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NUCLEAR ENERGY ENTHU SIASM: THE PROLIFERA TION IMPLICATIONS

Enthusiasmfor nuclear energy has surged in the last few years, prompting
industry leaders to talk of a nuclear renaissance. Energy security and climate change top
the list of reasons that nuclear power proponents give to pursue nuclear energy. Nuclear
energy has &en rebranded as clean, green and secure, and as a result, more than 27
nations since 2005 have declared they will install nuclear power for the first time. The
Organization for Economic Cooperation and Development (OECD) Nuclear Energy
A g e n dycléas Eergy Outlook 2008uggests the world could be building 54 reactors
per year in the coming decades to meet all these challenges.

It is unlikely that nuclear energy will grow that much and that quickly, but it
seems clear that the distribution of nucleawpr across the globe is about to spread.
The interest in nuclear power by more than two dozen additional states is perhaps the
most notable element of the muche r al d e d Anucl ear revival .o
developing countries. Soniesuch as TurkeyPhilippines and Egypt had abandoned
programs in the past, while others, like Jordan and the United Arab Emirates, are
considering nuclear power for the first time. If all these states follow through on their
plans, the number of states with nuclear t@accould double.

Beyond installing nuclear power reactors in countries that currently do not
generate electricity from nuclear energy, the nuclear revival is notable for its enthusiasm
for advanced fuel cycle technologies, including fast reactorschwhan potentially
produce more plutonium than they consume, and recycling or reprocessing spent fuel.
Although interest in these technologies in the past has been limited to the most highly
advanced countries, ther e iohercoontriese Sauthn why
Korea, for one, is interested in pyroprocessing as a technique to both manage its current
spent fuel and support the development of fast reactors in the future. India has long
planned to pursue fast breeder reactors as part ofegdimge nuclear fuel cycle
development plan, and the recent tr&lia nuclear cooperation agreement seems to give
a green light to Indian plans by providing consent for reprocessing, the potential for
reprocessing cooperation, and for the exclusionxadtiag breeder reactors from IAEA
safeguards. Further, several countries, since talk of the advent of a nuclear renaissance,
have become interested in pursuing uranium enrichment (e.g., Canada, South Africa,
South Korea).

! In fact, the World Nuclear Association, one of the most vigorous advocates of expanding nuclear power,
estimates that thiotal amount of nuclear power operating capacity could contract by 2030 from its current
level of 435 Gwe to 285 Gwe. See, The World Nuclear Associdtlm Global Fuel Market: Supply and
Demand 2002030 (London, UK: The World Nuclear Association)20



Thirty years ago, when an ex on in nuclear energy was similarly envisioned,

the international community explored technical and institutional approaches to create a
more proliferatiorresistant fuel cycle. As uranium prices first dropped and then interest

in nuclear energy waned, $00 did the urgency of reducing the proliferation risks of

expanding nuclear energy. This time, efforts to manage the nuclear fuel cycle are

additionally motivated by revel

market network, which solaentrifuge equipment to Iran, North Korea, and Libya,

among other states.

BACKGROUND: CURRENT NUCLEAR CAPACITY

Sever :

Nuclear reactors currently operate in 31 countries, with a total capacity of about

371 Gigawatts (GWe) (See Figure 1). Three countrethe U.S., France and Japén

host more than half of global reactor capacity. Seven developing nations have nuclear
poweri Argentina, Brazil, China, India, Pakistan, South Africa, and Taiwan. Figure 2

shows where uranium enrichment plants are located. Heneiot plants now operate in

eleven countries, providing 50 million separative work units (SWU); spent fuel is

reprocessed in five countries. No country yet has an opened a geologic waste site.

Figure 1. Reactor Capacities, 2008 (Glgawatts EIectrlc GWe)
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Figure 2. Locatlon of Commermal Uranium Enrlchment 2008
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Figure 3. Location of Commermal Reprocessmg of Spent Fuel, 2008
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POTENTIAL EXPANSION OF NUCLEAR ENERGY

Most estimates of electricity generation depend on complex assumptions about
electricity demand, GDP growth, market shares of different electricity generation sources,
oil and natural gas prices, etc. Estimates of nuclear energy are further complicéted by
chall enges of politics, hi gh capital cost s
growth out to 2030 presents some challenges. For example, will Germany and Sweden
go through with phasing out nuclear power or rethink their decisios®% long can the
lives of older nuclear power plants be extended? According to the International Energy
Agency, wthout significant policy changesiwuclear enengcan be expected to grow to
415 GW by 2030,0r .7% annually, for a total increase of 15% by 2830This .7%
annual growth compares to the average total electricity generation growth of 2.7%
annually, and amounts to an annual build rate of 3 reactors per year worldwide. At this
rate, nuclear energy would actually decline from a 15% market share toa%0%
electricity demand increases. In this busiresgsual projection, no big policy changes
woul d be i mplemented, carbon emissions woul
electricity generation would decline.

A Modest Growth Scenario

The figure below Kigure 4) depicts nuclear energy in a scenario of moderate, or
Abusiness as usual o growt h, using U. S. Ener
figures. The U.S. EIA estimates 482 GWe capacity by 2030, assuming fewer retirements
of older reactors in Hope? In general EIA projectionsfactor in GDP growth, energy
demand, endise sectorand electricity supply,estimating the contribution that nuclear
energy will make as a percentage of the total electricity supply. This percentage is
estimated to staeven or rise slightly.

I n S 0me countries, even estimating t hat
electricity supply will stay even may be optimistic. For example, in the United States, a
1.5% rise in electricity demand each year would require 50 nekear power plants to
be built by 2025, assuming nuclear energy maintained its 19% electricity generation
share. (It would also require building 261 ctietd plants, 279 naturalas fired plants
and 73 renewable projects)Given that only 4 to 8 newlants might begin operation by

2|n February 2009, the Swedish government called for new nuclear power plants. Following a 1980s

referendum, Sweden had decided to shut all 12 reactors down, but only succeeded in shutting down 2. The
government 6s pl an mustSebee faSpwperdoevne dC hbayn gReasr |G oaummesnet .on N
Associated Pres$ebruary 5, 2009.

? International Energy AgencyYorld Energy OutlooR008(Paris: OECD), p. 92.

* The IEA projection assumes 27 GW of reactors are retired in Europe. The EIA estinza@#/dgor

2030, or an annual increase of 1.3%, but assumes plannedqtsasd nuclear power in some countries in

Europe would be del ayed. Note that-l Entdatipthej ecti ons f
sophisticated computer model fatinating other sources of energy is not used for the nuclear case. In

addition, the estimates are aggregated into regions, with just a few cepatific breakouts. Further,

retirements and the behavior of Western Europe are considered highly umceftafi wi | dcar dso6) and s
estimates on those tend to be more conservative.

*Brian Reilly, Principle Vice President, Bechtel, i Ch
presentation to Fourth Annual Pl attds Nuclear Energy



2015, this would require bringing 42 to 48 new plants on line in the ten years between

2015 and 2025. While it is not impossible, it is not very likely.

Figure 4. Expansion in Global Reactor CapacityScenario |
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A Wildly Optimistic Growth Scenario

The second scenario for grdawt uses countriesdé stated p

nuclear energy. It is wildly optimistic in terms of both timing and the number of states
that may develop nuclear powe€ountry statements do not necessarily correlate to any
measurable indicators (such a®s growth or electricity demand, etc.) and some
cases, the plans are unlikely to materialiZéhis scenario, depicted in Figure 5 below,
should be regarded as ,aath@rthansalprojéciion.t 6 f or

Some countries have modele®® growth, energy demand and supply, etc.
Some have stated goals for specific electricity supplies. For example, the United Arab
Emirates has articulated a goal of diversifying its electricity production from 100%
reliance on oil and natural gas to 30%uld fossil fuels (oil and natural gas), 30%
nucl ear energy and 30% renewabl es. The
that Brazil should diversify at least 30% of electricity generation equally into nuclear
energy, natural gas, and biom@sazil now relies for 92% of its electricity on
hydroelectric power). But for now, Brazil is focusing on four new nuclear power plants
by 2014.

many
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Figure 5. Expansion in Global Reac
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Often, countriesd plans are predicated on
dictate how much capgyg they purchase. Some countries have not specified their plans
beyond a desire to purchase nuclear power capacity. Whereas Figure 5 shows countries
that have specified particular reactor capacities out to 2030, Figure 6 below shows
additional countrieghat have articulated a need or desire for nuclear energy but have not

Figure 6. Proposed New Nuclear States, 200
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yet been so specific. Some of these countries (shown with darker shading) have more
detailed plans than others.

According to the U.S. State Department, a doecemu nt r i es are fAgi vi |
consideration to nucl e®Ofthipdozer severahhave plans ne x t 1
to build nuclear reactors that do not now have nuclear power, including Azerbaijan,

Belarus, Egypt, Indonesia, Kazakhstan, Turkey ®mtnam. Turkey is the furthest
along in its plans, according to the IAEA. Nineteen countries with longer term plans,
according to the State Department, include Algeria, Chile, Georgia, Ghana, Jordan, Libya,
Malaysia, Morocco, Namibia, Nigeria, Bahraiduwait, Oman, Saudi Arabia, Qatar,
United Arab Emirates, Syria, Venezuela, and Yeren.

If these states are serious about their plans, nuclear energy capacity could double
by 2030. And if global climate change concerns were to drive nuclear expamson, t
capacity would reach 1 Terawatt (or almost triple the current capacity). A more
conservative estimate is that nuclear capacity could increase to 525 GW by 2030 with
significant policy support. This equates
Scenario from theWorld Energy Outlook 2006which assumes that climate change
policies dating from 2006 would be implemented.

One of the key uncertainties is how swiftly developing countries that are
considering nuclear power for the first time will be atdeimplement their plans for
nuclear power. The International Atomic Energy Agency is actively providing guidance,
review and support to help them build the infrastructure for nuclear energy, and has
identified nineteen issues that should be addressédiiding this infrastructure. The
IAEA has stressed that nuclear energy is ayédy commitment, from development to
decommissioningd. Most developing countries would need to import reactors and,
possibly, the staff to operate them. Potential suppligill choose their business
opportunities according to certainty of payment, volume of work, political stability and
security, among other criteria.

There will undoubtedly be a tirdag between decisions to go nuclear and reactors
coming online. ThelAEA estimates about fifteen years will elapse between a policy

fU.S. State Department International Security Advisor
Expansion of Civilian Nuclear Power, o April 2008, ave
www.state.gov/documents/agization/105587.pdf

"The State Department report also included Australia in this category, but the list was prepared in 2007,

before Australian elections put a Labor government in power that currently has no plans for nuclear power.
®Thefulllistisst abl i shing a countryés national position, | eg
safeguards, energy planning, nuclear waste, nuclear safety, stakeholder involvement, management,

procurement, radiation protection, human resource development, sacutiphysical protection, the

nuclear fuel cycle, environmental protection, sites and support facilities, the electrical grid, and industrial

involvement. See IAEA, Milestones in the Development of a National Infrastructure for Nuclear Power,

available ahttp://www-pub.iaea.org/MTCD/publications/PDF/Pub1305_web.pdf



../../ssquassoni/Application%20Data/ssquassoni/Desktop/www.state.gov/documents/organization/105587.pdf
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decision to develop nuclear power and the operation of a firstbBpt2020, the IAEA
estimates that power plant construction could begin in eight countries, and possibly in
fifteen more ly 20301° Although there is growing recognition that many of these
developing countries would be better served by small and mesiaed reactors (from

300 MWe to 700 MWe) because of the capacities of their electrical grids, there will be
few available opbns for states to purchase smaller reactors in that timeframe.
Westinghouse has built 600 MWe reactors in the past and has licensed-@o8 Asut
officials say there are no plans to market it. China has exported 300 MWe reactors, and
India has built smller reactors (from 160 MWe to 500 MWe) and has expressed the
desire to get into the export market. Unfortunately, Indian reactors could pose greater
proliferation risks for a variety of reasohs.In the meantime, most states will likely
choose the redars currently being marketed, which range predominantly from 1000
MWe to 1600 MWe.

Part of the challenge for many states will be adhering to international standards
and conventions that have evolved over time. With no current nuclear capacity, many of
these states would have had no reason to join nudkded conventions, or even sign
comprehensive nuclear safeguards agreements. Table 1. below shows the status of states
that have declared an interest in nuclear power and certain nuclear safetyy,s@odr
nonproliferation commitments.

° See summary dRoles and Responsibilities of Vendor Countries and Countries Embarking on Nuclear

Power Programme® Ensure Longrerm Safetya workshop organized by the IAEA Division of Nuclear

Installation Safety in July 2008. Availablevavw.iaea.org/NewsCenter/News/2008/nuclnewcomersd.ht
YAkira Omoto, Direction, Division of Nuclear Power
building in countries considering introduction of
M ndia has built pressurized, heavy wateoderated reactors, based on @a@mad s CANDU r eact or
Because these reactors do not need to be shut down to be refueled, these reactors can be easily optimized

for producing weapongrade plutonium. For the same reason, these reactors are difficult to monitor to

detect military dversions. These reactors also can be fueled with natural uranium, which requires no
enrichment As a result, these reactors and related
under U.S. nuclear nonproliferation law
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