps that would be needed to actudly implement a specific nuclear power CDM
project are much more substantid. They will depend, firgt, on the fina formulation of the CDM

rules. Second, they will depend on how much it costs to reduce carbon in other ways. That is, while
each of the case studies finds nuclear power to be the most cost-€effective power plant choice for
reducing carbon emissions in the basdl oad ectricity generating sector, there may be cheaper nort
power carbon reductions that would attract away CDM investment dollars. And third, depending on
how the CDM rules are negotiated, financing may be an important obstacle. The Kyoto Protocol
only appliesto 2008-2012. If buyers only want to buy carbon emission reductions that occur in
those five years, the sdlling price for each tonne of carbon will have to increase relative to that for a
buyer who— believing that limitswill be extended beyond Kyoto — isinterested in buying emisson
reductions covering the entire plant lifetime. Financing may aso depend on the levd set for the

CDM adminigrative payments and adaptation fund contributions provided for in the Kyoto Protocol.
The higher the overdl price of carbon reductions, of course, the more difficult it will be to attract
buyers.

Outcome and impacts: The outcome is the case studies thet are attached. If the CDM rules are
written to exclude nuclear power, these case studies will have littleimpact. Otherwise, their impact
will depend on how the market for Certified Emisson Reductions (CERS) develops. If Annex |
countries are required to accomplish haf of their reductions at home, for example, if aglut of forestry
projects or Russian hot air keeps CER prices low, and if it gppears that limits after 2012 will be
relatively relaxed, nuclear power CDM projects may prove too expensive to have much of an
impact. If the price and timing are right, however, the initia expertise promoted by these case
studies may develop into more complete, and ultimately successful, proposas.

Project/programstatus: The case studies are complete. Next steps await developments at
particularly the resumed CoP-6 in 2001.
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Replicability: Such case studies would not be difficult to replicate in most countries. However,
even under the same assumptions on CER rules (n.b., no nuclear exclusion), other countries may
generate different results concerning the eigibility of nuclear power for CDM projects and the
associated CER cogts. But extending the andlysis, if not the conclusions, to other countries would be
relatively sraightforward.

Lessons Learned: The principa lesson is thet — absent prejudicial CDM rules — nuclear power
projects appear to be the most cost- effective new capacity dternative for reducing future GHG
emissons in the basd oad dectricity generating sector in the five countries studied. The only
exception is the case of new capacity in India that would be sited at least 1200 km from the nearest
useful cod mine. In that case, anuclear power plant is estimated to be the overdl least- cost
dternative and thus indigible asa CDM project. Second, dl five case studies estimated carbon
reduction costs to be within the range that other studies indicate might be profitable. Aswe are not
aware that anyone has yet taken the next step that would be needed to turn these andytic
conclusonsinto concrete projects, we cannot comment on the implementation lessons that might be
learned in that process.

Further Information: Theindividud case studiesligt the authors and their afiliations. Overdl
coordination was provided by:

Mr. Hans-Holger Rogner

Head, Planning and Economic Studies Section
Department of Nuclear Energy

Internationa Atomic Energy Agency

Wagramer Strasse 5, P.O. Box 100

A-1400 Vienna, AUSTRIA

Phone: +43-1-2600-22776; Fax: +43- 1- 2600- 29598
E-mai: h.h.rogner@iaea.org
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BACKGROUND ON THE KYOTO PROTOCOL AND FLEXIBLE MECHANISM S

The possibility of globa climate change resulting from an increase in greenhouse gas (GHG)
concentrations in the atmosphere isamgor globa concern. At the Third Conference of the Parties
(CoP 3) to the United Nations Framework Convention on Climate Change (UNFCCC) held at
Kyoto, in December 1997, industridized countries (i.e. Annex | countries1) agreed to accept binding
commitments that would reduce their collective GHG emissions, in the 2008-2012 commitment
period, by at least 5% below 1990 levels;. These Annex | countries also agreed to make
demonstrable progress towards reducing GHG emissions by 2005.

Because climate changeisagloba problem, i.e. it does not matter where on the globe
GHGs are emitted — they dl end up in the same amosphere, many market economists maintain that
mitigation should first occur wherever it is chegpest. Thus Article 12 of the Kyoto Protocol makes
provisons by which those sgnatories who are required to limit emissions can gain credit for financing
cogt- effective mitigation projects in developing countries, while a the same time promoting
sugtainable development through the provision of financid and technicd assistance. Thisoptionis
known as the Clean Development Mechanism (CDM).

The CDM could be of particular interest to developing countries, which are not subject to
emisson limitationsin the Kyoto Protocol. For example, the use of capita- intensive nuclear power
ingteed of less costly codl-fired dectricity generation would result in asignificant reduction in GHG
emissions. Because many developing countries may not be able to afford the higher investments
associated with anuclear power project, or because nuclear may smply not be the least-cost
generation option for agiven country, CDM offers an opportunity for (incrementa) capital and
technology transfer sponsored by an Annex | country in exchange for GHG emission credits. The
benefit to the sponsor would be compliance with the emission limits set out in the Protocal, a a
lower cost than if mitigation occurred at home.

 Annex | indudes the OECD (membership of 1990) plus Belarus, Bulgaria, Croatia, Czech Rep. Estonia, Hungary, Latvia, Lithuania, Poland,
Romania, the Russan Federation, the Sovak Rep., Sovenia, and Ukraine
2 Theindividua nationdl emission allowances rdlative to 1990 are (in percent):

Audrdia 108 Gresee 92 (125 Norway 101
Austria 92 (87 Hungary 9 Poland 9
Belgium 2 (25 lodand 110 Portugdl 92
Bulgaria 92 Irdland 2 (113 Romania 92
Canada 94 Italy 92 (935) Russian Federation 100
Crodia 95 Jpen 94 Sovakia 92
Czech Republic 92 Latvia 92 Slovenia 92
Denmark 92 (M) Liechtengtein 92 Spain 92
Estonia 92 Lithuania 92 Sweden 92
European Community 92 Luxembourg 2 (72 Switzerland 92
Finland 92 (100 Monaco 92 Ukraine 100
France 92 (200 Netherlands 2 (¥ United Kingdom 92
Gemarny 92 (79 New Zedad 100 United States of America 93

Thefiguresin parentheses reflect the EU internd reduction agreements (the “EU bubble”). Annex | members that are dso Economies in Trangtion
are dlowed to propose base years other than 1990 for cdculating their own reductions.
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Interpretation of Article 12 of the Kyoto Protocol

CDM is one of three "flexibility" mechanisms for emission reductions that were adopted as part
of the Kyato Protocol*. However, CDM is the only mechanism involving non-Annex 1* countries (i.e.
those that are not subject to emission reduction commitments). The other two can only be used among
Annex | countries. CDM differsin a second important way from the other two flexibility mechanisms—
under CDM, certified emission reductions (CERS) prior to 2008 can be applied toward Annex | country
reduction requirements in the 2008-2012 commitment period. Findly, athird difference between CDM
and the other mechanismsisthat CDM is open to private sector involvement.

There are several important aspects of CDM beyond its contribution to the ultimate objective of
the Convention, i.e. sabilization of the atmospheric GHG concentration at a“safe” level consstent wth
sustainable development. For a project to qudify under the CDM, it must provide more than just lower
GHG emissions. Specificdly, a CDM project should

provide red, measurable and certifiable emission reductions that are additiond to any that would
occur in the absence of the project (additiondity);

assig Annex | countries in complying with their quantified emission limitation and reduction
commitments;

supplement domestic action in Annex | countries, and

benefit non-Annex | countriesin terms of technology, capital and know -how transfer.

The CDM will be under the authority and guidance of the Parties to the Kyoto Protocol and
supervised by an Executive Board, the structure of which has yet to be defined. The certification of
emission reductions will be organized by operationd entities (also ill to be defined) under the Board's
supervision. All CER unitswill be registered with the Executive Board.

Implementation Criteria of Article 12 of the Kyoto Protocol

There are severd prerequisites associated with the determination of a CDM project’s emission
reduction levels. These include

an unambiguous definition of project boundaries,

the definition of abasgline project against which the CDM project can be evaduated;

the definition of the CDM project;

mechanisms to ensure the measurement, verification and certification of actual emission reductions
after project implementation; and

the establishment of an adaptation fund.

Project boundaries delineate the physica and tempora boundaries of the current or planned GHG
emitting facility (the basdine facility) and should be set to minimize the potentia for emisson leskage®.

% The other two mechanisms are (&) Emission trading (ET), indluding trade in "Hot Air" (HA) and (b) Joint Implementation (J). ET results from the
adoption of the least-cost mitigation principle in that afirm or country with relatively low mitigation costs may reduce emissions by more then its
committed amount and sell the dack to firms and countries with higher specific mitigation costs HA refersto a particular form of emission trading
involving Annex | countries that have experienced a dramatic decrease in GHG emissions due to the indtitutional collgpse of their formerly planned
economies. These countries may have emissons well below their limits mandated in the Kyoto Protocal. This creates emission reduction credits
("hot ar" or "paper tonnes') that can be traded a a profit. Y et another mechaniam is the goproach of the EU — labdled "Bubbles (BU) where the
cumulative GHG emissions of the region are reduced (the bubble) in compliance with the Protocal. Individuad member states, however, have been
dlocated differing reduction target by the EU such thet some may even increase their GHG emissions while others must miake reductions beyond the
8% assigned in the Protocol to the EU asawhole. Jl, roughly spesking, is CDM among Annex | countries.

4 All other countries (essenttidlly developing countries) not belonging to Annex | countries and hence not subject to emission reduction
commitments.

5 Leskage oocurs when the emission reductions from a particular project directly or indirectly cause an increase in emissions a another location or

time. This reduces the emisson reduction benefits of the project due to factors beyond the project scope.
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The emission basdline is then the estimate of emissions that would occur in the absence of the
CDM project, i.e. under business-as-usua practices within the defined boundaries. The emission
reductions under a CDM project then are the difference between the basdine emissions and the (actua)
emissions of the CDM project after implementation.

The basdline is an important factor for the additiondity criterion because the CDM project must
demongtrate that it generates red and incremental emission reductions that would not occur otherwise. If
the proposed project would have occurred anyway for other reasons — e.g. profitable private sector
investments, legd requirements, foreign aid, etc. — it would not satisfy the CDM additiondity criterion.
Four further “ additionalities’ have aso been discussed in connection with CDM — financid, regulatory,
investment and technology additionality — athough these are not set out as forma requirements in the
Kyoto Protocol. Financia additiondity means that project funding would be additiond to exigting financid
commitments of Annex | countries including officia development assistance and other systems of
cooperation. Regulatory additiondity means that the emission reductions exceed exigting standards, i.e.
they would not have been mandated directly or indirectly by policy or regulation. Investment additiondity
means that the vaue of the CERs significantly improves the financial/commercia viability of the project.
Technology additionality means that the CDM project involves the best available technology for the host
country given local conditions.

There is dso amovement within the UNFCCC process to restrict eligible CDM projectsto
those minimizing the possibility of “leskage’ and “hot air” projects, and to establish dtrict criteria that
projects are supplementary to domestic action.

The adaptation fund is used, firgt, to cover adminigtrative expenses associated with the CDM
verification, monitoring and certification process and, second, to assist developing countries that are
particularly vulnerable to the adverse impacts of climate change to meet the costs of adaptation. The fund
would be financed by a share of the proceeds from the certified CDM projects — i.e. by a quasi-tax on
CDM projects.

Key issuesrelated to the possiblerole of nuclear power asa CDM

1 Industridized countries view CDM as an additiona mechanism for emission reductions based on the
concept of Joint Implementation (J1), i.e. the accomplishment of emission reductions elsewhere at
lower costs than through domestic action; while developing countries view CDM as a new venue for
financid assistance, investments towards sustainable devel opment, technology transfer, and the
promotion of equity.

2 AsAnnex | countries are expected to make demonstrable progress towards reducing GHG emissions
by 2005, now is the time to investigate the viability of CDMs in developing countries, particularly in
light of the dmost eight percent increase in globa carbon emissons since 1990 (see Tablel —
athough total CO2 emissions of Annex | countries have declined by two to three percent since 1990,
thisis primarily due to the economic collapse of the Annex | members of the Economiesin
Trangtion (EITs) and not a result of determined greenhouse gas mitigation efforts). In most OECD
countries, CO, emissions have gone up since 1990, not down, and economic recovery in other
Annex | countries will boost their emissions as well.

3 The CDM is more contentious than the other flexibility mechanisms as it involves the transfer of
credits from countries not subject to emission limitations.

4. To date there has been no forma debate at CoPs on the role of nuclear power as an digible
technology under the flexible mechanism scheme. However, many environmental NGOs are keen to
see the nuclear option ruled out, and an earlier submission to UNFCCC by the Alliance of Small
Idand States (AOSIS) proposed explicitly that nuclear projects be indigible for CDM gatus.
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5.

Note:

Outgtanding details of the Kyoto Protocol, including a decison on which GHG mitigation
technologies will qualify under CDM, need to be findized at CoP 6 to be held in The Hague,
13-24 November 2000.

The overdl concept and relevance of the CDM is not clearly understood by many developing
countries and severa have strong reservations about the CDM. There appears to be alack of
awareness and understanding of the opportunities and issues related to the CDM. The need for
capacity building around the CDM has been demanded by G77 and China.

Table 1. Regional and global CO, emissions from fuel combustion, million tonnes of carbon (Mt C¥

1990 1995 1999
OECD 3,013 3164 3,338 10.8%
USA and Canada 1,618 1,691 1,822 12.6%
EU-15 928 914 932 0.4%
Japan and Austraia 395 440 451 14.2%
Economiesin Transition (EIT) 1,311 925 841 -35.9%
Developing Countries 1,774 225 2,383 34.3%
World 6,098 4,314 6,562 7.6%

OECD excludes Mexico and Republic of Korea (both included under Developing Countries) and Hungary and Poland
(both included under EIT).

The Role of IAEA in the Debate on CDM

At the 43rd regular session of the IAEA Genera Conference, Member States requested the IAEA to
help countries in assessing nuclear power’srolein light of global environmenta challenges and energy
needs (GC(43)/RES/14). Such assistance should include support for implementing national case
Sudies, and facilitating access to relevant information about ruclear power’s role in achieving
sustainable development in developing countries and in mitigating GHG emissons.

The dissemination of information on CDM is of particular importance to developing countries, so as
to enable Member States interested in the mechanism to take an active and informed role in the debate
regarding the Kyoto Protocol and digible CDM technologies.

Therefore, the Secretariat organized a series of information seminars, workshops and training

courses for Member States on the Kyato Protocol, the Clean Development Mechanism, Joint
Implementation and Emissions Trading with particular emphasis on the potential role of nuclear
power for GHG mitigation.

On request, the Secretariat also provided training and assistance to several Member Statesin the
preparation of nationa case sudies that explore the potentia role of nuclear power as a CDM
technology. These case studies are summarized in this annex and have been presented by the
respective nationa study teams during Side events at the 44th IAEA Generd Conference and the
Sixth Conference of the Parties (CoP 6) to the UNFCCC.

Within the generd criteria included in the Kyoto Protocol, the decison on which technologies are
digible for GHG mitigation under the flexibility mechaniamsis a sovereign decision of each country.

6 Source: “Carbon Dioxide Emissions in the 1990s". ECoal 2000, Vol. 35. World Codl Institute, London, UK,
September 2000.
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CHINA — NUCLEAR POWER FOR GHG MITIGATION AND SUSTAINABLE
ENERGY DEVELOPMENT

Liu Deshun, Zhao Xiusheng, Zheng Jantao’

I ntroduction: Coal-fired power plants are the mgor source of eectricity in China, accounting in 1998
for 73% of totd installed capacity. However coa-fired plants create serious air pollution problems, and
their fuel transport requirements place a heavy burden on the transportation system. Nuclear power plants
(NPPs) are therefore a potentidly attractive option for China, particularly in the coasta regions, which are
both more economicaly developed and far from the main coa minesin northern and western China.

Currently, China has no capability to build large-scale nuclear power plants. Nor would nuclear
power plantsin China be financidly competitive with cod-fired plants under fair market conditions. China
does have three NPPs currently in operation, built partly with French and British expertise and assistance,
and eight more under congtruction. These have al benefited from a number of favourable government
policies— i.e. exemptions from taxes on imported equipment and from value-added taxes, and an
eectricity purchase agreement at an artificialy high price.

TheElectric Power System in China and the Potential for Nuclear Energy

Current datus. From 1980 to 1998 China's electric power industry grew rapidly. Installed capacity grew
a an average of 8.15% annualy and electricity generation at an average of 7.83%. In 1997 and 1998,
however, there was adrop in dectricity demand growth to 4.8% and 2.8% respectivel y87, due to energy
efficiency improvements, economic restructuring associated with market reforms, and the Asian financid
criss. At the end of 1998, totdl installed eectricity capacity was 277 GW. Annua electricity generation
was 1,158 TWh.

Chind s eectricity generation mix is dominated by coal, which accounts for 73% of total ingtalled
capacity. Nuclear capacity isonly 2.1 GW, or 0.9% of total power capacity.

Future plans. The long-term planning targets for China s electric power sector for 2010 are 500-550
GW of tota ingtalled capacity, with around 20 GW of new capacity added annually. For eectricity
generation, the 2010 target is 2,500 TWh, with 6% annua growth. For 2020 the target for totd ingtaled
capacity is 750-800 GW, with around 25 GW of new capacity each year. For electricity generation, the
target is 3,200 TWh, with 4% annual growth.

These targets may yet be adjusted downwards. Electricity shortfals due to tight supplies have
declined remarkably in the past few years, given the recent dowdown in electricity demand growth. But
even with lower targets, there would remain large opportunities for investors and suppliers in the power
sector to provide financing and equipment.

Need for nuclear power: China s existing subsidies for nuclear are motivated by severa nationd
interests that would not be reflected in a private economic assessment of nuclear power. These include
energy supply security, a cleaner and more efficient energy mix, the promotion of high technology
innovation, and stimulating growth and demand in industries related to NPP construction and opertion.
In addition there are now severa environmenta concerns that might justify further subsidies, including
internationa subsidies, for nuclear power.

1 Globa environmental concerns: The eectric power sector in Chinais agrowing significant source of
CO, emissions.

7 Ingtitute of Nudear Energy Technology (INET), Globa Climate Change Indtitute (GCCI), Tsnghua University, Beijing, China
8 Source: the State Statistics Bureau, 1999,
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2 Locd environmenta concerns: It was estimated by World Bank® that China's economic losses due to
air pollution and acid rain were about 37 billion US$ in 1995, over 5% of overdl GDP.

3 Nationa trangportation concerns. Long distance transportation of coal from northern and western
China, where the principal coal mines are, to eastern and southern coastal areas, where electricity
demand is growing fastest, imposes a heavy burden on the nationd transportation system. This, in
turn, exerts upward pressure on the coa price, which reduces the competitiveness of domestic coa
againgt imported codl. In contrast, the burden of nuclear fuel transportation for new NPPs would be
dmogt negligible

However, even with its environmental and transportation advantages, nuclear power remains a
very capital- and technology-intensive electricity supply option. Asisthe case in many other developing
countries, these financia and technologica barriers till hold back the pace of nuclear power development
in China

Current developments are therefore limited to three operating reactors (with atotal instaled
capacity of about 2.1 GW), plus eight NPPs under construction (Table 2). Looking further into the
future, China has formulated nuclear power targets for 2010 of 20 GW(e) of total ingtalled capacity,
rising to 40 GW(e) by 2020. Whether or not these targets can be met will depend on financing, market
liberadlization, and the evolution of dectricity rate structures.

Table2. Nuclear Power Plantsin China

Nuclear Project Capacity Type Operation
Power Plant Phase MW(e) Time

A. Qinshan Phase-| 300" 1 PWR 1991

B. Daya Bay Phase-| 900" 2 PWR 1994

C Qinshan Phase-11 600" 2 PWR 2001 and 2002
D. Qinshan Phase-111 700" 2 CANDU

E Ling'Ao Phase-1 900" 2 PWR

F Lian Yungang Phase-| 900" 2 PWR

G Total 8.3GW(e

The need for sustainable development in China: Chinais alarge developing country with a very low
national income (769 US$ GDP per capitain 1998) and low energy consumption (1.09 tce, or 0.763 toe,
per capitain 1998°). Despite rapid economic growth over the past two decades, China il ranks among
the low and middle income countries in the world. Asindicated in the UNFCCC, the top priorities for
nortAnnex |, low-income, developing countries such as China are economic and socia development and
poverty eradication. In full recognition of these priorities, the UNFCCC and Kyoto Protocol do not
impose any GHG mitigation commitments upon developing country Parties.

Nonethdless China has devoted substantia attention to the mitigation of GHG emissions and has
adopted domestic policies and measures that are compatible with the nationd sustainable development
plan. “The Agenda for 21 Century Development in Chind’ is one principad example of China's national
srategies to abate GHG emissions and climate change. It puts forward preferentia action plans and
development projects in various priority aress.

However, China has been congtrained by barriers that hinder further development, such asthe
country’s huge population and limited natural resources per capita, its poor ecologica environment and its
vulnerable capability for mitigating and adapting to climate change. As aresult, China very much needs
assgtance, including the CDM, in pursuing sustainable development options. Thereis alarge potentid in

® World Bank : “ Chinain 2020", Sept. 1997.
0 source: The State Statistics Y earbook by State Statistics Bureau, 1998. Exchange rate: 1 US$: 8.29 Yuan RMB.
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Chinafor CDM projects, including nuclear power, and such asistance is vita for China achieving
sustainable development.

Basdline Project —Coal: Cod-fired power isthe preferred option for the next generation of investments
in China. The capitd investment ratio for a nuclear power plant in China relative to a cod-fired power
plant of the same capacity is about 2.5 to 1, rather high by the standards of industriaized countries. The
fuel cogts of nuclear power are aso high, due to the high price of domestic nuclear fudl. Table 3
caculates the incrementa costs of emission reduction for Ling' Ao’s two 900 MW(€) nuclear units
relative to a comparable coa-fired power plant. The coal-fired plant is assumed to be located in
Guangdong Province, aregion of high expected electricity demand growth. Thisiswhere the Ling' Ao
nuclear power plant is located, so that the comparison provides afair reflection of the incremental cost of
emission reduction associated with shifting from a basdline coa-fired aternative to a CDM nuclear power
plant of the same size and serving the same market.

Additionality: Table 3 shows that a nuclear power plant would lead to long-term measurable GHG
reductions of 2.85 MtC/yr rdlative to the basdline coa project, thus satisfying the CDM criterion of
environmenta additiondity.

Table 3 shows that the nuclear plant also meets the criterion of financia additiondity asit is more
expensve than the coal-fired basdine project and thus would not be built under fair market conditions.
Indeed without subsidies, tax bresks, or other financia support, the nuclear power plants necessary to
meet Chind s future targets will not be built. Thisis partly because eectricity pricing in China
incorporates socid goas aswdl as purely financid consderations. But it will also betruein an
increesingly liberaized eectricity market in the future, with cod-fired power plants remaining the most
atractive aternative to nuclear.

Nuclear power further satisfies the criterion of technology additiondity given, first, China's
current domestic inability to develop large-scae nuclear technology and, second, the redlity that dectricity
generation costs using imported technologies would, in the absence of CDM, be too high rdlative to coa-
fired plantsto be justified.

Table 3 shows the resulting mitigation costs, based on the difference in levelized generating costs
between the nuclear and cod-fired dternatives. For a CDM nuclear power project to compare favourably
economicdly to the cod-fired baseline, payments from an Annex | partner to cover the difference
between nuclear and coal generating costs would be on the order of US $45/tC (about US $12/tCO,).

Concluding Remarks: Because nuclear power is not financialy competitive with cod-fired power
plantsin China, the government has subsidized the initid stages of nuclear development due to nationd
concerns about secure energy supplies, a cleaner and more efficient energy mix, the promotion of high
technology innovation, and stimulating growth and demand in industries related to NPP congtruction and
operation. These, plus concerns about the environment and a trangportation system overburdened by coal
in the absence of imports, have led Chinato set targets for the expansion of installed nuclear capacity to at
least 40 GW by 2020, which would avoid 63 MtC of CO, emissions annually.

To meset such targets, however, Chinawill need financia support through the CDM or some
other mechanism to cover the difference between nuclear power plants costs and coal-fired power.
Assistance through the CDM would assist in meeting the goals of the UNFCCC, would contribute to
cost-€effective GHG reductions on the part of Annex | countries, would reduce air pollution from coak
fired eectricity generation in China, and by increasing the technologica and financia resources available to
China, would contribute significantly to sustainable development in China
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Table3. Comparison of baselineand CDM project technologies— China

Characteristics Units Baseline Coal
Technical

Plant lifetime year 30
Net capacity MW(e) 1,800
Load factor % 75
Net efficiency % (LHV) 37
Sulfur abatement (SO,) % 70
Nitrogen oxide abatement (NO,) % 0
Particulate abatement % 99.5
Economics

Investment costs USHKW(e) 734
Interest during construction USHKW(e) 197
Total capital investment!) MillionUS $ 1,676
Localization rate % 100
Real discount rate % 10
Fix O&M costs USHkW(e).yr 34.24
Variable O&M US$MWh

Fuel purchase costs ¥ 2.16
Totd levelized generating costs mills’kWh 41.26
BEmissions & Wastes

Ash g/kwh 50.66
Sludge from abatement g/kwh n.a

| & L level radioactive waste) m3MWh

High level radioactive waste o/kWh

Heavy metals o/kWh na
Particulates o/kWh 0.49
Sufur dioxide SO, g/kWh 4.79
Nitrogen oxides NOx o/kWh 3.92
Carbon monoxide CO o/kWh na
Methane o/kWh na
Nitrous oxideN ,O o/kWh 0.02
Carbon dioxide CO, g/kwh 241
Totd GHG emissions g C/kWh equiv. na
GHG abated g C/kWh equiv. 0
Total GHG emissions Mt C/ year 2.85
Total annua GHG reductions Mt C/ year

Mitigation costs based on levelized generating costs

Incremental generating costs mills’kWh

Mitigation costs (generation) usgitC

Mitigation costs (generation) US$Ht CO,

Mitigation costs based on levelized capital costs

Incremental capital costs MillionUS $

Mitigation costs (capital) ussit C

Mitigation costs (capital) USHt CO,

9 Total plant capital investment including interest during construction

2 Intermediate and low level radioactive waste data based on Daya Bay nuclear power station operation report.
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INDIA — NUCLEAR POWER FOR GHG MITIGATION AND SUSTAINABLE
ENERGY DEVELOPMENT

A.K. Nema, B.K. Pathak®? and R.B. Grover®®

Introduction: The increasing use of the earth’ s resources to improve our quality of life hasled to certain
ddeterious effects on the environment. The increased concentration of greenhouse gases (GHGs) is one
such important effect. GHG emissions have come primarily from industrialized countries. Currently
industrialized countries emit 11.4" tonnes of carbon per year per capita. For Indiathe corresponding
figureis 1.0, and for Chinait is 2.7. We recognize the necessity of both meeting the development
needs of al the countries in the South, and ensuring that such development is sustainable. The CDM may
have an important role to play, dthough the positions of a number of countries, including India, with
respect to the CDM appear to be ill evolving. In any event, nuclear energy should be an important
energy option under the CDM, if and when the CDM is ready to be implemented. The present study isan
atempt to understand the implications of setting up a nuclear power plant (NPP) in India as a CDM
project.

Future Electricity Demand and Basdline Capacity Mix: Table 4 presents Indid s prospective
eectricity expanson plans through 2012. The country’s total ingtalled capacity in 1997 (excluding
Andman, Nicobar and L akshadweep idands) was 84.5 GW(e), excluding 900 MW(e) from wind power.
The projected energy requirements in Table 4 also exclude Andman, Nicobar and Lakshadweep idands.

Table4. Electricity Expansion Plan for India, installed Capacity, in MW (g)

Y ear 1997 2002 2007 2012
Hydro" 21,658 31474 52,534 75534
Thermal*® 60,977 91,384 119,974 150,974
Nuclear *° 1,840 2720 3,720 7,600
Total installed capacity 84,475 125578 176,228 234,108
Total energy 39%5 570 782 1,058

requirement® in TWh

India s planning is done in terms of five-year blocks. The current five-year plan (April 1997 —
March 2002) is the ninth such plan, and is referred to hereafter smply as the “9th Plan”. Nuclear capacity
additions included in the 9th Plan, and in Table 4 through 2007, represent firm commitments. They are
planned for locations that are significantly far away from cod pit-heads where nuclear power isan
economical option, apoint we return to later. In addition, the targets in Table 4 could be revised to
increase the share of nuclear in the event that gppropriate technologies and funding mechanisms become
available, including subsidies under CDM.

1 Nudear Power Corporation of India Ltd., Department of Atomic Energy, Mumbai 400094, India

£ Bhabha Atomic Research Centre, Department of Atomic Energy, Mumbai 400085, India.

B Technical Advisor to Chairman, Atomic Energy Commission, Anushakti Bhavan, Mumbai 400001, India.
4 Humen Development Report 1998, UNDP, p202.

5 Humen Development Report 1998, UNDP, p181.

16 Human Development Report 1998, UNDP, pp180.

17 As per Centrd Electricity Authority’s report on Generating Capacity Planning Studies-1998.

B |hid.

2 As per tentative plan of Nudeer Power Corporation of India Ltd.

2 1996-97 generation figure is for public utilities taken from CEA Annua report -1998-99 issue. The other figures are demand
projections as per 15" Electric Power Survey report.
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Energy Resources and the Rationale for Nuclear Power: All forms of energy have their merits and
their congtraints. India has reasonable coa reserves — more than 200 hillion tonnes, of which about 75
billion tonnes are considered minesble reserves. Coal based power gtations will therefore continue to play
amgor role in the energy system for many years to come. However, the difficulty of transporting large
quantities of coa across the country and the environmenta problems associated with ash disposa and
emissions of both greenhouse gases and acid gases are likely to impose future additional condtraints on
cod use, beyond concerns about resource depletion. The “Fuel Map of India’, published by the Central
Electricity Authority in August 1998 recognizes that fuel handling and transportation facilities will have to
be expanded to optimize the use of indigenous resources. The report further concludes that indigenous
production will not be sufficient to meet projected requirements, and 14—15 million tonnes of coa may
have to be imported during the Sth Plan. Estimates of how long India's coa deposits will last differ,
depending on the patterns of usage and postulated growth rates that are assumed, but it appears unlikely
that the country’s cod resources will be sufficient even for this century.

Qil is mainly used in the trangport, industrial and domestic sectors. Oil and natural gas can only
be considered as short-term supplements as Indiais not endowed with adequate resources, and any
subgtantia long-term oil and gas use will have to be based on imports. India s hydropower potentia
should be exploited to the maximum extent possible, taking into account potentia population
displacements and ecologica impacts. Renewables like solar, wind, and the sustainable use of biomass
will dl play useful roles, dthough al of these need further technologica development before they can be
deployed on a commercia scale. Nuclear energy has significant potentid and in the long run, the rapid
depletion of Indid s fossil resources makes the country’ s nuclear fuel resources (natura uranium plus
large thorium reserves) an important future energy source. In the short term, nuclear power aready
enjoys alocationa advantage in regions that are far from India’ s coal-bearing aress.

Economics of Nuclear Power: The comparative economics of nuclear power plants depend on local
conditions, discount rates and the cost of other fuelslike cod and gas. Whereve fossl fuels are available
a reasonable prices, thermd power plants are obvious options for consideration. The issues to be
addressed in a comparative techno-economic andysis include the location of cod mines rdative to load
centres, coa transportation, the availability of railroads for transportation, the sulphur and ash content of
the fuel and associated environmenta impacts. Among the aternatives that should be considered,
hydropower provides low -cost electricity generation associated with large capacities, but the sites
available for new large projects are limited and the social costs of submerging large areas are very high. In
the case of natural gas, gas prices, which constitute a sizeable fraction of the electricity cost for gas-fired
plants, are subject to fluctuations due to market forces. The cogt of dectricity generated from gas-fired
plants can therefore vary substantialy depending on market conditions.

An interna study done by the Nuclear Power Corporation of IndiaLtd. (NPCIL), “Long-Term
Cost Effectiveness of Nuclear Energy —1998"%, indicates that the competitiveness of nuclear power
relative to coa-fired power varies depending on how far away the coa-fired plant is from the mine that
suppliesits cod. If the coal-fired plant can be located close enough to the pit-heed, it will be cheaper than
nuclear power. But if, in order to be close to the load centre it serves, the cod-fired plant were more than
about 1200 km away from the cod pit-head, then nuclear power is competitive. There are several regions
in the country where such distances exist between prospective power plant sites and the mines that
would supply cod, should a cod-fired plant be chosen. As shown in Table 5, for sites 1200 km from the
pit-head, the " Cost - effectiveness update 2000”2 of the above study estimates unit energy costs for
nuclear and coal-fired power a 49.07 millskWh and 50.7 millskWh respectively at a 5% discount rate
(assuming congtant prices). Given that inflation in Indiais currently about 6% and that the prevailing
interest rate is about 12%, the 5% discount rate is appropriate. For a coa-fired plant located at the pit-
head, the unit energy cogt is only 31.16 millskWh, aso shown in Table 5. In addition to the discount rate,

2 AK. Nema, “Nuclear Generation Cogt in Indid’, NuPPower, Vol.13, No.1 (1999).
2 A K. Nema, Unpublished Internal Report.
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many other factors influence the cost of dectricity. A sengtivity analysisindicates that the levelised cost is
most sensitive to the capacity factor in the case of nuclear power, and to fuel pricesin the case of thermal
power. Higher capecity factors and higher cod prices would improve the competitiveness of nuclear

power.

Basdline Project —Coal: For Indiathe basdline project against which nuclear power should be
compared depends on the location of the proposed power plant. Thus the top part of Table 5 compares
the technical datafor a nuclear power plant against two dternative basdines. First is a coa-fired plant
1200 km away from the pit-head to represent cases where the load centre location reguires siting a power
plant at least that far from cod mines. Second is a coa-fired plant located &t the pit-head to represent
cases where the load centre is rdlatively close to coal mines. As can be seen from Table 5, if a power
plant must be at least 1200 km from a pit-head, given the location of the demand center it is meant to
serve, nuclear power is economically competitive. But if the coal-fired project can be located near the pit-
head, its generation costs drop below those of the nuclear plant. In this case the coa-fired plant becomes
thelowest-cost option, and thus the basdline project for CDM purposes against which to compare
nuclear power.

Additionality: Additiona nuclear capacity is currently foreseen in India s energy development plans
because power plant expansion sites exist that are sufficiently far from coa mines to make nuclear power
competitive. However, there are also sites closer to coal mines, and in these cases nuclear power plants
are economically uncompetitive and would not be built in the absence of CDM. Thus in these cases
nuclear power meets the CDM criterion of financid additionaity. As shown in the bottom half of Table
5, replacing a cod-fired plant with a nuclear plant reduces GHG emissions by 1.87 million tonnes of
carbon (MtC) each year, thus also meeting the criterion of environmental additionality. The total emission
offset over the lifetime of the nuclear power plant is 56 MtC. As shown in the table, the mitigation costs,
based on levelised generating cost differences, are 57 USHC based on a basdine coa-fired plant located
a the pit-head. As one considers Sitesthat are progressively further away from the pit-heed, the
mitigation cogts of nuclear power relative to a cod-fired basdine project decline.

Concluding Remarks: Substantial environmental damage has dready been caused by the profligate use
of energy by the industrialized countries. In the effort to limit further damage most cost-effectively, it is
possible to cdculate mitigation costs associated with clean technologies using a mutudly agreed
framework aong the lines of thet above. But it must be remembered that any benefits in the form of
mitigation cost payments to developing countries that did not cause the damage in the first place, would
amount to only token payments falling far short of any plausible level of just compenstion.

In that context, any assessment of possible CDM options for India must recognize that while
cod-based power plants will continue to play amagjor role in India for many years to come, research,
development and demongtration (RD& D) is needed to solve environmenta problems related to the
disposal of ash and emissions of greenhouse gases and acid gases. RD&D is dso needed to increase the
share of non-conventiond sources like solar, biomass and wind in the energy mix. Nuclear power is of
importance to India because it has alarge, well-qualified and potentialy unlimited resource base (based on
adosed fud cycle gpproach), does not emit GHGs, and, depending on location, has potentialy favourable
economics versus cod. In the long term, if we ar e to preserve the environment, it will be necessary to tap
this source to the maximum extent feasible.
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Table5. Comparison of baselineand CDM project technologies— India

Characteristics Units Coal 1200 km Coal
from pit head at pit head

Technical

Plant lifetime year 30 30

Net capacity MW(e) 1,000 1,000

Load factor? % 68.5 68.5

Net efficiency % (LHV) 30 30

Sulfur abatement (SO,) %

Nitrogen oxide abatement (NO,) %

Particul ate abatement % 99.5 99.5

Economics

Investment costs’ USHkW(e) 1,107 1,107

Interest during construction USHKW(e) 134 134

Total capital investment®) Million US $ 1,241 1,241

Localization rate % ~100 ~100

Redl discount rate % 5 5

Fix O&M costs USHkW(e)yr 27.7 27.7

Vaiable O&M US$/MWh 0.00 0.00

Fud purchase costs?) $& 241 0.94

Tota levelized generating costs mills/lkWh 50.70 31.17

Emissions & Wastes

AgP) g/kWh n.a na

Sludge from abatement g/kWh na na.

Intermediate level rad. wasté g/kWh

High level radioactive waste g/kWh

Heavy metals o/kWh na na

Particulates g/kWh 0.99 0.99

Suifur dioxide SO , g/kWh 7.8 7.8

Nitrogen oxides NO, g/kWh 335 3.35

Carbon dioxide CO, o/kWh 312 312

Tota GHG emissions g C/kWh equiv. 312 312

GHG abated g C/kWh equiv. 0 0

Totd GHG emissions Mt C/ year 187 187

Totd annua GHG reductions Mt C/ year 0.00

Mitigation costs based on levelized generating costs

Incremental generating costs mills/lkWh

Mitigation costs (generation) US$/t C

Mitigation costs (generation) USHt CO,

Mitigation costs based on levelized capital costs

Incremental capital costs Million US$ 0

Mitigation costs (capital) US$it C

Mitigation costs (capital) USHt CO,

g Does not account for decrease of availability during the period of plant refurbishment.

2 Including discounted cogt of refurbishment, working capital and its pay back at the end of plant life.

3 Total plant capital investment including interest during construction.

4 Based on gross generation.

9 While exact data are not available, Indian coals have very high ash content.
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at pit head

1,577

352
1,929
~100

93.5
0.00
0.87

49.07

0.032
0.0036

312
0.00
187

17.90
57.3
15.6

687
23.9
6.5



VIET NAM — NUCLEAR POWER FOR GHG MITIGATION
AND SUSTAINABLE ENERGY DEVELOPMENT

Le Doan Phac, Nguyen Tien Nguyen, Le Van Hong®
Nguyen Huu Thanh, Nguyen Anh Tuan*

Introduction: The Government of Viet Nam has recently formulated a national energy programme
entitled Strategy and Policy of Sustainable Energy Development. Its aim is to define a development policy
for the country for the period from 2000 to 2020. The main objectives of the national energy programme
ae

Increasing energy efficiency and demand side management (DSM)
Expanding rurd eectrification

Defining an energy price policy (e.g. pricing such that revenues cover costs)
Minimizing environmenta impacts

Encouraging private investment in the energy and eectricity sectors

Energy supply security

Diversifying energy sources, and

Exploring the potentid role of nuclear power in Viet Nam

N A~WDNE

In formulating this programme, one of the objectives has been to minimize environmenta
impacts, as noted in Item 4, including those caused by the eectricity sector. Neverthe ess, the shortage of
investment capitd in Viet Nam and the difficulty of securing favourable financid arrangements are crucid
obstacles to the introduction of new technology options to mitigate GHG emissions.

Viet Nam views CDM as an opportunity to find ways to overcome such problems and expects
that dl GHG mitigating technologies will be considered equaly under the CDM.

Current Economic and Electricity Situation: As aresult of economic reforms launched in 1986,
GDP growth from 1989 to 1997 averaged 7.0% per year. However, because of Asd sfinancid crisisin
late 1997, GDP growth in 1998 and 1999 remained below target. Commercia energy consumption
increased about two-fold between 1990 and 1997, but actually decreased in 1998 and 1999 because of the
Asian crigis, especidly in terms of industrial cod and eectricity demands. While Viet Nam is a net energy
exporter, it imports refined oil productsin order to meet final energy demand. In 1998, energy exports
were 2.9 million tons of coa and 12.4 million tons of crude ail, while imports were 6 million tons of oil
products.

In 1999, the total ingtalled electric capacity reached 5,765 MW, corresponding to an available
capacity of 5,384 MW. Installed capacity was composed of 53% hydropower, 22% coal-fired power,
and 25% diesdl and gasturbine. Tota eectricity generation reached 23,739 GWh, of which hydropower,
cod-fired, and diesdl and gas turbine shares were 58.7%, 22.7%, and 18.6% respectively.

Over the period 1991-1999, electricity generation has increased 2.7 times with an average growth
rate of 12% per annum. In the three years 1994-1996 dectricity growth reached 17% per year, compared
to annua GDP growth of 9% in the same period. Although the GDP growth rate decreased to 4.8% in
1999, dectricity generation continued to grow a 9.6%. The share of hydropower in the nationd
eectricity supply mix declined from 70.5% in 1996 to 58.7% in 1999 as aresult of severa new thermal
plants coming into operation. In the interests of eectricity supply security, the Government of Viet Nam
plans to reduce the hydro share to below 50% by 2003.

3 Vit Nam Atomic Energy Commission (VAEC).
% |ndtitute of Energy (IE) Viet Nam.
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Projected Electricity Demand through 2020: Three scenarios of future electricity demand through
2020 have been deve oped based on past demand growth, indigenous fuel supplies, and eectricity import
potentials from neighbouring countries. The three demand scenarios reflect three different economic
development scenarios. Electricity demand increases by average annual growth rates of 9.5%, 10.2% and
11.0% corresponding to average GDP growth rates of 6.4%, 6.8% and 7.4% respectively.

Base Scenario: The middle scenario of these three is labelled the base scenario. Electricity demand rises
to 167 TWh in 2020, requiring total capacity additions on the order of 30 GW, including more than 10
GW hydro, 10 GW gas-fired, 4 GW coal-fired, 100 MW geothermal, 4 GW of imported dectricity, and
1.2 GW of nuclear power. Thetota primary energy demand for dectricity generation is estimated to be
approximately 20 Mtoe. Table 6 shows the evolution of the eectricity supply mix in the base scenario.

Table6. Installed Capacity by Fuel Typesin the Base Scenario (MW)

Year 2000 2005 2007 2009 2010 2015 2020
Hydro 3,234 4,508 5,371 6,141 6,461 10,606 13794
Cod 640 1,890 2,190 2,640 2,940 3,340 4,840
Gas+ Qil 2,252 4,777 5,497 6,217 6,517 8,737 10,857
Geothermal 50 100 100 100 100 200
Nuclear 1,200
Elec. imports 300 600 1,000 2,000 4,000
Total 6,126 11,225 13,458 15,698 17,018 24,783 34,791

CDM — A Mechanism to Assist in Achieving Sustainable Development in the Electric Power
Sector: Viet Nam isacountry with alow level of economic development. Shortages of both new
technologies and capitd investment create problems for the implementation of electric power projects.

For reasons of economics, financing and technology availability, Viet Nam's energy policy must
give top priority to the use of indigenous primary energy sources. Only when indigenous energy options
cannot meet the eectricity demand should imports and nuclear power be considered. According to the
base scenario of Table 6, this Stuation could arise as early as 2007, and through 2015 imported dectricity
and imported cod are the principa supplementsto domestic options. In the base scenario nuclear power
remains uncompetitive, and beginning around 2010 Viet Nam imports increasing amounts of coa for
eectricity production. Such imports are expected to creste a number of problems. In addition to their
implications for energy supply security, they will place increasing burdens both on the environment and
on Viet Nam's poor technical infrastructure for cod handling and trangportation. By 2020, in the basdline
scenario, these burdens are sufficiently costly that nuclear power becomes a smdl part of the least-cost
energy mix. However if, through the CDM, nuclear power could displace enough of the projected
expangion in cod-fired capacity to eiminate the need for coa imports through 2020, it would reduce Viet
Nam'’s annual coa demand by up to 13 Mtce, and the country’s annual GHG emissions by up to 6.5
million tonnes of carbon (MtC) (24 MtCOz), aswell as reducing locd air pollution and regiona
acidification.

Nuclear power could thus play an active role in sustainable development in Viet Nam and
contribute to the mitigation of global GHG emissions. Viet Nam, like other developing countries, expects
that nuclear power will be digible as a CDM technology, and hopes that through the CDM we will find a
way, in cooperation with developed countries, to overcome the barriers currently hindering nuclear power
development in Viet Nam.

Basdline Project —Coal FGD: In this section we compare nuclear power and other potentid CDM
options to a basdine coa-fired power plant. For the baseline power plant we use the technology
representing the next investment cycle in Viet Nam, i.e. advanced cod flue gas desulfurization (FGD)
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technology with the following combustion characteristics: 0.52% sulfur, 28% ash, and 10.5% moisture
(dl by weight) and a heating value of 21.14 GJtonne. As dternatives to this basdine, five potentid CDM
options are analyzed: a cod-fired integrated gasification combined cycle plant (IGCC), a CANDU-6
nuclear power plant, afue oil-fired power plant (FO), awind generator, and aflat plate solar photovoltaic
facility (PV). To facilitate the comparison, dl the CDM options have been scaled so that their maximum
eectricity generation levels are equdl.

The data assumptions and results are given in Table 7. The upper portion of the table presents the
essentia technical data on all Six technologies. After adjustments to equate the maximum electricity
generation levels of dl six, the bottom haf of the table caculates GHG mitigation codts, first, based solely
on leveized generation cost differences and, second, based on levelized capital cost differences.

Additionality: The resultsin Table 7 indicate that the nuclear power would reduce GHG emissions by
1.22 MtClyr compared with the coa basdline project. Because nuclear power is more expensive than
cod, the coa basdine project would be the preferred choice on economic grounds alone. Thus nuclear
power satisfiesthe CDM financid additiondlity criterion. Among the CDM dternativesin Table 7, nuclear
power is also the least expensive. Its associated mitigation costs are US $33.38/tC (US $9.1/tCQO,). The
next closest dternative (wind) is 1.7 times as expensive. Both wind and solar power are intermittent
energy sources, however, and are expected to account for only avery small percentage of Viet Nam's
main eectricity grid in 2020. Their principa nicheis expected to be off-grid, for eectric power supplies
for idands, remote villages, and other small-scale or remote applicetions.

Thus nuclear technology appears an atractive CDM option for Viet Nam.

It would contribute to Viet Nam' s sustainable devel opment, firgt, by directly diminating both the locd
ar pollution and GHG emissions that would be associated with the leest-cost basdine dternative,
additiona cod-fired capacity, and, second, by providing new technology and financial assistance that
would help the country proceed more quickly toward its overal development and Strategic goals.

It would help Annex-I investor countries achieve cost-effective compliance with the quantified
emission limitations and reduction commitments under Article 3 of the Kyoto Protocol.

It would contribute directly to global GHG emission reductions.

It would satisfy the CDM additionality requirement, given its unattractive economics relative to cod
in the absence of the CDM.

Concluding Remarks: Viet Nam recognizes the ongoing controversiesin anumber of developed
countries about their own use of nuclear power. We aso recognize that some of those opposed to nuclear
power in their own countries have extended their opposition to include nuclear power in developing
countriesif it is proposed as part of a CDM project. Viet Nam believes that such controversies are for
nations to deal with domesticaly. The issue of nuclear power development is one that each country
should decide on its own. No country should try to impose its internal choice on other countries,
particularly under the guise of the CDM, with its otherwise substantia potentia for technology transfer,
cost-€effective GHG mitigation, and sustainable development. In the common effort of al countriesin the
world to protect the Earth’s atmosphere, each party has the right to choose its preferred clean
technologies within the sugtainability, development, and efficiency objectives of the CDM.
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Table 7. Comparison of baselineand CDM project technologies— Viet Nam

Characteristics

Technical

Plant lifetime

Net capacity

Load factor

Net efficiency

Sulfur abatement (SO,)

Nitrogen oxide abatement (NO,)
Particul ate abatement

Economics

Investment costs

Interest during construction
Total capital investment
Localization rate

Red discount rate

Fix O&M costs

Variable O&M

Fuel purchase costs

Tota levelized generating costs

Emissions & Wastes

Ash

Sludge from abatement

| & L level radioactive waste?)
High level radioactive waste
Heavy metals

Particulates

SQufur dioxide O 5,

Nitrogen oxides NO,

Carbon monoxide CO
Methane

Nitrous oxide N ,O

Carbon dioxide CO,

Tota GHG emissions

GHG abated

Tota GHG emissions

Totd annua GHG reductions

Units

year
MW(e)
%
% (LHV)
%
%
%

USHkW(e)
USHkW(e)
Million US $
%

%
USHkW(e)yr
US$/MWh
$GI
millskWh

g/kWh
g/kwh
m3/GWh
g/kWh
g/kWh
gkWh
g/kWh
g/kWh
g/kWh
g/kWh
g/kWh
g C/kWh

g C/kWh equiv.
g C/kWh equiv.

Mt C/year
Mt C/year

Mitigation costs based on levelized generating costs

Incremental generating costs
Mitigation costs (generation)
Mitigation costs (generation)

millskWh
US8$t C
USHt CO,

Mitigation costs based on levelized capital costs

Incremental capital costs
Mitigation costs (capital)
Mitigation costs (capital)

MillionUS $
USsHt C
US$t CO,

Baseline
Coal

30
300
70
34

o

973
99
772
50
10
31.36
2.40
1.23
39.08

96.3

0.038
0.693
5.08
2.99
0.13
0.01
0.0075

275

276

122

9 Total plant capital investment including interest during construction.

2 Intermediate and low levd radioactive waste.
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CDM CDM CDM
Coal Fuel Oil Nuclear
0 25 30
300 600 672
70 70 75
4 34 33
80 J—
g) —
99.5 —
1,577 771 1,562
253 79 482
1,318 612 1,374
40 50 15
10 10 10
35.2 115 52.56
3.60 1.75 1.29
1.23 3.02 0.55
51.06 50.87 48.29
74.4
0.016
0.074
na
0.027
0.433 0.1
1.106 0.021
0.299 0.003
0.09 0.15
0.0077 0.01
0.0058 0.0039
213 237
213 237 0
63 38 276
0.94 1.05 0.00
0.28 0.17 122
11.98 11.79 9.21
191.0 306.5 33.4
52.1 83.6 9.1
546 -160 602
209.1 0.0 52.4
57.0 0.0 14.3

CDM
Wind

15
0.5

32

100

1,200

1,890
15
10
204
4.05

67.61

276

122

28.53
103.4
28.2

1,118
120.7
329

CDM
Solar PV

15
10
20
100

6,000

15,120
15
10
10

455.96

276

122

416.88
15113
412.2

14,348
1549.0
4224



PAKISTAN — NUCLEAR POWER FOR GHG MITIGATION
AND SUSTAINABLE ENERGY DEVELOPMENT

Mohammad Ahmad, A. I. Jdd, A. Mumtaz and M. Latif®

Introduction: Although Pakistan’s contribution to globa GHG emissionsis very smal (currently only
0.3% of world-wide emissions), it shares with the world community the concerns of climate change due
to the build-up of GHGs. Pakistan is committed to co-operating with globa efforts to avert the potentia
threat of global warming and is aready working towards its own socio-economic development in a
sustainable manner. However, due to the country’s limited technical and financia capabilities, its efforts
are diluted and limited to only high priority areas of nationd interest. Thereis alarge potentia for
expanding these efforts, if the necessary technica and financid support can be made available, and such
an expansion would contribute significantly to the callective globa objective of sustainable development.
One such step is the reduction of GHG emissions from Pakistan’ s power sector by introducing advanced
cleaner technologies. Nuclear power is one such technology.

Current Energy and Electricity Situation: The present level of commercia energy and electricity
consumption in Pakistan is 0.3 toe/capita and 492 kWh/capita, respectively. These vaues are about one-
fifth of the world average and only one-twentieth of the OECD average. During 1998—99 the totdl
primary energy supply was 41.7 million tons oil equivalent (Mtoe), of which oil represented 42.8%, gas
38.6%, cod 5.2%, LPG 0.4%, hydroelectricity 12.8% and nuclear eectricity 0.2%. In addition, about 25
Mtoe of traditiona fuels, firewood, crop and anima wastes were used. Pakistan plansto gradually replace
these with commercid fuels, which would provide significant socia and environmental benefits to the
rurd population.

The total dectricity generation capacity in Pakistan is about 16,916 MW, approximately two
thirds of which is based on oil and gas. Hydro capacity is 4,884 MW while cod and nuclear are 162 MW
and 137 MW respectively. Over the last five years, therma capacity has dmost doubled including about
4,000 MW from private sector IPPs. An additiona 2,285 MW of private power generation capacity will
become operationa by 2003. These plants will be using furnace oil and gas.

At present, thereis a surplus of power generation capacity of about 2,000 MW due to the recent
dowdown in economic growth. Nevertheless, this trend will not continue for long. The ongoing efforts
to revive the economy will lead to increased economic growth, which will require arapid expansion of
the electricity supply system.

Future Electrical Demand and Capacity Requirements: The average economic growth rate in
Pakistan over the last few years (1993-1998) has been 4.5% per year, much lower than the historical
average of 6%. This lower economic growth has dowed growth in eectricity demand to some 5.0% per
year, in contragt to the long-term historica growth rate of about 910%. In view of thisredity, the
Working Group on Energy for the Ninth Five Year Plan (1998-2003) and Perspective Plan (1998-2013)
has projected that dectricity demand will grow at about 7% per year up to the year 2003, and at 8-9%
thereafter. To match these growth rates, very large capacity additions of some 55,000 MW will have to
be made over the next 25 years.

Indigenous Ener gy Resour ces: At present Pakistan imports about 80% of the ail it consumes. These
imports amount to one third of the country’stotal commercia energy use. This energy import
dependence of Pakistan, in spite of its very low level of per capita energy consumption, isaresult of its
relatively poor fossil fuel reserves. Total proven fossil fud reserves are 2086 Mtoe, comprising 363 Mtoe
of gas, 34 Mtoe of oil and 1689 Mtoe of cod.

5 Applied Sysems Andysis Group Pakistan Atomic Energy Commission
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Natura gas at present supports about 25% of the power generation capacity. Additiona gas
commitments for power generation can only be made if new large gas fields are discovered. The largest
foss| fuel resource isthe Thar coafield in Sind province, with estimated measured, indicated, inferred
and hypothetica resources of over 175,000 million tonnes. Although, these resources have yet to be
investigated in detail for their reserve estimates, mineghility and quality of cod, they offer alarge potentia
for future power generation. Thereis also some 30,000-40,000 MW of hydropower potential, but only
15% of this potentia has been exploited so far, while another 1,634 MW of hydro capacity (Ghazi,
Barotha and Chashma) is under construction. Future development of hydropower is, however,
congtrained by a combination of techno-economic, environmenta and socio-palitical factors.

Nuclear power technology was introduced in Pakistan by building a 137 MW CANDU-type
plant in 1971. The second nuclear power plant, a 325 MW PWR unit at Chashma, has recently been
completed and connected to the national grid, and will shortly start commercia operation. Nuclear power
has dways had a great potentid in Pakistan, but this potential has remained largely untapped due to
financid difficultiesand alack of adequate technica capabilities. If technical and financid support is
available, nuclear power can play a more sgnificant role in the coming decades.

Policy Guidelines for the Medium to Long Term Development of the Power Sector: The power
sector in Pakistan, like other countries, is undergoing restructuring. Independent power producers were
introduced in the early 1990s, and the public utility is being unbundled. It has been decided that al future
plants will be built by the private sector, with two exceptions: large hydropower plants and, athough they
have not been specificaly mentioned in government policies, nuclear power plants. For the medium term
al capacity additions will be based on indigenous coa and hydropower. Imports of natural gas are dso
being planned, a portion of which will be alocated to the power sector, partly for fue-switching at
exiging oil-fired power plants and partly for new combined cycle gas-fired plants. A modest nuclear
power programme will aso be pursued in the public sector.

Baseline Electricity Scenario: Consistent with formal policy guiddines, the principa possible supply
options are hydropower, indigenous coa, imported gas and nuclear. Because dl these options have fue
supply or capacity addition limits, oil-fired power plants are dso included as a possible option to fill future
gaps between demand and supply.

The basdine eectricity projection in Table 8 includes the introduction of advanced high-efficiency
technologies. Specificaly, an advanced steam cycle technology for coal-based plants with a 40%
efficiency (compared to 37% for conventional coa plants) is assumed to be available in Pakistan after
2010, as are high-efficiency (55%) combined cycle plants.

Fuel pricesfor oil, gas, cod and uranium are assumed to remain constant in real terms over the
planning horizon. The capital cost assumptions for various technologies are derived from historica
experience in the country and the latest information available on experience in other countries. An
interest/discount rate of 10% has been used for this andysis. All technological options considered for
future expansion are assumed to satisfy Pakistan's current National Environmentd Quality Standards
(NEQS) for particulates, SO, and NO, emissions.

Using these assumptions and the government’s policy guiddines, aleast-cost expanson plan for
eectricity generation was developed using WASP-V. The total power capacity additions required over
the next 25 years are on the order of 55,000 MW. The capacity additions of varioustechnologies are
shown in Table 8.
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Table 8. BasdineElectricity Generation Capacity Mix (MW)

Year 2000 2005 2010 2015 2020 2025
Hydro 4,884 6518 8,518 12,878 15,662 16,502
Coadl 162 130 1,350 3,150 12,150 16,150
Oil 6,400 6,356 6,356 8,270 12534 27,464
Ges 5,333 7,140 10,161 13,148 11,704 11494
Nuclear 137 462 462 325 325 325

Under conservative cost assumptions for nuclear power plants (US $2000/kW capita cost,
seven-year congtruction period and no increases in the prices of dternative fuels) they are not part of the
leest-cost expansion plan. However, for an overnight capital cost of about US $1800/kW, and a
congtruction period of six years, nuclear units would become part of the least-cost solution.

Basdline Project —Coal: A large amount of cod-fired capacity is part of the least-cost expansion plan
that is shown in Table 8. In assessing nuclear power as a CDM option, we therefore use as a basdine
dternative a 600 MW cod-fired unit with the characteristics shown in Table 9.

Additionality — Nuclear: Nuclear power technology offers long-term measurable GHG reductions if it
can replace technologies, like cod, that emit GHGs. As shown in Table 9, assuming a discount rate of
10% and a capacity factor of 70%, replacing a 600 MW coa-fired unit with a nuclear power plant avoids
about 0.9 million tonnes of carbon (MtC) annualy (3.6 MtCO) at a cost of US $26.4/tC. GHG
mitigation based on an alternative option, wind, would cost US $89.3/tC equivaent.

Nuclear power satisfies financid additiondity given that, absent CDM, the cod basdine project
shown in Table 9 would be the economicaly preferred dternative. A smplified financid andlyss shows
that to recoup the cogt differential between nuclear power and the coa basdlinein only 15 years, instead
of 30, would reguire sdling CO; credits at US $33/tC, instead of the US $26.4/tC shown above and in
Table 9. This price compares very favourably with the estimated margina costs of GHG emission
reductions in many Annex | countries, which range from about US $120 to 580/tC assuming only
domestic measures are available for meeting Kyoto commitments.

Concluding Remarks: This case study has shown that nuclear power is a cost-effective CDM option
for Pakistan. Nuclear power satisfies the CDM’ s additionality criterion, as new coal-fired plants will be
built instead of nuclear power in the absence of CDM, and a nuclear plant would reduce GHG emissions
0.89 MtClyr relative to a 600 MW coad-fired basdline alternative. Nuclear power would provide additiond
tangible environmenta benefits through reductionsin SO,, NO,, particulates, and other emissions.
Further benefits of using this technology in Pakistan include securing a religble supply of dectricity and
enhancing the technologica capabilities of the country. All these will add to Pekistan's sustainable socio-
economic development.
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Table 9. Comparison of basdineand CDM project technologies— Pakistan

Characteristics

Technical

Plant lifetime

Net capacity

Load factor

Net efficiency

Sulfur abatement (SO,)
Nitrogen oxide abatement (NO,)
Particul ate abatement

Economics

Investment costs

Interest during construction
Total capital investment)
Localization rate

Real discount rate

Fix O&M costs

Variable O&M

Fuel purchase costs

Total levelized generation costs

Emissions & Wastes

Ash

Sludge from abatement

| & L level radioactive waste?
High level radioactive waste
Heavy metals

Particulates

Sulfur dioxide SO,

Nitrogen oxides NO,
Carbon monoxide CO
Methane

Nitrous oxide N ,O

Carbon dioxide CO,

Total GHG emissions

GHG abated

Total GHG emissions

Totd annua GHG reductions

Units

years
MW(e)
%

% (LHV)
%

%

%

US$kW(e)
US$KW(e)
Million US$
%

%
US$/kW(e)yr
US$/MWh
USHGJ
millskWh

g/kwWh

g/kwWh

o/kwWh

o/kWh

g/kWh

g/kWh

g/kWh

g/kwWh

g/kwWh

g/kwWh

o/kwWh

o/kWh

g C/kWh equiv.
g C/kWh equiv.
Mt C/ year

Mt C/ year

Mitigation costs based on levelized generating costs

Incremental generating costs
Mitigation costs (generation)
Mitigation costs (generation)

millskWh
USS$ItC
US$1CO,

Mitigation costs based on levelized capital costs

Incremental capital costs
Mitigation costs (capital)
Mitigation costs (capital)

million US$
US$itC
USHtCo,

Baseline
Coal

30
600
70
37
60
40
99.5

1,250
232
889

25
10
24

3.50

1.89
51.48

69.3
ne.

na
0.4
7.6
3.7
na
0.01

0.014

237
242

0.89

9 Total plant capital investment including interest during construction.
2 Intermediate and low-level radioactive waste.

33

CDM
Nuclear

30
600
70
33

2,000

703

1,622

20

10
33.96
0.56

0.458

57.85

242
0.00
0.89

6.38
26.3
7.2

733
87.3
238

CDM
Wind

20
14
26
100

1,100
97
1,934
20
10
25.92

73.11

242
0.00
0.89

21.63
89.4
24.4

1,044
137.8
37.6



KOREA — NUCLEAR POWER FOR GHG MITIGATION
AND SUSTAINABLE ENERGY DEVELOPMENT

Chae-young Lim?® and Keun-sung Lee”

Introduction — national overview: The Republic of Korea occupies the southern half of the Korean
Peninsula. Kored' s population in 2000 is 47.3 million, and the population dengty is over 450 persons per
km?, the third highest in the world. However, the effective implementation of family planning policies
has dowed population growth from 3.0% in 1960 to less than 1% currently. Korea s economy has
changed markedly in every respect since the government launched a series of economic development
plansin the early 1970's. Average economic growth over the last decade was above 8% per yesr,
excluding the financid crisis period. 2 High economic growth has inevitably led to rapid growth in energy
consumption. Due to alack of domestic energy resources, the overseas dependence rate of energy
consumption has continuoudly increased from 47.5% in 1970 to 97.5% in 1997. Especidly fossil fues,
such as ail, coal, and gas, accounted for 88.2% of total energy consumption in 1997. These also caused
arapid increase in greenhouse gas emissions including CO.. In 1997, 140 million tonnes of carbon (MtC)
was emitted — 1.8% of total world greenhouse gas (GHG) emissions.

Projection of energy demand and CO: emissions. Since the 1980s, chemical and heavy industries
have grown rapidly, with their share of GDP rising to 76.2% of the total manufacturing sector in 1996.
The increase of industria activities boosted energy consumption and greenhouse gas (GHG) emissions.
To fue rapid economic growth, primary energy consumption aso increased from 43.9 million tonnes ail
equivaent (Mtoe) in 1980 to 165.2 Mtoe in 1996, a growth rate of 7.8% per year from 1980-1990 and
10.0% from 1991-1996. The combination of stable population growth and rapid economic growth
brought an increase in per capita energy consumption that reached 3.63 toe in 1996. Nevertheless, that
vaueis ill lower than the average among other OECD countries.

Table 10. Energy demand projection and the CO, emission projection

1985 1990 1995 2000 2005 2010 AAGR(%)
86-95 96-2010

Primary energy 56.3 93.2 150.4 2134 272.9 328.1 10.3 5.3
Demand (Mtoe)
Energy/GDP 051 0.52 0.58 0.60 0.58 054 15 0.6
(toe/90yr Mwon)
Per capitaenergy 14 22 3.4 4.6 5.7 6.6 9.3 4.6
Consumption (toe)
QO, emissions 44.0 65.2 101.2 148.5 187.4 217.0 8.7 5.2
(MtC)
Per capitaCO, 11 15 2.3 32 3.9 44 7.7 45
Emission (tC)
QO/GDP 0.39 0.36 0.39 042 0.40 0.36 -0.1 0.7
(tC/90yr Mwon)

Economic growth is an important factor determining future energy demand. The energy demand
projection used in this case study is based on the assumptions of the economic growth forecast in the
Long-term Economic Management Plan of 1992, with the actual energy consumption datafor 1996 asa
starting point. Table 10 shows the energy demand projection and CO» emission projection given in the
National Communication of 1998.

% K orea Atomic Energy Research Ingtitute (KAERI).

' K orea Electric Power Corporation (KEPCO).

2 Thefinandd crisis began in the 4th quarter of 1997. For 1997 as awhole, economic growth was 5.0%. 1n 1998, it was —6.7%. 1n 1999, it
rebounded to 10.7%.



GHG mitigation policies and measures. After Korearatified the United Nations Framework
Convention on Climate Change (UNFCCC) in December 1993, environmenta considerations became an
important factor in policy-making. In this respect, Korea has intensified its efforts to reduce GHG
emissions to combat globa warming. Given its heavy dependence on foreign imports for energy
resources, the Korean Government has undertaken a variety of measures to promote rational energy use.
In the energy sector, those efforts include energy conservation, inter-fue subgtitution with nuclear and
LNG, energy technology development, and demand side management.

The 5th Long Term Power Development Plan: The government of Koreg, in consultation with the
Korea Electric Power Corporation (KEPCO), revises the Long-term Power Development Plan every
two years and released the fifth Long-term Power Devel opment Plan on January 13, 2000. The new plan
covers aplanning period of 17 years from 1999 to 2015. Its fundamenta objective isto achieve astable
power supply while maintaining minimum costs and an optimum combination of energy resources. To
meet future eectricity demand, the Long-term Power Development Plan requires new generating
facilities with a capacity of 45,130 MW. Thetotal capacity of dl generation facilitiesin 2015 will be
79,055 MW, of which nuclear power plants will contribute 33.0%, coa-fired plants 26.8%, LNG
combined cycle plants 23.8, ail-fired plants 7.6%, and hydro and other plants 8.8%.

Table 11. Compoasition by Plant Capacity (MW(ge))

Item 1999 2000 2005 2010 2015 Ave.growth

1999-2015
Nuclear 13,716 13,716 17,716 22,529 26,050 4.01%
Cod 13,031 14,031 18,165 20,565 21,220 3.05%
LNG 12,368 13,289 16,464 18,387 18,850 2.63%
Oil 4,716 4,866 4,866 6,806 6,001 1.51%
Hydro 3,148 3,148 4,404 6,324 6,934 4.94%
Total 46,978 49,050 61,614 74,611 79,055 3.25%

The 5th Long-term Power Development Plan will be affected by on-going restructuring and
privatisation in the dectricity sector. After privatisation, the Long-term Power Development Plan will
serve only as aguiddine. It will no longer effectively guarantee the construction of scheduled power
plants.

Restructuring and privatisation in the electricity sector: KEPCO (Korea Electric Power
Corpordtion) is an integrated eectric utility company and the only company engaged in the transmission
and didtribution of dectricity in Korea. KEPCO owns gpproximately 94% of the totd dectricity
generaing capacity in Korea, excluding plants generating dectricity primarily for private or emergency
use. On January 21, 1999, MOCIE (Ministry of Commerce, Industry and Energy) published a Plan for
Restructuring the Electricity Industry in Korea. The overall objectives of the Restructuring Plan are to
introduce competition and thereby increase efficiency in the Korean dectricity industry. The
Restructuring Plan sets forth the Government’ s broad policy directions and calls for flexible
implementation over the next 10 years or more. Asthe 1st phase of restructuring, KEPCO will separate
its non-nuclear generating capecity into 5 wholly-owned generation subsidiaries, each with itsown
management structure, assets and liabilities. KEPCO will also separate its nuclear generating capacity into
a sngle separate generation subsidiary which will remain wholly-owned by KEPCO for the foreseeable
future. KEPCO will retain its monopoly position with respect to transmission and distribution. In the 2nd
phase, which is expected to run through December 31, 2002, KEPCO intends to sdll its non-nuclear
generation subgdiaries.

Basdline Project —Bituminous Coal: The objective of this case study is to estimate the costs and
benefits of possible CDM projects for dectricity generation. For that purpose, we assume that Koreg, as
anon-Annex | country, is able to host CDM projects and wants to substitute for a planned new
bituminous coa-fired power plant (with costs and characteritics identical to the most recent such plants)
ather agas-fired combined cycle plant or anuclear power plant. Cod-fired power plantsin Korea can be
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divided into two types. One type uses indigenous anthracite cod, while the other uses bituminous coa
imported from abroad. In the case of anthracite coal-fired plants, because the cod is of low quality and
produced in degp underground mines, generation costs are much higher than for bituminous cod-fired
plants. A new prospective bituminous coa-fired power plant is thus the least-cost basgline againgt which
the nuclear and gas-fired options need to be compared. All are considered as baseload power supply
options.

CO;, emissions were calculated using emission factors from the IPCC. Mogt of the data used in
this case dudy are very close to the input detain the actud nationa long-term expansion plan. Some
values are changed for smplicity. Specifically, a uniform lifetime of 30 years was assumed for dl three
options and plant sizes were adjusted to 500 or 1000 MW(e) to facilitate comparison.

Additionality: Table 12 shows that, compared to the basdline bituminous coal-fired power plant,
nuclear power would be the more economic carbon reduction option, assuming aload factor of 70% and
a discount rate of 8%. The cost of carbon reduction for nuclear power is 4.22 $/t C, which is quite small
compared to that for the gas combined cycle plant, about 71.70 $/t C.

Because the carbon reduction costs of the two CDM technologies depend on several crucid input
variables such as the discount rate and load factor, we conducted sensitivity analyses with respect to
these two input variables. Varying first just the discount rate, we found that the carbon reduction cost for
nuclear power becomes negative for discount rates below 6.57%. Thus, if the appropriate discount rate
were below this value, nuclear would be the least-cost option and indligible as a CDM technology. At a
discount rate of 15.0%, the carbon reduction cost for nuclear power would equal that for the gas
combined cycle plant, and if the discount rate were higher than 15.0%, the gas combined cycle plant
would be a more economic CDM project than nuclear power. For discount rates over 19.0%, the gas
combined cycle plant becomes the least-cost option and thus the appropriate new basdine against which a
possible nuclear power CDM project should be compared.

A smilar situation is found in the case of the load factor. If the load factors for al three
technologies are above 78.1%, then nuclear power becomes the least-cogt option and thus indligible as a
CDM project. For load factors from 78.1% down to 45.0%, the least-cost baseline isthe coal-fired plant
and nuclear power is the most economic CDM option. For load factors from 45.0% down to 37.1%, the
cod-fired plant remains the least-cost basdline, but the gas-fired combined cycle plant works out to be the
most economic CDM option. And finaly, for load factors below 37.1%, the gas-fired combined cycle
plant becomes the least-cost basdline against which a possible nuclear power CDM project should be
compared.

Concluding remarks:. The reference data used in this case study show that, compared to the basgline
bituminous coa-fired power plant, nuclear power is a more economic option than gas combined cycle
options for mitigating carbon emissions. The cost of carbon reduction for nuclear power is 4.22 $/t C,
which is quite small compared to that for the gas combined cycle plant, about 71.70 $/t C. The cost of
carbon reductions for nuclear and gas power would be equd if the investment costs for nuclear were to
rise to US$2,569/kW(e), or the load factor to decrease to 45.0% or the discount rate to reach 15.0%.

Korea mugt aso keep in mind nuclear power’ s contribution to improving the security of the
country’s energy supplies. Nuclear power will give Korea more diversity in an energy supply system that
is heavily dependent on conventiond fossil fuels. Moreover, it is dso suitable for Sorage againgt
contingencies, because of its higher energy intensity.
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Table 12. Comparison of baseline and CDM project technologies— Kor ea

Characteristics

Technical

Plant lifetime

Net capacity

Load factor

Net efficiency

Sulfur abatement (SO,)

Nitrogen oxide abatement (NO,)
Particulate abatement

Economics

Investment costs?

Interest during construction
Total capital investment
Localization rate

Real discount rate

Fix O&M costs

Variable O&M

Fue purchase costs

Tota levelized generating costs

Emissions & Wastes

Ash

Sludge from abatement

| & L level radioactive waste?)
High level radioactive waste
Heavy metals

Particulates

Sulfur doxide SO »

Nitrogen oxides NO,

Carbon monoxide CO
Methane

Nitrous oxide N ,O

Carbon dioxide CO,

Tota GHG emissions

GHG abated

Tota GHG emissions

Totd annua GHG reductions

Units Baseline
Coal

year 0

MW(e) 1,000 (500x2)

% 70
% (LHV) 39
%
%
%

USHKW(e) 1,043
USHKkW(e)

Million US $

% ~100

% 8
USHKW(e)yr 44.93
US$/MWh —
USHFGJ 131
millskWh 34.48

g/kWh

g/kWh

g/kWh

g/kWh

g/kWh

g/kWh

g/kWh

g/kWh

g/kWh

g/kWh

g/kWh

g C/kWh equiv. 222
g C/kWh equiv.

g C/kWh equiv.

Mt C/year 1.36
Mt C/year

Mitigation costs based on levelized generating costs

Incremental generating costs
Mitigation costs (generation)
Mitigation costs (generation)

millskWh —
USHt C —
US$t CO,

Mitigation costs based on levelized capital costs

Incremental capital costs
Mitigation costs (capital)
Mitigation costs (capital)

Million US$ —
UsHt C —
USHt CO, —

) The investment cost including interest during construction
2 Intermediate and low-level radioactive waste.
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CDM
Nuclear

1,000
70

1,535

~100
56.67

0.39
3541

0.0
1.36

0.94
4.22
115

3212
8.76

CDM Gas
Combined

30
1,000 (500x2)
70
53

520

101

0.62
0.74

8.68
71.70
1955

-62.58
-17.07
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