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Introduction and General Overview

Fifty three years ago, in September 1954, the head of the U.S. Atomic Energy Commission stated that
nuclear energy would become “too cheap to meter”: The cost to produce energy by nuclear power plants
would be so low that the investment into electricity meters would not be justified. By coincidence the U.S.
prophecy came within three months of the announcement of the world’s first nuclear power plant being
connected to the grid in... the then Soviet Union. In June 2004, the international nuclear industry celebrated
the anniversary of the grid connection at the site of the world’s first power reactor in Obninsk, Russia, with a
conference entitled “50 Years of Nuclear Power — The Next 50 Years”. This report aims to provide a solid
basis for analysis into the prospects for the nuclear power industry.
Fifteen years ago, the Worldwatch Institute in Washington, WISE-Paris and Greenpeace International
published the World Nuclear Industry Status Report 1992, this was then subsequently updated in 2004 by
two of the original authors. The present publication provides an entirely updated and slightly modified
version of the 2004 report.
The World Nuclear Status Report 1992 concluded:
“The nuclear power industry is being squeezed out of the global energy marketplace (...). Many of the
remaining plants under construction are nearing completion so that in the next few years worldwide
nuclear expansion will slow to a trickle. It now appears that in the year 2000 the world will have at
most 360,000 megawatts of nuclear capacity, only ten per cent above the current figure. This contrasts
with the 4,450,000 megawatts forecast for the year 2000 by the International Atomic Energy Agency
(IAEA) in 1974.”
In reality, the combined installed nuclear capacity of the 436 units operating in the world in the year 2000
was less than 352,000 MW or 352 GW'. The analysis in the 1992 Report proved correct. At the end of 2007,
there are 439 units operating in the world — that is one less than at the moment of the release of the 2004
version of the World Nuclear Industry Status Report and five units less than at the historical peak in 2002 —
which total 371.7 GW of capacity.
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"1 GW = 1,000 MW = about 1 large nuclear power reactor
? International Atomic Energy Agency (IAEA), Power Reactor Information System (PRIS), see
http://www.iaea.org/programmes/a2/index.html
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The installed capacity has increased faster than the number of operating reactors because units that are being
shut down are usually smaller than the new ones coming on-line and because of uprating of capacity in many
existing plants. According to the World Nuclear Association (WNA), in the USA the Nuclear Regulatory
Commission (NRC) has approved 110 uprates since 1977, a few of them "extended uprates" of up to 20%.
As a result an additional 4.7 GW were added to the nuclear capacity in the USA alone.” A similar trend of
uprates and extending the lives of existing reactors can be seen in Europe. However, in the absence of
significant new build, the average age of operating nuclear power plants in the world has been increasing
steadily and stands now at 23 years, up two years from the Status Report 2004 (see Graph 2).
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A total of 117 reactors have been permanently shut down, with an average age of about 22 years, the figure
is up one year from the situation in 2004 (see Graph 3). Since the 2004 edition of the Status Report ten
reactors have been shut down - eight in 2006 - and nine have been started up.

Graph 3
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The capacity of the global fleet increased annually between the years 2000 and 2004 by about 3 GW, much
of it through uprating and dropped to 2 GW per year between 2004 and 2007. This figure should be
compared to the global net increase in all electricity generating capacity of about 135 GW per year®. Wind
power alone recorded an average annual increase of 13.3 GW between 2004 and 2006, more than 6.5 times
the nuclear additions. This leaves nuclear power with a global share of roughly 1.5% of the annual increase.

The slightly increased output from nuclear energy will not be sufficient, at least over the short and medium
term, to maintain its current 16% share in the world commercial power production and the 6% in the
commercial primary energy — which is less than the contribution of hydropower alone — or about 2% to 3%

final energy consumption.’

The use of nuclear energy is limited to a small number of countries in the world. Only 31 countries, or 16%
of the 191 United Nations Member States, operate nuclear power plants (see Graph 4). The big six - USA,
France, Japan, Germany, Russia, South-Korea — half of which are nuclear weapon states, produce almost
three quarters of the nuclear electricity in the world. Half of the world’s nuclear countries are located in
Western and Central Europe and count for over one third of the world’s nuclear production. The historical
peak of 294 operating reactors in Western Europe and North America had been reached as early as 1989. In
fact, the decline of the nuclear industry, unnoticed by the public, started many years ago.
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The international nuclear industry continues to forecast a positive future. “Increasing energy demand,
concerns over climate change and dependence on overseas supplies of fossil fuels are coinciding to make the
case for nuclear build stronger. Rising gas prices and greenhouse constraints on coal have combined to put

* This is the average annual net addition between 2003 and 2010 as estimated by the OECD’s International Energy

Agency in its International Energy Outlook 2006.
> Final energy is the amount of energy available to the consumer, which is the primary energy input minus the
transformation and transport/distribution losses. In the case of electricity, typically about three quarters and at least

about half of the primary energy is lost on the way to the consumer.
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nuclear power back on the agenda for projected new capacity in both Europe and North America,” says the
WNA.°

The nuclear industry is not alone to proclaim its “renaissance”. Over the last three years, several international
assessments of the possible future of nuclear power in the world have been adjusted to more optimistic
prospects for the horizon of 2030. The OECD International Energy Agency’s World Energy Outlook 2007
presents a “reference scenario”, an “alternative policy scenario” and a “450 stabilisation case” that include
respectively 415 GW, 525 GW and 833 GW of nuclear power. Electricity generation from nuclear plants
under the high scenario would more than double from current levels to reach 6,560 TWh in 2030. Under the
reference scenario the share of nuclear power in the world commercial primary energy supply would drop
from 6% to 5% in 2030.

The 2006 version of the World Energy Outlook had noted that “nuclear power will only become more
important if the governments of countries where nuclear power is acceptable play a stronger role in
facilitating private investment, especially in liberalised markets” and “if concerns about plant safety, nuclear
waste disposal and the risk of proliferation can be solved to the satisfaction of the public.”®

A recent report commissioned by the InterAademy Council, a research body that federates national
academies of science, stated in a similar way: “As a low-carbon resource, nuclear power can continue to
make a significant contribution to the world’s energy portfolio in the future, but only if major concerns
related to capital cost, safety, and weapons proliferation are addressed” and concluded that... “no certain
conclusion regarding the future role of nuclear energy emerges, except that a global renaissance of
commercial nuclear power is unlikely to materialize over the next few decades without substantial support
from governments”.’

The U.S. Department of Energy, in its latest edition of the International Energy Outlook (IEO), forecasts
438 GW of nuclear by 2030, “in contrast to projections of declines in nuclear power capacity in past [EOs”."
The International Atomic Energy Agency (IAEA) has revised its forecasts several times over the last years
and anticipates 447 GW in its “low” scenario and on 679 GW in its “high” scenario by 2030."" The
secretariat of the United Nations Framework Convention on Climate Change (UNFCCC) published a
“background paper” on investments relative to the “development of effective and appropriate international
response to climate change” that presented a “reference scenario” and a “mitigation scenario” with
respectively 546 GW'? and 729 GW" of nuclear power plants by 2030."*

The above mentioned scenarios “forecast” an installed nuclear capacity by 2030 of anything between
415 GW and 833 GW, respectively an increase of less than 13% to 125% over the current installed 371 GW.
In fact, even the lower figure corresponds to a significant challenge considering the current age structure of
operating units. None of the scenarios provide appropriate analysis of necessary and very substantial
increases in nuclear related education, workforce development, manufacturing capacity and public opinion
shifts.

For the immediate future new build remains essentially restricted to Asia. Of the 34 units listed by the IAEA
as under construction in 13 countries (as of 31 December 2007) — eight more than by the end of 2004, but
about 20 less than in the late 1990s — all but five are located in Asia or Eastern Europe. Twelve of these units

¢ http://www.world-nuclear.org/info/inf104.html

" OECD-IEA, “World Energy Outlook 2007”, 7 November 2007

¥ OECD-IEA, “World Energy Outlook 2006, 7 November 2006

? InterAcademy Council, “Lighting the Way”, October 2007

19 US Department of Energy, Energy Information Administration, “International Energy Outlook 20067, June 2006, see
www.eia.doe.gov/oiaf/ieo/index.html

"' TAEA, Press Release, 23 October 2007, http://www.iaca.org/NewsCenter/PressReleases/2007/prn200719.html

12 addition of 180 GW over the 2004 installed nuclear capacity of 366 GW

" This corresponds to practically the double of the currently installed nuclear capacity. The 729 GW figure rather than
approximately 730 GW suggest a level of precision that is as far from reality as the figure itself.

' UNFCCC, “Analysis of existing and planned investment and financial flows relevant to the development of effective
and appropriate international response to climate change”, 2007
http://unfcce.int/files/cooperation_and_support/financial mechanism/application/pdf/background paper.pdf
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have been formally under construction for 20 years or more. The longest building time so far has been
achieved by the U.S. Watts Bar-2 reactor that just resumed construction that had originally started in 1972
and by the Iranian Busheer-1 project that began in May 1975 and continues to accumulate delays. The
Russian fast breeder reactor project BN-800 that started in 1985 and Watts Bar-2 have now been re-included
in the current official statistics. (See Appendix-1 for details on reactors under construction).
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In order to evaluate the status of the world nuclear industry, it is helpful to estimate the number of units that
would have to be replaced over the coming decades just to maintain the current number of operating plants.
We have considered an average lifetime of 40 years per reactor, with the exception of the remaining
17 German nuclear plants that, according to German legislation, will be shut down after an average
operational lifetime of about 32 years. Considering that the average age of reactors closed to date is 22 years,
a 40 year lifetime expectancy might seem optimistic, but at the same time it seems possible given the
progress that has been achieved on the current generation of plants compared to the previous one.

Graph 6 illustrates the results. The calculation includes 24 reactors with an official start-up date of the
34 units listed as under construction by the IAEA as of the end of 2007, all but one of which would be in
operation by 2015. In total, 93 units will reach the age of 40 between January 2008 and 2015 or are
scheduled to be shut down for other reasons. In other words, in addition to the 23 units under construction
with published start-up dates in that time period 70 units or close to 40,000 MW (40 GW) would have to
come online until 2015 in order to maintain the current level of equipment. Even taking into account the
10 units officially under construction without scheduled start-up date, 60 reactors would still have to be
planned, built and started up over the next eight years to maintain the current number of units operating. This
seems virtually impossible given the long lead times for nuclear power projects. Furthermore, in the
following decade - up to 2025 - a total of 192 new units or more than 168,000 MW (168 GW) would be
needed just to maintain the status quo.

According to the same logic, between 2007 and 2030 a total of 339 reactors would have to be replaced in
order to maintain the same number of plants operating than today. The IAEA, in its low scenario, has
considered the closure of 145 units and the building of 178 new units by 2030." This would require
193 units extending their lifetime beyond 40 years.

Developments in Asia and particularly in China won’t fundamentally change the global picture. The news
media China Daily recently stated: “China has fast-tracked development of nuclear power in recent years
with a target to take its nuclear power capacity from about 9,000 MW [9 GW]in 2007 to 40,000 MW
[40 GW] by 2020, according to China's long-term development plan for the nuclear power industry.”'® The
average construction time of the 10 operating units was 6.3 years. Even in the case of further significant
advances in building times, in order to be operational by 2020, construction of all of the units would need to
have started at the latest in 2015. Only about 10% of the additional 31 GW are currently under construction
with five units totalling 3.2 GW that started over the last three years. Building frequency would have to more
than triple in order to meet the ambitious goal. A prospect that seems highly unlikely'’ although not entirely
impossible. But even such an extraordinary undertaking in terms of capital investment, technical and
organizational challenge would replace only 10% of the number of units that reach age forty around the
world within the timeframe considered.

A nuclear utility sponsored analysis carried out by the Keystone Center pointed out that to build 700 GW of
nuclear power capacity “would require the industry to return immediately to the most rapid period of growth
experienced in the past (1981-90) and sustain this rate of growth for 50 years.”'® The industry organisation
WNA is particularly optimistic as it states: “It is noteworthy that in the 1980s, 218 power reactors started up,
an average of one every 17 days. (...) So it is not hard to imagine a similar number being commissioned in a
decade after about 2015. But with China and India getting up to speed with nuclear energy and a world
energy demand double the 1980 level in 2015, a realistic estimate of what is possible might be the equivalent
of one 1000 MW unit worldwide every 5 days.”"

'3 Alan McDonald, H.H. Rogner, “Nuclear Power: Energy Security and Supply Assurances”, paper presented at the
WNA Annual Symposium, 5 September 2007. The paper suggests with 692 MW a different “high scenario” than in a
press release a month later (op.cit). It assumes the closure of 82 units and the building of 357 new reactors.

'® http://www.chinadaily.com.cn/china/2007-10/16/content_6177053.htm

" A certain number of units currently in the planning stage are of designs that have never been built elsewhere.

'® Bradford, et al. “Nuclear Power Joint Fact-Finding”, Keystone Center, June 2007

' http://www.world-nuclear.org/info/Copy%200f%20inf17.html
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The authors of the present report remain convinced that, on the contrary, the number of nuclear power plants
operating in the world will most likely decline over the next two decades with a rather sharper decline to be
expected after 2020. Many analysts consider that the historic key problems with nuclear power have not been
overcome and will continue to constitute a severe disadvantage in global market competition. Additional,
new difficulties have arisen.

Ken Silverstein, Director of the U.S. based consultancy Energy Industry Analysis states:
“As a result of deregulation of power and other market- and policy-based uncertainties, no
nuclear power company can afford to take the financial risk of building new nuclear plants. A
report published by Standard & Poor's identifies the barriers. The financial costs for
construction delays, for example, could add untold sums to any future project. That, it says,
would also increase the threats to any lender. To attract new capital, future developers will have
to demonstrate that the perils no longer exist or that energy legislation could successfully
mitigate them. Peter Rigby, a Standard & Poor’s analyst and author of the report says: ‘The
industry's legacy of cost growth, technological problems, cumbersome political and regulatory
oversight, and the newer risks brought about by competition and terrorism concerns may keep

credit risk too high for even (federal legislation that provides loan guarantees) to overcome’.””’

In 2005 the U.S. passed legislation in order to stimulate investment in new nuclear power plants. Measures
include a tax credit on electricity generation, a loan guarantee of up to 80% for the first 6 GW, additional
support in case of significant construction delays for up to six reactors and the extension of limited liability
(Price Anderson Act) until 2025.

The licensing procedure has been simplified to avoid the lengthy processes of the past. The Ralph Nader
founded public interest group Public Citizen views the new licensing conditions not only as heavy subsidy to
the industry but as serious impediment to the democratic decision making process. “The Combined
Construction and Operating License, or COL, is part of a new, ‘streamlined’ process designed to encourage
construction of new nuclear power plants by heavily subsidizing nuclear owners and removing opportunities
for the public to raise important safety concerns. By combining what was previously two steps --
construction and operation -- there is no chance for the public to raise concerns about problems with the
actual construction process after it begins. By the time the shovel hits the dirt, the reactor is already approved
to start up.”*' The capital market service company Moody’s expects extensive legal cases: “We believe the
first COL filing will be litigated, which could create lengthy delays for the rest of the sector.””* The Financial
Times obtained confidential documents that confirm a similar situation in the UK: “Fresh legal challenges
are expected to hamper plans to build new nuclear power stations in the UK.”** NRC Chairman Dale Klein
stated that potentially necessary grid extensions could lead to further delays and indicated that he was
surprised to learn that “"it may take as long to site, permit and build a transmission line for a new plant as to
site, license and build the plant itself."**

2 UtiliPoint International, 21 June 04

*! http://www.citizen.org/cmep/energy_enviro_nuclear/newnukes/articles.cfm?ID=14159

2 Moody’s Corporate Finance, “New Nuclear Generation in the United States: Keeping Options Open vs Addressing
An Inevitable Necessity”, Special Comment, October 2007

* Financial Times, 24 October 2007.

* ibidem
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Scepticism of the international financial institutions and analysts

In a new analysis Standard and Poor’s stresses that a license to construct is not equal to construction.

“Even with a COL, no utility will commit to a project as large and risky as a new nuclear plant
without assurance of cost recovery. In arriving at debt rating opinions, Standard & Poor's
doesn't expect full and unfettered recovery of all requested costs. Rather, we look for a
regulatory framework that provides for a fair opportunity to recover prudently incurred costs,
even through changing regulatory commissions. Without such a framework, a utility's financial
condition may rapidly deteriorate. (...) Construction contracts are another issue. In the past,
engineering, procurement, and construction contracts were easy to secure. However, with
increasing raw material costs, a depleted nuclear-specialist workforce, and strong demand for
capital projects worldwide, construction costs are increasing rapidly. Designers and engineers
are still developing cost estimates for new nuclear plants. All of this can significantly affect
utilities, as they may be unable to find EPC [Engineering, Procurement and Construction]
contracts and may have to look for other ways to insulate themselves from construction risk and
cost overruns.””

In an October 2007 “Special Comment” the capital market service company Moody’s delivers a stunning
U.S. nuclear sector analysis:
“Moody’s does not believe the sector will bring more than one or two new nuclear plants on line
by 2015, a date cited by a majority of the companies currently highlighting their nuclear
ambitions. The complexity associated with the permitting process as well as the execution risks
associated with construction projects of this nature should not be underestimated. (...)
Moody’s believes that many of the current expectations regarding new nuclear generation are
overly ambitious. In fact, the timing associated with commencing construction and making the
next nuclear unit commercially available could be well beyond 2015 and the costs associated
with the next generation of nuclear build could be significantly higher than the approximately
$3,500/kW estimates cited by many industry participants.”*

Moody’s low estimate for new nuclear capacity in the U.S. is $5,000/kW and its high estimate is $6,000/kW.

Actually, the international financing market’s reluctance towards nuclear energy is not new. With the

exception of a 1959 loan to Italy, the World Bank, for example, has never financed a nuclear power plant and

there are no signs that it would have changed its financial risk analysis. But even in Asia, where many

nuclear optimists see the basic hope for a nuclear revival, the Asian Development Bank does not finance

nuclear projects. The bank has defined clear policy on the issue in 1994 and has confirmed it in 2000:
“Continued use of nuclear power in developed and developing countries and its further
expansion require not only firm assurances that technical and institutional measures will be
effective in protecting public health and safety, but also sustained public confidence and broad
political support. The technical complexity of nuclear power technology is a barrier to public
understanding, which makes it difficult for members of the public to evaluate safety questions
for themselves. The Bank is very much aware of this background and has not been involved in
the financing of nuclear power generation projects in the DMCs [Developing Member
Countries] due to a number of concerns. These concerns include issues related to transfer of
nuclear technology, procurement limitations, proliferation risks, fuel availability and
procurement constraints, and environmental and safety aspects. The Bank will maintain its
policy of non-involvement in the financing of nuclear power generation””.

In the past the European Investment Bank (EIB) has funded nuclear power and fuel cycle facilities projects
worth over €6 billion. However, no loans had been made since the mid 1980s, due to the slowdown of

> Swami Venkataraman, “Which Power Generation Technologies Will Take The Lead In Response To Carbon
Controls?”, Standard & Poor’s, 11 May 2007

2 Moody’s Corporate Finance, op.cit.

7 Bank Policy Initiatives for the Energy Sector, February 1994, Asian Development Bank, page 10, paragraph 25.
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nuclear power ordering in the EU. However, in June 2007 the Bank published a new position paper - ‘Clean
Energy for Europe’ and on nuclear power it noted that ‘EIB financing may be requested for investments in
new generation capacity, in the nuclear fuel cycle and in research activities’. In July 2007, the Bank awarded
a loan of up to €200 million for the URENCO enrichment facilities in the UK and Netherlands™. However,
no loan requests or attributions for new nuclear power plants have been reported.

Lack of students, workforce and manufacturing capacity

“The single most important factor in assuring quality in nuclear plant construction is
prior nuclear experience (i.e., licensee experience in having constructed previous nuclear
power plants, personnel who have learned how to construct them, experienced architects-
engineers, experienced constructors, and experienced NRC inspectors),”

U.S. Nuclear Regulatory Commission (NRC), NUREG-1055%

Investment and construction ratios of the 1980s cannot simply be repeated thirty years later.”® The nuclear
industry and utilities face challenges in a radically changed industrial environment. Today the sector has to
deal with waste management and decommissioning expenses that far outweigh estimates of the past, it has to
compete with a largely modernized gas and coal sector and with new competitors in the new and renewable
energy sector.’' In particular, it has to face the problems of rapid loss of construction and operating
competence and lack of manufacturing infrastructure.

Keynote speakers at the American Nuclear Society's 2007 Annual Meeting pointed out that “a nuclear
renaissance is far from being a sure thing”. ** Art Stall, Florida Power & Light Company's senior vice
president and chief nuclear officer, told the event's opening plenary that the euphoria that has surrounded the
nuclear renaissance has been slowed down by the realities of the challenges that are involved in building new
nuclear power plants. “Stall said one of the biggest challenges is finding qualified people, including craft
labor, technicians, engineers and scientists, to support construction and operation. He pointed out that 40% of
the current nuclear power plant workers are eligible for retirement within the next five years.> Furthermore,
he said only 8 percent of the current nuclear plant workforce is under 32 years old. While technical and
engineering college graduate numbers are increasing, Stall said that there is much competition from other
industries for these graduates and the nuclear industry must become creative if it is going to entice these
graduates to enter and remain in the nuclear field.”** In France, the situation is no better. About 40% of the
national utility EDF’s current staff in reactor operation and maintenance will retire by 2015. Starting in 2008,
the utility will try to hire 500 engineers annually. Reactor builder AREVA has already started hiring 400
engineers in 2006 and another 750 in 2007. The level of success of the hiring efforts is not known. It is
obvious that the biggest share of the hired staff are not trained nuclear engineers or other nuclear scientists.
The CEA affiliated national Institute for Nuclear Sciences and Techniques (INSTN) has only generated

*% EIB and Financing of Nuclear Energy, July 2007, European Investment Bank

http://www.eib.org/about/publications/eib-and-financing-of-nuclear-energy.htm

¥ U.S. NRC, “Improving Quality and the Assurance of Quality in the Design and Construction of Nuclear Power

Plants”, NUREG-1055, May 1984

3% Besides the fact that the repetition of the history of cancelled projects, bankrupt utilities and cost overruns, especially

in the US, could hardly be a goal for the current nuclear industry. In the US alone, 138 reactor projects were abandoned

(see CEA, “Nuclear Power Plants in the World”, Edition 2000) and the cost overruns on practically all the plants were

spectacular (see recent analysis by N.E.Hultman, J.Coomey, D.M.Kammen, “What History Can Teach Us about the

Future Costs of U.S. Nuclear Power”, Environmental Science & Technology, 1 April 2007

*! see Amory B. Lovins’ brilliant analysis “Mighty Mice”, Nuclear Engineering International, December 2005

32 Teresa Hansen « Nuclear renaissance faces formidable challenges », Power Engineering, see

http://pepei.pennnet.com/Articles/Article Display.cfm?ARTICLE ID=297569&p=6&dcmp=NPNews

» AREVA’s US recruiting official puts the figure at 27% within the next three years (see

1314ttp://marketplace.publicradio.org/displav/web/2007/04/26/a7missingigenerationiofinuclearienergyiworkers/ )
ibidem
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about 50 nuclear graduates per year. EDF has called upon the institute to double the number over the coming
35
years.

In 1980, there were about 65 university nuclear engineering programs operating in the U.S.. Today, it's only
around 29. The entire utility industry is hunting students at the university doors before they even graduate.
“Westinghouse looks for qualified third and fourth year college students at career fairs, and by posting
internship opportunities on the corporate website, in newspapers and trade journals, and through various
colleges and universities”, explains Steve Tritch, President and CEO of Westinghouse.36 Starting from a
virtual hiring freeze in the 1980s, a slow resumption by the end of the 1990s, the company has jumpstarted
the process in the period 2001-2005 with 400 new hires per year that have been increased to 500 hires in
2006, a level that shall be maintained over the coming years. However, candidates are difficult to identify
and Westinghouse is looking for new staff in about 25 colleges and universities throughout the world.

A nuclear power plant construction infrastructure assessment carried out in 2005 on behalf of the U.S.
Department of Energy concludes that qualified boilermakers, pipefitters, electricians, rebar ironworkers,

health physicists, operators and maintenance personnel are all “in short supply”.*’

If it is as difficult to hire sufficient staff for the current programs, one wonders where the trained workforce
for a major expansion will come from. The entire utility sector is not considered attractive by young people.
“Today’s most talented and promising students want to work in glamorous high-tech fields—not in the
stodgy old utility industry”, says a 2005 analysis by the Hay Group entitled “Workforce Trends to Deliver
Utility Industry Knock-out Blow”. In the UK the situation is similar and university acceptances in
Mechanical, Civil and FElectrical Engineering, Physics and Chemistry fell by a quarter between 1994 and
2000. And as of 2002, there was not a single undergraduate course in nuclear engineering in the UK. For
Philip Thomas, Chairman of the Nuclear Academia-Industry Liaison Society (NAILS), “the risk is not so
much that the nuclear companies will be unable to recruit sufficient numbers, but that future recruits will not
match the very high quality the nuclear industry has been used to” and “the absence of a market for a
BEng/MEng in nuclear engineering serves to confirm that the nuclear energy carries no buzz of excitement
for new students, making it all the harder for it to attract the brightest and best.””®

In Germany the situation is dramatic. A 2004 analysis of the nuclear education and workforce development
in the country showed that the situation continues to erode rapidly. Employment is expected to decline in the
nuclear sector - including in the reactor building and maintenance industry - by about 10% to 6,250 jobs in
2010. These still include 1,670 hires, while the number of academic institutions teaching nuclear related
matters is expected to further decline from 22 in 2000 to 10 in 2005 and only five in 2010.” While
46 students obtained their diploma in 1993, they were zero in 1998. In fact, between the end of 1997 and the
end of 2002 only two students successfully finished their nuclear studies. In total about 50 students from
other options continue to attend lectures in nuclear matters. It is clear that Germany will face a dramatic
shortage of trained staff, whether in industry, utilities, research or public safety and radiation protection
authorities. *’

Various countries have attempted to coordinate efforts to avoid the deepening of the competence gap. The
UK has just launched a nuclear industry oriented National Skills Academy that is intended to improve the
standard of industry training, increase productivity and tackle skills shortages across the UK. In Germany a

3% GIGA, “L'industrie nucléaire francaise : perspectives, métiers / Le besoin d'EDF en 2008, October 2007,
http://www.giga-

asso.com/fr/public/lindustrienucleairefranc/emploisperspectives 1 .html?PHPSESSID=2f7kmsonapea7ihktecmvdks45
36 Steve Tritch and Jack Lanzoni, “The Nuclear Renaissance: A Challenging Opportunity”, paper presented at the WNA
Annual Conference Building the Nuclear Future, Challenges and Opportunities, 7 September 2006

" MPR, “DOE NP2010 Nuclear Power Plant Construction Infrastructure Assessment”, 21 October 2005

3¥ Philip Thomas, “The Future Availability of Graduate Skills”, presentation to the BNIF/BNES Conference Energy
Choices, 5 December 2002

3% P. Fritz and B. Kuczera, “Kompetenzverbund Kerntechnik — Eine Zwischenbilanz iiber die Jahre 2000 bis 2004”,
Atomwirtschaft, June 2004

0 Lothar Hahn, presentation at the IAEA sponsored “International Conference on Nuclear Knowledge Management:
Strategies, Information Management and Human Resource Development™, 7-10 September 2004
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“nuclear competence alliance” between the four major research centres with links to academic institutions,
utilities and the industry has been established in 2000 but, so far, has not been able to stop the erosion of well
educated young people able to replace the rapidly aging current workforce. As Lothar Hahn, managing
director of the German company GRS (Society for Reactor Safety), points out, the consequences could be
extremely serious:
“First studies indicate that deficiencies in maintaining knowledge at state-of-the-art levels and a
subsequent degradation in education and training of operating personnel may endanger the safe
operation of nuclear installations. Furthermore, knowledge deficits at authorities and expert
organisations due to a lack of qualified successors to retired experts have been depicted as an
imminent threat to the qualified supervision of reactor plants and thereby to safe plant
operation.”"!

In the 1980s there were about 400 nuclear suppliers and 900 nuclear certifications in the U.S. These shrank
to less than 80 suppliers and fewer than 200 certifications.*” The DOE nuclear power plant construction
infrastructure assessment quoted above concludes that major equipment (reactor pressure vessels, steam
generators, and moisture separator reheaters) for the near-term deployment of Generation III* units would
not be manufactured by U.S. facilities. “Reactor pressure vessel (RPV) fabrication could be delayed by the
limited availability of the nuclear-grade large ring forgings that are currently only available from one
Japanese supplier (Japan Steel Works, Limited - JSW). Additional lead time may need to be included in the
reactor pressure vessel procurement schedule depending on ability of this one supplier to supply the required
reactor pressure vessel large ring forgings in a timely manner. This potential shortfall is a significant
construction schedule risk and could be a project financing risk.”** JSW has supplied about 130 or 30% of
the currently operating nuclear reactor vessels in the world.* In fact, only JSW can forge components from
ingots up to 450 t* as needed for the EPR and other Generation III reactor pressure vessels and it has
announced to further invest in manufacturing capacity. However, JSW’s annual manufacturing capacity
remains unclear. It has been reported that “more modest investments in 2006, 2007, and 2008, will bring its
capacity up to the equivalent of four nuclear steam supply system sets (pressure vessel plus steam
generators) per year in 2007 and 5.5 sets by 2008. JSW is aiming to produce sufficient forgings to supply the
equivalent of about 8.5 sets a year by 2010 and the maximum ingot size is to be increased to 650 t. JSW's
capacity for nuclear products is fully booked to the end of 2010.*” The problem is the term “equivalent”
because it is unclear how much of the forging capacity is dedicated in practice to new nuclear projects. JISW
also supplies, for example, about 100 forgings a year for fossil fuel turbine and generator rotors to China
alone.

The maximum ingot size AREVA can handle in its Chalon forgery is 250 t. AREVA has stated that the
annual capacity at the Chalon plant is limited to 12 steam generators™ plus “a certain number of vessel
heads” and small equipment, or the equivalent of between 2 and 2.5 units per year, if it did manufacture
equipment for new plants only. In reality, the Chalon capacities are booked out, in particular for plant life

*! Lothar Hahn, “Knowledge Management for Assuring High Standards in Nuclear Safety”, paper presented at the
TAEA sponsored “International Conference on Nuclear Knowledge Management: Strategies, Information Management
and Human Resource Development”, 7-10 September 2004

*2 Nucleonics Week, 15 February 2007; an unknown portion of that development is due to takeovers.

* The currently operating generation of nuclear plants is considered Generation II. The EPR under construction in
Finland is considered a Generation III reactor. Other designs under consideration in the US include the AP1000 by
Westinghouse, the Advanced Boiling Water Reactor (ABWR) and the Economic Simplified Boiling Water Reactor
(ESBWR) by General Electric.

* MPR, “DOE NP2010 Nuclear Power Plant Construction Infrastructure Assessment”, 21 October 2005

S WNN, “Japan Steel Works prepares for orders”, 16 May 2007

* According to the trade press, one vendor in China, Erzhong (the former Second Heavy Machinery Works) in Dayan,
Sichuan, “has announced” that capacity, but evidence remains unclear and the lack of international reputation excludes
Erzhong de facto as a competitor of JSW on the international market.

47 Nucleonics Week, 8 November 2007

* Most of the large nuclear plants under construction or in planning have four steam generators.
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extension measures — steam generator and vessel head replacement — also for the U.S. market.*’ In July 2007
AREVA announced that the heavy forgings it had ordered in 2006 from JSW for a US-EPR had begun to
arrive at its Chalon facility. AREVA claims that the order of forgings made the company the only vendor to
have "material in hand to support certainty of online generation in 2015."*° The U.S. Nuclear Regulatory
Commission’s Chairman Dale Klein has warned that it will take more time to inspect foreign made
components than to provide quality control at home.”’

Rhetoric rather than reality

Much of the optimism displayed by the nuclear lobby is limited to rhetoric. The New York Times ironically
summed up the issue under the headline “Hopes of Building Nation's First New Nuclear Plant in Decades” in
the following way: "The companies, including the two largest nuclear plant owners in the United States and
two reactor manufacturers, have not specified what they would build or where. In fact, they have not made a
commitment to build at all. But they have agreed to spend tens of millions of dollars to get permission to
build, and they anticipate tens of millions from the federal government, which requested such proposals in
November. The money would go to finish design work useful for a new generation of reactors and to develop
a firm estimate of what such plants would cost.">* Three years later the nuclear industry seems to consider
the incentives created with the 2005 U.S. Energy Act insufficient. The utility NRG that filed the first nuclear
license request in three decades in the U.S. admitted it was seeking financial support from the Japanese
government to help build two new nuclear units in Texas. NRG’s CEO David Crane stated: "We believe by
working with Japanese partners we'll be able to get Japanese financial support which we think will be a big
help to t?f equity in the project and will take a little bit of pressure off the U.S. government's federal
support".

The overall nuclear industry strategy is quite clear. In the absence of a short or medium term revival of the
nuclear industry, hopes remain with an entirely new generation of nuclear power plants, so-called
Generation IV reactors. They would be much smaller in size (100 MW to 200 MW) and capital investment,
represent a more flexible solution due to much shorter building times and a lower potential risk due to
smaller radioactive inventories and passive safety features. In the meantime, nuclear utilities try to extend
plant lifetime as much as possible and do their best to keep up the myth of a nuclear future.

Former NRC Commissioner Peter Bradford, who was involved in the licensing of some 25 nuclear reactors,

comes to a severe judgement on the prospects of nuclear power:
“Those who tell you things like “It could save the earth”** or “Clean, green atomic energy can
stop global warming” > or “Nuclear energy just may be the energy source that can save our
planet from catastrophic climate change™ are inviting you into a dangerous lala land in which
nuclear power will be oversubsidized and underscrutinized while other more promising and
more rapid responses to climate change are neglected and the greenhouse gases that they could
have averted continue to pollute the skies at dangerous rates.””’

Long-time energy sector observer Walt Patterson, Associate Fellow of the Energy, Environment and Deve-
lopment Programme at the UK’s Royal Institute of International Affairs (Chatham House) agrees. He has
detected a sort of ramping “nuclear amnesia™:

* see CPDP, Compte Rendu du Débat Public EPR “Téte de série”, Paris 29 November 2005

3 Nucleonics Week, 8 November 2007

5! Financial Times, 24 October 2007

52 The New York Times, 31 March 04

33 Reuters, 26 September 2007

>* National Geographic, April, 2006

% Wired Magazine, February, 2005

>% Patrick Moore, Washington Post, April 16, 2006

°7 Peter A. Bradford, “Nuclear Power and Climate Change”, Society of Environmental Journalists Panel Debate,
Burlington, Vermont, October 27, 2006
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“Those suffering from nuclear amnesia have forgotten why nuclear power faded from the
energy scene in the first place, how many times it has failed to deliver, how often it has
disappointed its most determined advocates, how extravagantly it has squandered unparalleled,
unstinting sslépport from taxpayers around the world, leaving them with burdens that may last for
millennia.”

In June 2005, the trade journal Nuclear Engineering International published the analysis of the 2004 Edition
of the World Nuclear Industry Status Report under their headline. “On the way out - In sharp contrast to

multiple reporting of a potential ‘nuclear revival’, the atomic age is in the dusk rather than in the dawn”.

At the end of 2007, we have nothing to add.

*¥ The World Today, “Nuclear Amnesia”, April 2006
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Table 1: Status of Nuclear Power in the World in 2007

Nuclear Reactors Power Energ
Primary Energy®
Argentina 2 29 1 1 7%(-) 2%(-)
Armenia 1 27 0 0 42%(+) 2%
Belgium 7 27 0 0 54%(-) 15%(-)
Brazil 2 16 0 1 3%(-) 2%(=)
Bulgaria 2 18 2 0 44%(+) 22%(+)
Canada 18 23 0 4 16%(+) 7%(-)
China 11 7 5 30 2%(-) 1% (=)
Czech Republic 6 16 0 0 32%(+) 14%(+)
Finland 4 28 1 0 28%(+) 20%(-)
France 59 23 1 0 78%(+) 39%(-)
Germany 17 25 0 0 32%(-)% 12%(-)
Hungary 4 22 0 0 38%(+) 12%(+)
India 17 16 6 10 3%(-) 1%(=)
Iran 0 0 1 2 0%(=) 0%(=)
Japan 55 22 1 12 30%(+) 13%(-)
Korea RO (South) 20 14 3 5 39%(-) 15%(+)
Lithuania 1 20 0 0 72%(-) 24%(-)
Mexico 2 16 0 0 5%(-) 2%(=)
Netherlands 1 34 0 0 4% (-) 1%(=)
Pakistan 2 22 1 2 3% (+) 1%(=)
Romania 2 6 0 2 9%(-) 3%(=)
Russia 31 25 7 8 16%(-) 5%(=)
Slovakia 5 19 0 2 57%(-) 23%(+)
Slovenia 1 26 0 0 40%(-) 2%
South Africa 2 23 0 1 4%(-) 2%(=)
Spain 8 24 0 0 20%(-) 9%(+)
Sweden 10 28 0 0 48%(-) 33%(=)
Switzerland 5 32 0 0 37%(-) 22%(+)
Taiwan 6 26 2 0 20%(-) 8% (-)
Ukraine 15 19 2 2 48%(+) 15%(+)
United Kingdom 19 26 0 0 18%(-) 8%(-)
USA 104 28 1 7 19%(-) 8%(=)
EU27 146 24 4 5 30% 13%(-)
Total 439 23 34 89 16% 6%(-)

» according to IAEA PRIS January 2008, http://www.iaea.org/programmes/a2/index.html unless noted otherwise

0 in 2006, according to IAEA PRIS November 2007, http://www.iaea.org/programmes/a2/index.html

%!in 2006, according to BP Statistical Review of World Energy, June 2007

62 as of 1 January 2008

63 adapted from WNA 2007, http://www.world-nuclear.org/info/reactors.html

6% 1/_/=in brackets refer to change versus level in 2003 (reference for the 2004 World Nuclear Industry Status Report)

85 1/_/=in brackets refer to change versus level in 2003 (reference for the 2004 World Nuclear Industry Status Report)

% German statistics (AG Energiebilanzen) give the share in the gross national power generation as only 26.4%, in decline since 1997
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Overview by region/country67
Africa

South Africa has two French (Framatome) built reactors. Construction started in the 1970s and they are both
at the Koeberg site, east of Cape Town, which supply 4.4% (down from 6% in 2003) of the country’s
electricity. The reactors are the only operating nuclear power plants in the African continent.

The South African, State owned, utility Eskom is heavily involved in the development of the PBMR (Pebble
Bed Modular Reactor). Current planning anticipates construction start of a first unit by 2009 and start-up by
2014. In November 2004, a contract was awarded to Mitsubishi Heavy Industries (MHI) of Japan for the
basic design and research and development of the PBMR helium driven Turbo Generator System, as well as
the core barrel assembly.®® There has been considerable international interest in the PBMR project but
foreign investors seem to come and go. The British company BNFL had invested $15 million to obtain a
20% equity stake in the enterprise. The now Japanese owned Westinghouse took over 15% of the equity
stake from BNFL. Peco Energy — later Exelon Corp - of the U.S. had acquired a 12.5% stake. In December
2001 Exelon said that they were considering building a PBMR reactor in the U.S. in parallel to those
proposed in South Africa. However, following the change in management at Exelon, the company withdrew
from the PBMR project in April 2002. The only other partners in the development of the PBMR is the South
African Industrial Development Corporation, which is owned by the South African Government, and Eskom.

Negotiations with the French reactor builder AREVA for shared research and development into the modular
high temperature reactor failed. Concerns have been voiced by French industry representatives that the
smaller reactor design, of between 125-165 MW, may increase the unit cost of electricity and make it
uneconomic.

The Americas

Argentina operates two nuclear reactors that provide less than 6.9% (down from 9% in 2003) of the
country’s electricity. Argentina was one of the countries that embarked on an ambiguous nuclear program,
officially for civil purposes but with a strong military lobby behind it. Nevertheless, the two nuclear plants
were supplied by foreign reactor builders, Atucha-1, which started operation in 1974, was supplied by
Siemens and the CANDU type reactor at Embalse by the Canadian AECL. Embalse was connected to the
grid in 1983. Atucha-2, officially listed as “under construction” since 1981, was to be built by a joint
Siemens-Argentinean company “that ceased in 1994 with the paralization of the project”.® Nevertheless, in
2004 the IAEA estimated that the start-up of Atucha-2 was to be expected in 2005. At the end of 2007, the
IAEA’s expected start-up date had turned into a question mark.

Brazil operates two nuclear reactors that provide the country with 3.3% of its electricity (down from 4% in
2003). As early as 1970, the first contract for the construction of a nuclear power plant, Angra-1, was
awarded to Westinghouse. The reactor went critical in 1981. In 1975, Brazil signed with Germany what
remains probably the largest single contract in the history of the world nuclear industry for the construction
of eight 1,300 MW reactors over a 15 year period. The outcome was a disaster. Due to an ever increasing
debt burden and obvious interest for nuclear weapons by the Brazilian military, practically the entire

57 Unless otherwise mentioned, the figures on the numbers of reactors operating and the nuclear share in the electricity
generation are taken from the IAEA’s Power Reactor Information System (PRIS) on-line data and reflect the situation
in 2006. The figures on the nuclear share commercial primary energy production are taken from BP, Statistical Review
of World Energy, June 2007. The numbers of reactors under construction are essentially based on the IAEA’s PRIS.

% see http://www.pbmr.com/index.asp?Content=8

6 http:/www-
pub.iaea.org/MTCD/publications/PDF/cnpp2003/CNPP_Webpage/pages/..\countryprofiles\Argentina\Argentina2003.htm
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program was abandoned. Only the first reactor covered by the program, Angra-2, was finally connected to
the grid in July 2000, after 24 years of construction.

Canada was one of the early investors in nuclear power and began developing a new design of heavy water
reactor in 1944. This set the development of the Canadian reactor programme down a unique path, with the
adoption of the CANDU — CANadian Deuterium Uranium — reactor design. The key differences between the
CANDU and the more widely adopted light water reactors are that they are fuelled by natural uranium, can
refuel without shutting down and are moderated by heavy water.

Officially, there are 18 reactors in operation, all of which are CANDUSs providing 15.8% (up from 12.5% in
2003) of the country’s electricity. Four additional units are listed by the IAEA as in “long term shutdown”.
Throughout their operational history the Canadian reactors have been plagued by technical problems that led
to construction cost over-runs and reduced annual capacity factors. In August 1997 Ontario Hydro
announced that it would temporarily shut down its oldest seven reactors to allow a significant overhaul to be
undertaken. The four reactors at Pickering-A were shut down at the end of 1997 with the three remaining
Bruce-A reactors closed on 31 March 1998 - unit 2 at Bruce A had already been closed in October 1995. At
the time it was the largest single shutdown in the international history of nuclear power -- over 5,000 MW of
nuclear capacity, one third of Canada’s nuclear plants. The utility, Ontario Hydro, called for the “phased
recovery” of its nuclear reactors starting with “extensive upgrades” to the operating stations: Pickering B,
Bruce B, and Darlington and then their return to service. There have been significant delays in restarting the
reactors and as of October 2007 only four of the eight reactors had returned to operation.

Despite these technical problems Atomic Energy Canada Limited (AECL) have, with the support of the
Canadian Export Credit Agency, undertaken an aggressive marketing campaign to sell reactors abroad and to
date 12 units having been exported to South Korea (4), Romania (2), India (2), China (2), Pakistan (1),
Argentina (1). The export market remains a crucial component of the AECL’s reactors development
programme. In September 2004, a Memorandum of Understanding was signed with the National Nuclear
Safety Administration of China. This MoU will in part facilitate the development of AECL’s Advanced
CANDU Reactors, which is to be a light water reactor design.

Canada is the world’s largest producer of uranium and in 2005 produced close to 30% of the global total.

The development of nuclear power in Mexico began in the 1960s with site investigations and a call for
tenders was announced in 1969. In 1976 General Electric began the construction of the Laguna Verde power
plant, with a proposal to build two 654 MW reactors. The first unit went into commercial operation in 1990
and the second in April 1995 with an average construction time of 16 years. In 2006, nuclear power
produced 4.9% (down from 5.2% in 2003) of the country’s electricity.

The United States have more operating nuclear power plants than any other country in the world, with
104 commercial reactors providing 19.4% of the electricity (down from 20% in 2003). Although there are a
large number of operating reactors in the U.S., the number of cancelled projects — 138 units — is even larger.
It is now 34 years since a new order has been placed that has not subsequently been cancelled
(October 1973). In 2007 for the first time in three decades, utilities have requested a license to build a
nuclear plant. NRG plans to build two reactors at the South Texas site that already operates two
Westinghouse pressurised water reactors and UNISTAR has proposed the building of an AREVA designed
U.S.-EPR at Calvert Cliffs. In addition, the utility TVA and the NuStart consortium have applied for a
license to build two Westinghouse AP1000 units at the Bellefonte site in Alabama, while “the actual decision
to build would be taken later by the company’s board”.”" The U.S. Nuclear Regulatory Commission expects
a total of 21 applications for 31 units until 2009.”' However, this is no guarantee of actual construction.

™ hitp://www.world-nuclear-
news.org/newNuclear/Application_to_build two US nuclear_reactors_filed 311007.shtml?jmid=1134748963
" hitp://www.nre.gov/reactors/new-licensing/new-licensing-files/expected-new-rx-applications.pdf
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The problems of the nuclear industry in the U.S. were compounded, though not caused by the near disaster at
Three Miles Island in 1979. The main problems of the industry were economic; problems in construction;
and opposition to them; which led to increased construction times and subsequently increased construction
costs. Many utilities went bankrupt over nuclear projects. The estimated cost of building a nuclear power
plant rose from less than $400 million in the 1970s to around $4000 million by the 1990s, while construction
times doubled from the 1970s to 1980s.”* These facts led the U.S. business magazine Forbes in 1985 to
describe the industry as “the largest managerial disaster in U.S. business history, involving $100 billion in
wasted investments and cost overruns, exceeded in magnitude only by the Vietham War and the then Savings
and Loan crisis”.

The last reactor to be completed was Watts Bar 1, in 1996 and the construction license on a further four
(Watts Bar 2, Bellefonte 1 and 2, and WNP1) was recently extended, although there is no active construction
on these sites. In October 2007 TVA announced that it had chosen the Bechtel group to complete the two-
thirds built Watts Bar 2 reactor for $2.5 billion. Construction had been started construction in 1972, which
was frozen in 1985 and abandoned in 1994. It is expected to take until 2012 to finish the 1,200 MW reactor.
Watts Bar 1 was one of the most expensive units of the U.S. nuclear program, its completion took 23 years.

Despite the failure to so far build more reactors the nuclear power industry remains highly successful in two
main areas, increased output from existing reactors and plant life extensions. Due to changes in the operating
regimes and increased attention to reactor performance, the availability of U.S. reactors has increased
significantly from 56% in the 1980s to 88.4% in 2006. As a result, along with new capacity coming on line
and reactor uprates the output from U.S. reactors has tripled over this period. The lack of new reactor orders
means that around 30 percent of the country’s reactors will have operated for a minimum of 40 years by
2015. Originally it was envisaged that U.S. reactors would operate for 40 years, however, projects are being
developed and implemented to allow reactors to operate for up to 60 years. As of October 2007, 48 U.S.
nuclear plants had been granted a life extension license, 10 more have applied and around 20 have submitted
letters of intent”.

The election of George W Bush in 2000 was expected to herald a new era of support from nuclear power.
The administration’s National Energy Policy set a target of two new reactors to be built by 2010, but this
objective will not be met. To reduce uncertainties regarding new construction a two-stage licence process has
been developed. This will enable designs to reactors to receive generic approval and utilities will then only
have to apply for construction licences, which do not involve questioning of the reactors’ designs. To date,
generic approval licences have been awarded to the General Electric Advanced Boiling Water Reactor, the
Combustion Engineering System 80+ Advanced Pressurized Water Reactor and Westinghouse’s AP-1000
reactor. As of 2003, three utilities, Dominion Resources, Exelon and Entergy had applied for early site
permits (ESP). Four years later, only one additional utility has applied for an ESP. In March 2007 Exelon has
been granted an ESP by the NRC.

The July 2005 U.S. Energy Act aimed at stimulating investment in new nuclear power plants. Measures
include a tax credit on electricity generation, a loan guarantee of up to 80% for the first 6 GW, additional
support in case of significant construction delays for up to six reactors and the extension of limited liability
(Price Anderson Act) until 2025. But the crucial ingredient for a nuclear revival in the country is still
lacking: a wave of reactor orders.

James E. Rogers, chief executive of Duke Energy, stresses that a new nuclear power plant would cost as
much as a quarter of his company's value on the stock market. At PSI Energy, he spent much of his time
“cleaning up the financial fallout from an abandoned nuclear project” that cost his company $2.