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IV.4.1. Nuclear Power in Western Europe

Especially in Western Europe, the public generally overestimates the significance of electricity in
the overall energy picture and the role of nuclear power in particular. The share of electricity in the
commercial primary energy consumption in the EU15 corresponds to only about one fifth.

The 124 operating nuclear power reactors in the EU15 as of 1* August 2009 — that is 33 units less
than in 1988-89 when the number of operating units peaked — provide:

* less than one third of the commercial electricity production;
* about 12% of commercial primary energy consumption;
* less than 6% of final energy consumption.

Two reactors are currently under construction in the EU15, one in Finland and one in France. No
building site had been opened in the EU15 since the French Civaux-2 unit got underway in 1991.
Apart from the French exception, until the recent reactor project in Finland, no new reactor order
had been placed in Western Europe since 1980 — that is one order outside France in 29 years.

The following chapter gives a short overview per country (in alphabetical order).

Belgium operates seven reactors and has with 53.8% (down from 55.5% in 2003) one of the
highest nuclear shares in its power mix in the world. In 2002, Belgium passed nuclear phase-out
legislation that required the shut-down of the nuclear power plants after 40 years of operation and
therefore, according to their start-up date, the plants will be shut-down between 2014 and 2025.

Although the legislation was passed under a government that included a coalition with the Green
Party, the governments that followed, which did not include any green ministers, have not
overturned the phase-out law.

Finland currently operates four units that supply 29.7% (up from 27% in 2003) of its electricity. In
December 2003, Finland became the first country to order a new nuclear reactor in Western Europe
in 15 years. The utility TVO signed a turn-key contract with the Franco-German consortium
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Framatome-ANP, now AREVA NP (66% AREVA, 34% Siemens) to supply a 1600 MW EPR
(European Pressurized water Reactor). Construction started in August 2005. Three and a half years
later the project is over three years behind schedule and at least 55% over budget, the loss for the
provider being estimated at €1.7 billion (see chapter III. for further economic analysis). It remains
unclear who will cover the additional cost.

In an unusually critical report the Finnish Safety Authority (STUK) pinned down a number of
reasons for the delays:

The time and resources needed for the detailed design of the OL3 unit was clearly
underestimated, when the overall schedule was agreed upon (...). An additional
problem arose from the fact that the supplier was not sufficiently familiar with the
Finnish practises at the beginning of the project. (...) The major problems involve
project management (...). The power plant vendor has selected subcontractors with no
prior experience in nuclear power plant construction to implement the project. These
subcontractors have not received sufficient guidance and supervision to ensure smooth
progress of their work (...). As another example, the group monitored manufacturing
of the reactor containment steel liner. The function of the steel liner is to ensure the
leak-tightness of the containment and thus prevent any leaks of radioactive substances
into the environment even in case of reactor damage. The selection and supervision of
the liner manufacturer was left to the subcontractor who designed the liner and
supplied it to FANP [AREVA NP]. The manufacturer had no earlier experience on
manufacturing equipment for nuclear power plants. Requirements concerning quality
and construction supervision were a surprise to the manufacturer (...).**

Almost three years later, nothing seems to be solved. In December 2008, the Director General of
STUK, Jukka Laaksonen, sent a letter to the CEO of AREVA expressing “great concern” about
“Olkiluoto-3 NPP automation”. He stated:

The construction of Olkiluoto 3 plant seems to proceed generally well but I cannot see
real progress being made in the design of the control and protection systems. Without
a proper design that meets the basic principles of nuclear safety, and is consistently
and transparently derived from the concept presented as an annex to the construction
license application, I see no possibility to approve these important systems for
installation. This would mean that the construction will come to a halt and it is not
possible to start commissioning tests.”®!

This is not the latest episode in a long series of events around the construction of OL3 (see Annex 4
for a chronology). In May 2009 STUK ordered the halt of welding work in France on primary
circuit piping because for the second time faults have been discovered. STUK section head Martti

Vilpas commented: “Things cannot continue like this”.*®*

The repeated construction delays of OL3 are not only a blow to power planning by the utility and
the some 60 large customers that are involved in the project consortium, but also for the Finnish
government. OL3 was part of the Finnish government’s strategy to achieve its target of 0% increase
of 1990 emissions under the Kyoto Protocol. In 2006 Finland was 13% higher than in 1990. The
lack of an operational OL3 will force Finland to use expensive flexible Kyoto mechanisms in order
to compensate for emissions in the country.

The trouble with the OL3 project has not prevented TVO from filing an application, in April 2008,
for a decision-in-principle on OL4, a 1-1.8 GW reactor that should start construction in 2012 and

30 STUK, Press Release, 12 July 2006, http://www.stuk.fi/stuk/tiedotteet/2006/en_GB/news 419/ ; STUK,
“Management of Safety Requirements in Subcontracting During the Olkiluoto-3 Nuclear Power Plant

Construction Phase”, Investigation Report 1/06, translation dated 1 September 2006. For full report see
http://www.stuk.fi/stuk/tiedotteet/2006/en_GB/news_419/_files/76545710906084186/default/investigation_report.pdf .

%1 Letter dated 9 December 2008, leaked to Finnish television in May 2009 and made available by

Greenpeace at http://weblog.greenpeace.org/nuclear-reaction/2009/05/problems_with_olkiluoto reacto.html .

*%2 Helsingin Sanomat, “TVO: Welding problems will not cause further delays to completion of Olkiluoto

1117, 13 May 2009.
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enter operation “in the late 2010s”.*** In parallel Fortum Power is planning a similar project as
Loviisa-3. Fennovoima Oy in January 2009 submitted an application to the Ministry of
Employment and the Economy for a decision-in-principle on the construction of a new plant at one
of the following locations: Pyhéjoki, Ruotsinpyhtéd or Simo. The EIA procedure concerning that
project ended in February 2009. However, none of these projects has been decided upon politically,
nor have they developed to the level of a call for tender and the likelihood of their implementation
is difficult to assess at this point.

Finland is planning a final spent fuel repository also at the Olkiluoto site. In March 2009 the
operator Posiva Oy submitted an application for a decision in principle to license an increase in the
final disposal capacity from 6,000 tons to 12,000 tons in order to accommodate not only fuel from
Olkiluoto-4 but also from Loviisa-3.%**

France is the worldwide exception in the nuclear sector. Thirty-five years ago, the French
Government launched the world’s largest public nuclear power program as a response to the so-
called oil crisis in 1973. However, less than 12% of France’s oil consumption in 1973 was used for
power generation. Three decades later, France has reduced overall fossil fuel consumption (oil, gas,
coal) by less than 10% and the oil consumption in the transport sector has increased far more than
the annual consumption substituted by nuclear energy in the electricity sector. Per capita oil
consumption in France is higher than in Germany, Italy, the UK or in the EU27 on average.’®

In 2008, the 59 French reactors’® produced 76.2% of the electricity (down from 77.7% in 2003),
although only about 55% of its installed electricity generating capacity is nuclear. Entirely
unnoticed by the French public, the oldest French reactor was definitively taken off the grid in
March 2009. Neither the operators EDF and CEA nor the government thought it was necessary to
inform anybody of the fact that the last operating breeder reactor, once the technology of the future,
was disconnected from the grid. A number of experiments are scheduled yet, before its final
shutdown in November 2009.*

In other words, France has a huge overcapacity that led to dumping electricity on neighboring
countries and stimulated the development of highly inefficient thermal-applications electricity. A
historical winter peak-load of 92 GW is to be compared with an installed capacity of over 120 GW.
Even a comfortable 20% reserve leaves a theoretical overcapacity, which is the equivalent of 20 of
the 34 units of 900 MW. No wonder that the equivalent of about 10 reactors operate for export and
France still remains the only country in the world that operates over 40 units on load-following
mode.

On the other hand, the electricity seasonal peak-load has exploded since the middle of the 1980s,
mainly due to the widespread introduction of electric space and water heating. Roughly a quarter of
French households heat with electricity, the most wasteful form of heat generation (because it
results in the loss of most of the primary energy in the transformation, transport and distribution
process). The difference between the lowest load day in summer and the highest load day in winter
is now over 60 GW. That is a very inefficient load curve, since significant capacities have to be
made available for very short periods of time in winter. This type of consumption is not covered by
nuclear power but either by fossil fuel plants or by expensive peak-load power imports. In 2008,
France imported 19 TWh peak power from Germany for an unknown but probably high price. As a

38 TVO, “Construction of a Nuclear Power Plant Unit at Olkiluoto — General Description — OL4”,

August 2008.

3% Ministry of Employment and the Economy, “Application to the MEE for a desion-in-principle on
expanding the spent nuclear fuel final disposal facility”, Press Release, 13 March 2009.

3% For a detailed analysis of the French energy sector see Mycle Schneider, “Nuclear Power in France —
Beyond the Myth”, commissioned by the Greens-EFA Group in the European Parliament, Brussels,
December 2008; http://www.greens-efa.org/cms/topics/rubrik/6/6659.energy@en.htm .

366 Essentially pressurized water reactors, 34 x 900 MW, 20 x 1300 MW and 4 x 1400 MW plus one 35-year-
old 250 MW fast breeder reactor (Phénix, Marcoule) planned to be shut down later in 2009.

367 ASN-Division Marseille, "L’ Autorité de siireté nucléaire et 1’état de la stireté nucléaire et de la
radioprotection en Languedoc-Roussillon en 2008", undated.
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consequence, the national utility EDF (Electricité de France) decided to reactivate 2,600 MW of
very old oil-fired power plants — the oldest one had originally been started up in 1968 — in order to
cope with the peak load phenomenon.

Today, per capita electricity consumption in France is over 25% higher than in Italy (which phased
out nuclear energy after the Chernobyl accident in 1986) and 15% higher than the EU27 average.
French per capita primary energy consumption is also significantly higher than, for example, in
Germany.

Considering the existing overcapacities and the average age of about 25 years of its nuclear power
plants, France does not need to build any new units for a long time. Other factors equally play in
that direction:

* The energy establishment has admitted privately for years that the country has gone too
far with its nuclear share in the overall power mix and that in the future, the nuclear
contribution should not exceed some 60% of the power production.

* It is inconceivable that France will build new reactors with the sole aim of exporting
power. That would be far too expensive especially in a liberalized energy market.

 EDF is intending to operate its reactors now for at least 40 years.

* AREVA is in the course of starting up a centrifuge enrichment plant at Tricastin that
replaces the old gaseous diffusion plant. That will save the power generation equivalent to
the output of three 900 MW reactors.

* Many plants that will be shut down should not be replaced but made redundant.

Therefore it will be many years, if not decades, before capacity constraints require new base load
power plants in France. If the French government and EDF have decided to go ahead with the
construction of a new unit, then this is because the nuclear industry faces a serious problem of
maintaining competence in the field (see chapter II).

In December 2007 EDF started construction of Flamanville-3. The FL3 construction site
encountered problems of quality control on basic concrete and steel issues similar to those at the
OL3 project that started two and a half years earlier. After repeated incidents in May 2008 the
French Safety Authority (ASN) stopped the concreting on the site for several weeks. By the end of
September 2008, ASN still considered the organization "perfectible". ASN inspectors had
discovered that the documentation on welding "does not allow the justification of conformity with
the referential".’®"

At the end of October 2008 the nuclear safety authorities identified quality control problems at the
builder AREVA. The Italian AREVA sub-contractor Societa delle Fucine had not applied the
obligatory fabrication procedures. In May 2009 ASN rejected two out of three Societa delle Fucine
pressurizer forgings, which now have to be remanufactured.

Finally, the problems are not only linked to the reactor project itself. The existing high power lines
would not be sufficient to export the electricity from the new plant. An additional line is in the
planning process and has encountered massive local opposition.

The two companies EDF and AREVA are in fierce competition to bring the first EPR online. EDF
did not appreciate AREVA's offering the Olkiluoto project as a turnkey facility, because for all
previous reactor projects EDF was responsible for overall construction oversight and AREVA's
role remained limited to manufacturing. In an unprecedented move, EDF felt obliged to put out a
press release claiming that the Flamanville project is still on schedule, thus providing a firm
rebuttal of a statement by AREVA CEO Anne Lauvergeon who had stated in a radio interview that
the project would be one year behind schedule.*® ASN sources claimed in May 2009 that
Flamanville and Olkiluoto were merely several months apart.

%% ASN, Letter to Director of Flamanville-3 construction project, 30 September 2008.
369 EDF, Press Release, 12 November 2008.
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France also operates a large number of other nuclear facilities including uranium conversion and
enrichment, fuel fabrication and plutonium facilities. France and the UK are the only countries in
the EU that separate plutonium from spent fuel, a procedure called reprocessing. France’s two La
Hague facilities are licensed to process 1,700 t of fuel per year. However, all the significant foreign
clients have finished their contracts and have turned away from plutonium separation. The La
Hague operator AREVA NC therefore entirely depends on the domestic client EDF for future
business. In late 2008 both companies signed a long-term agreement for reprocessing and
fabrication of MOX fuel until 2040.

Germany operates 17 reactors that, according to the IAEA, provide 28.3% of the electricity in the
country. However, the IAEA apparently takes into account only public electricity generation.
German official sources indicate a nuclear share in the gross national power generation of only
23.3%, in decline since 1997 when the nuclear share stood at 30%.>7°

In 2002 the Parliament voted a nuclear phase out law that stipulates that the nuclear power plants in
the country have to be shut down after an average lifetime of about 32 years. However, the utilities
had a total “nuclear electricity generating budget” of 2,623 billion kWh (corresponding to the
annual world nuclear power production) and can transfer remaining kWh from one reactor to
another unit. Two units have already been shut down under the phase-out law (Stade, Obrigheim).
A third unit (Miilheim-Kérlich) that had been under long-term shutdown since 1988 has been
closed for good. The construction of new nuclear plants and spent fuel reprocessing (beyond
quantities of fuel shipped to reprocessing plants until 30 June 2005) is prohibited.

After a significant crisis in the nuclear utility sector following a number of incidents at the
Brunsbiittel and Kriimmel plants in June 2007, three top managers of the operator Vattenfall were
sacked and the units underwent extensive reviews and upgrading. While Brunsbiittel was still off
line as of July 2009, the attempt to restart Kriimmel in early July 2009 failed due to new incidents.

Two other units have been shut down (Biblis A and B) since the beginning of 2007 “for
maintenance”. While Biblis-B restarted on 1 December 2007, Biblis-A remained shut down until
February 2008. It is speculated that the operator RWE has been prolonging the outage in order to
push the planned final shutdown date of unit A beyond the next federal elections, scheduled for
September 2009, in the hope that a pro-nuclear government will overrule current phase-out
legislation.

The previously mentioned incident in July 2009 and further events at the Kriimmel plant near
Hamburg triggered not only safety concerns but also anger about the operator Vattenfall amongst
the population and politicians of all backgrounds. Although the technical problems (short-circuit in
transformer, fuel cladding failure) did not directly put into jeopardy the control of the reactor, the
impression that the operator simply does not master the facility in spite of the replacement of the
manager, has grown. An opinion poll showed that almost three quarters of the people polled were
in favor of the immediate closure of a/l older German nuclear power plants.’”!

The current “grand coalition” government between Christian Democrats and Social Democrats has
confirmed the phase-out legislation. While the Social Democrats have repeatedly reconfirmed their
commitment to the nuclear phase-out, the Christian Democrats are in favor of lifetime extension of
existing reactors but they are also opposed to the construction of new nuclear plants.*”* According
to the phase-out legislation and under current planning, the remaining 17 units will be shut down
between 2010 and 2022. Within the next legislative period, which ends in 2013, seven reactors will
have to close.

" AG Energiebilanzen, “Energieverbrauch in Deutschland im Jahr 2008”, 20 February 2009.

7' According to an Emnid-Poll commissioned by "Bild am Sonntag" 72 % of the people polled were in favor
of the immediate shutdown of older nuclear power plants; Bild am Sonntag, 12 July 2009.

72 CDU Secretary General has reconfirmed that position in February 2009; see CDU, “Wir wollen die
Laufzeiten verlédngern”, 25 February 2009, www.cdu.de/archiv/2370 25720.htm ; accessed 24 May 2009.
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While the nuclear lobby has not abandoned hopes of overturning the phase-out decision, no utility
would be willing to order a new plant. However, German utilities have demonstrated interest in
investing in foreign projects, for example in France, the UK and Eastern Europe.

In a generally hostile public environment, nuclear power has no future in Germany. An April 2009
opinion survey commissioned by the Federal Environment Ministry showed that 35% wish to
accelerate the nuclear phase-out (+6% since 2005) while 31% agree to the current plan and 12%
want nuclear power to be abandoned at a slower pace. Only 18% (same as in 2005) think that
Germany should not abandon nuclear power.’”

The Netherlands operates a single, 36 year old 480 MW plant that provides 3.8% of the country’s
power. The original political decision to close down the reactor by 2004 was successfully
overturned in the courts by the operator. In June 2006 an agreement was reached between the
operator and government that would allow operation of the reactor up to 2033 under certain
conditions. “It would be maintained to the highest safety standards, and the stakeholders, Delta and
Essent, agreed to donate EUR250 million towards sustainable energy projects. The government
added another EUR250 million, in the process avoiding the compensation claim it would have
faced had it continued towards early shutdown.”*"

In early 2004, the Borssele operator EPZ extended a reprocessing contract with AREVA NC. This
is a curious decision considering that there are no possibilities in the Netherlands of using separated
plutonium. EPZ pays the French EDF instead to get rid of it.

Spain operates eight reactors that provide 18.3% (down from 23.6% in 2003) of the electricity in
the country. Beyond the de-facto moratorium that has been in place for many years, the current
Spanish Premier Jose Luis Zapatero made the nuclear phase out a part of his key government goals.
Zapatero announced at his swearing-in ceremony in April 2004 that his government would
“gradually abandon” nuclear energy while increasing funding for renewable energy in an effort to
reduce greenhouse gas emissions, in accordance with the Kyoto protocol. The first unit (José
Cabrera) was shut down at the end of 2006. Zapatero has confirmed the nuclear phase-out goal
since his reelection in 2008 and Industry Minister Miguel Sebastian stated: "There will be no new
nuclear plants."’” However, the Spanish Nuclear Safety Council (CSN) is currently reviewing
potential lifetime extensions for existing facilities. The licenses of seven units will run out within
Zapatero’s current term. On 5 July 2009 the Spanish government extended the operating license of
the Garofa plant until 2013, while the safety authorities had approved an extension up to 2019.

The current government intends to put energy conservation first. "Saving 20 percent would be the
equivalent of doubling the number of nuclear power plants. It seems easier and cheaper to me,"
Miguel Sebastian said. "Furthermore, it (saving) is immediate, whereas nuclear plants take 15
years. There is no controversy, no waste or security problems, nothing," he added.’”® In addition, in
recent years Spain has turned into the world’s second largest operator of solar power capacity’’’
and the third largest of wind power.

Sweden operates 10 reactors that provide 42% (down from 50% in 2003) of the electricity. Sweden
has one of the highest per capita power consumptions in the world. The main origin of this high
consumption level is the widespread, very inefficient thermal uses of electricity. Electric space
heating and domestic hot water use represent about a quarter of the country’s power consumption.

7 FORSA, “Meinungen zum Ausstieg aus der Atomkraft”, 23 April 2009.

7% At http://www.world-nuclear.org/info/inf107.html .

°7> Reuters, “Spain insists on energy saving, not nuclear plants”, 21 January 2009.

7 Ibidem.

377 Spain has connected to the grid 2,600 MW in 2008 alone, which is equivalent to the total installed grid
connected photovoltaic capacity added that year in the rest of the world; see REN21, “Renewables Global

Status Report — 2009 Update”, Paris, 2009.
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Sweden decided in a 1980 referendum to phase out nuclear power by 2010. The referendum was a
somewhat strange initiative since it took place when only six out of a program of 12 reactors were
operating; the other six were still under construction. It was therefore a “program limitation” rather
than a “phase-out” referendum. Following the Chernobyl accident, Sweden pledged to phase out
two units by 1995-6, but this early phase out was abandoned in early 1991. The country retained
the 2010 phase-out date until the middle of the 1990s, but an active debate on the country's nuclear
future continued and led to a new inter-party deal: start the phase-out earlier but give up the 2010
deadline. Therefore the first reactor (Barseback-1) was shut down in 1999 and the second one
(Barsebéck-2) went off-line in 2005.

On 5 February 2009 the conservative coalition government parties signed an agreement on energy
and climate policy that defines some ambitious renewable energy and energy efficiency targets.
The agreement calls for the Nuclear Phase-Out Act to be scrapped and the prohibition on the
construction of new nuclear power plants to be lifted. However, the implementation of the

agreement implies fulfilling a number of significant conditions®"®:

e The coalition parties only have a small 178/171 majority in parliament but need to change
legislation in order to allow new nuclear construction. The opposition parties, Social
Democrats, Green Party and Left Party remain firmly opposed to nuclear power and the
2010 elections could bring the pro-nuclear coalition parties back to square one.

* New plants can only be built once an existing plant is shut down. The maximum number of
operating units thus shall not exceed ten as currently.

*  “Central government support for nuclear power, in the form of direct or indirect subsidies,
cannot be assumed.”

¢ The liability limits will be raised so that “reactor owners must take greater responsibility
for the risks of nuclear power”.

* Ambitious targets for 2020 include 50% renewables in the primary energy balance, the
increase of efficiency by 20% and the annual generation of 30 TWh wind power. That
leaves very little or no space for new nuclear power.

The United Kingdom operates 19 reactors (4 less than in 2003) that provide 13.4% (down from
22% in 2003) of the country’s electricity. The first generation plants, the Magnox reactors, of
which there were 11 stations have mostly been retired and the last two stations will close in the
next year or two. The seven second-generation stations, the Advanced Gas-cooled Reactors (AGR)
are also near or at the end of their design life, although the owners now hope to extend their life to
40 years so that the plants would be retired in the period 2016-2029. It remains to be seen whether
this plan is feasible. The AGRs have always had reliability problems and their operating costs are
now so high that it may be uneconomic to keep them in service even if the safety case can be made.
The newest plant is a Westinghouse PWR, completed in 1995.

The UK nuclear industry has gone through troublesome decades. Ever since Margaret Thatcher
failed in the first attempt at privatization in the late 1980s when the nuclear kWh turned out to be
twice as expensive as the market price for electricity, nuclear utilities and fuel industries have
moved between scandal and virtual bankruptcy. In September 2004, the European Commission
accepted that a UK Government €11 billion restructuring package (for example, it took over the
decommissioning liability) to stop the privately owned nuclear generator British Energy from going
into liquidation was state aid but did not distort markets. The state-owned nuclear fuel and
technology company, BNFL, was also effectively bankrupt because it could not meet its liabilities.
The government split the company into the physical ‘assets’ which were passed to a new agency,
the Nuclear Decommissioning Authority (NDA), while the capabilities were privatized, for
example, the reactor design and fuel manufacture division (mainly based on the Westinghouse
nuclear division acquired in 1998) was re-privatized as Westinghouse and sold to Toshiba. The
European Commission again accepted that this was state aid (the liabilities of the technology

’78 Regeringskansliet, “A sustainable energy and climate policy for the environment, competitiveness and
long-term stability”, 5 February 2009.
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divisions were being taken over by government) but this did not distort competition. The NDA is
now responsible for decommissioning all Britain’s civil nuclear facilities except those owned by
British Energy, a liability estimated in 2007/08 to be in excess of £63bn (compared to £51bn a year
earlier).”” The NDA inherited negligible funds for this task, relying partly, and increasingly, on
grants from the Treasury and partly on income from the facilities still in operation, including the
two Magnox stations, the THORP reprocessing and the SMP plutonium fuel manufacturing plants.
However, both of the latter facilities have been plagued by a number of very serious technical
problems that kept their operation significantly below expectations. A leak discovered at one of the
accountancy tanks at the THORP facility in April 2005 that had gone unnoticed for about eight
months resulted in a spill on the floor of a building of over 80 m® of dissolved fuel containing some
22 tons of uranium and 200 kg of plutonium. After two and a half years the plant has only
reprocessed a test batch of 33 tons and a significant part of the plant remains closed. Another leak
detected at one of the evaporators in May 2009 could lead to the long-term or even permanent
closure of the plant.”™

The Sellafield MOX Plant or SMP has fared even worse. Since the plant opened in 2002, the plant
has produced a total of only 6.3t of mixed-oxide fuel. Its original annual production rate was
reported to be 120t.**'

In 2004 the nuclear lobby in the UK launched a major initiative, widely reflected in the media, in
order to keep the nuclear option open. However, key government ministers rebutted the claims in
an unusually clear manner. “Building nuclear power stations would risk landing future generations
with 'difficult' legacies”, then Environment Secretary, Margaret Beckett, stated.’*

However, in 2006, Tony Blair stated that “nuclear power is back on the agenda with a
vengeance”,”® and the current Brown government seems to be willing to support the nuclear
option. After Greenpeace’s legal challenge successfully undermined a first public consultation
procedure over the future of nuclear power in the UK, a second consultation ended on 10 October
2007. However, it was considered equally inappropriate by a number of environmental and
consumer organizations, and Greenpeace filed an official complaint over the conduct of the process
with the Market Research Standards Board (MRSB), following its withdrawal along with other
NGOs from the consultation a month earlier.”® The government is being accused in particular of
having made up its mind prior to the consultation process, essentially turning it into a farce, and of
distributing factually erroneous information.

A confidential draft memo on energy policy for the Prime Minister by the Secretary of State for
Business, Enterprise and Regulatory Reform curiously identified renewable energies as a threat to
the development of nuclear power through the weakening of the European emissions trading
scheme: "[Meeting the 20% renewables target] crucially undermines the scheme's credibility ... and
reduces3 8ghe incentives to invest in other low carbon technologies like nuclear power", say the
papers.

In March 2006 the UK Government’s Sustainable Development Commission issued its report on

nuclear energy and came up with the following conclusion®®’:

37 At http://www.nda.gov.uk/documents/loader.cfm?url=/commonspot/security/getfile.cfm&pageid=21824 .
% CORE, “THORP — Living on a knife-edge. Future hopes evaporating fast”, 18 May 2009.

! Nuclear Engineering International, “Official figures show scale of Sellafield MOX Plant losses”,

May 2009.

2 The Observer, 19 September 2004.

% When Tony Blair announced the new nuclear program in the UK in May 2006, he stated: “These facts put
the replacement of nuclear power stations, a big push on renewables and a step change on energy efficiency,
engaging both business and consumers, back on the agenda with a vengeance.” See “Blair Presses the
Nuclear Button,” The Guardian, 17 May 2006;
http://www.guardian.co.uk/environment/2006/may/17/energy.business .

334 At http://www.greenconsumerguide.com/index.php?news=3545 .

**> The Guardian, 23 October 2007.

3% Sustainable Development Commission, “Is Nuclear the Answer?”, London, March 2006.
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The majority of members of the Commission believe that, given sufficient drive and
support, a nonnuclear strategy could and should be sufficient to deliver all the carbon
savings we shall need up to 2050 and beyond, and to ensure secure access to reliable
sources of energy.

The relatively small contribution that a new nuclear power programme would make to
addressing these challenges (even if we were to double our existing nuclear capacity,
this would give an 8% cut on total emissions from 1990 levels by 2035, and would
contribute next to nothing before 2020) simply doesn’t justify the substantial
disbenefits and costs that would be entailed in such a programme.

Two years later the Brown government started to organize the new build programme. In April 2009
the NDA auctioned off the first pieces of land earmarked for the construction of new reactors.
French utility EDF*® and German companies E.ON and RWE were amongst the buyers. By May
2009 EDF** had issued prequalification questionnaires to a number of firms for preparatory and
civil works contracts.*®” While EDF would propose the EPR model, RWE is in negotiations with
Westinghouse over the construction of up to three AP1000 in North Wales starting in 2013.
Westinghouse estimates that between 70% and 80% of the work and services for AP1000
construction could by provided by the UK supply chain.**® Considering the dramatic situation of
nuclear and general engineering education in the UK (see chapter I1.), this seems very optimistic.

Between the middle of April and the middle of May 2009 the UK population was invited to submit
comments on the pre-selection of 11 proposed sites for potential new nuclear reactors (five of
which belong to EDF Energy).””! The Government's National Policy Statement (NPS) on those
proposed sites is scheduled for autumn 2009.

Public opinion remains split in the UK and while, in a 2007 European Commission sponsored poll,
36% were in favour of increasing the share of nuclear energy in the EU 57% were in favour of
decreasing the role of nuclear power.””> Meanwhile, an action group has been set up to fight plans
to build a new plant at Layriggs Farm in Kirksanton. A private vote carried out by campaigners
founclgghat 90% of villagers said they would leave Kirksanton if the nuclear power station were
built.

A key plank of the government’s nuclear policy was its commitment that new nuclear power plants
would not need or be given subsidies, a claim that the utilities did not initially dispute. However, as
estimated costs escalate, EDF was the first utility to break ranks suggesting that a minimum carbon
price would be required and also that targets for renewables would have to be reduced to allow
nuclear plants to stay on base-load.***

The only Non-EU Western European country that operates nuclear power plants is Switzerland. It
operates five reactors that cover 39.2% of the country’s electricity consumption. In 2001 the
resentment against nuclear power was at an all time high with 75% of the Swiss people responding
“no” to the question “is nuclear power acceptable?”** In 2003 a majority of people rejected
nevertheless two far-reaching motions against the further use of nuclear power. Switzerland is the
only nuclear country that repeatedly undertakes referenda over the future of nuclear power. While

7 As early as 2006 EDF hired a powerful ally, Andrew Brown, the Prime Minister’s younger brother, who,
as of May 2009, acts as press officer for EDF Energy.

3% Platt’s David Stellfox in a February 2009, Washington DC presentation, put it this way: “How to resurrect
a flagging nuclear industry quickly — give it to the French!”

3% Contract Journal, “Ten firms in race for £700m nuclear civils packages”, 20 May 2009.

30 WNN, “Westinghouse gets set for UK construction”, 5 September 2008.

%! Not all contenders stayed in the race. When land prices went through the roof, a group comprising
Iberdrola SA, GDF Suez SA and Scottish & Southern Energy Plc dropped out of the bidding process; see
Bloomberg, “Iberdrola Group Pulls Out of UK Nuclear Bidding, FT Reports”, 28 April 2009.

392 Gallup, “Attitudes on issues related to EU Energy Policy”, European Commission, DG TREN, April
2007.

3% North-West Evening Mail, “Nuclear Row — Residents will quit village”, 26 March 2009.

3% Financial Times, “EDF calls for support for nuclear industry”, 25 May 2009.

%% Conrad U. Brunner, “Democratic Decision-Making in Switzerland: Referenda for a Nuclear Phase-Out, in
“Rethinking Nuclear Energy after September 11, 20017, Global Health Watch, IPPNW, September 2004.
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the phase-out option never gained a sufficient majority, the referenda have maintained an effective
moratorium on any new project over long periods of time. Currently, the nuclear operators have
initiated a debate over the potential replacement of the country’s aging nuclear power plants.
However, there are no short-term prospects for any new nuclear plants in Switzerland. Long-term
observer Conrad Brunner notes that utilities that in spring 2008 have introduced proposals for new
nuclear power plants are “in for a long fight because neither the site decision is clear (...) nor the

economy of nuclear energy in the light of the Finnish example is clear”.**

IV.4.2. Nuclear Power in Central and Eastern Europe

In Bulgaria in 2008 nuclear power provided 32.9% of the country’s electricity. This is 10% down
from the 2006 level as of December of that year. To fulfill the conditions for entry into the EU, the
second two blocks of the Kozloduy power plant were closed. This follows the closure of the first
two units at the end of 2002. The agreement for the closure of the four VVER 440-230 designed
reactors, along with deals for similar vintage reactors in Lithuania and Slovakia, was made in 1999.
Bulgaria received €550 million from the EU as compensation for the closure. Two VVER 1000
reactors remain in operation at the Kozloduy site. In 2003 the Government announced its intention
to restart construction at the Belene site in Northern Bulgaria. Construction of a reactor began in
1985 but following the political changes in 1989 construction was suspended and formally stopped
in 1992, in part due to concerns about the geological stability of the site. In 2004 a call for tender
for the completion of the 2000 MW of nuclear capacity was made and seven firms initially
expressed an interest. However, all but two proposals, those involving the original VVER design,
one led by Skoda and one by Atomstroyexport (ASE) of Russia, were withdrawn. In October 2006
the ASE consortium, involving the French nuclear constructor AREVA and Bulgarian firms, was
awarded the €4 billion contract.

Controversy remains over the completion of the Environmental Impact Assessment (EIA), which it
is claimed does not contain adequate information on the seismic conditions, nor does it address the
possibility of beyond design base accidents or give details of the potential impacts of
decommissioning®”’. Furthermore, following a legal action by environmental groups the authors of
the original EIA confirmed, in court, that it was flawed and that it would require a new EIA once a
design and builder were appointed®”®. In February 2007 the Bulgarian authorities informed the
European Commission — as they are required to do under the Euratom Treaty — of the construction
plans.

A Belene construction consortium has been established in which the State utility Natsionalna
Elektricheska Kompania (NEK) will retain overall control, with 51%, with the remaining shares
having been put to tender. In late 2008 German utility RWE was announced as the strategic
investor with a requirement to put up €1.275 billion as well as provide an €300 million loan in
advance. This led to the formation of the Belene Power Company in December 2008 as a joint
venture. However, press reports suggest that RWE is unwilling to inject funds into the project prior

to its completion, leading to a request for additional finance for the project from Russia®”’.

The new Bulgarian government that was voted into office in July 2009 might scrap the Belene
project altogether. Deputy Prime Minister Simeon Djankov, a former chief economist at the World
Bank who is also the new finance minister, declared that “there is an 80 percent chance that the
Belene project will be stopped”.**’

3% Conrad Brunner, “Switzerland — What’s Left from the Glaciers in the Alps”, in Lutz Mez, Mycle
Schneider & Steve Thomas (eds), “International Perspectives on Energy Policy and the Role of Nuclear
Power”, Multi-Science Publishing, Brentwood, 2009.

%7 Jan Haverkamp, “Comments on the non-technical summary of the EIA report of the Investment Proposal
of the Belene Nuclear Power Plant”, Greenpeace, June 2004.

% Answers of the EIA team on question 29 by NGOs and citizens during the hearings on the Framework of
the EIA for Belene, 2004.

% Novinite, “Russia to Temporarily Finance Bulgaria Nuclear Plant Belene”, 24 March 2009;
http://www.novinite.com/view_news.php?id=102206 .

% Bloomberg, "Bulgaria May Cancel Nuclear-Plant Project, Sell Utility Shares", 31 July 2009.
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The Czech Republic has six Russian designed reactors in operation at two sites, Dukovany and
Temelin. The former houses four VVER 440-213 reactors, while the latter two VVER 1000-320
units. Between them they produce 32.5% of the country’s electricity. The State utility CEZ has
become a major importer and exporter of electricity and in 2007 it had a net export of around 16
TWh (physical exchange), with significant exports to Austria, Germany and Slovakia*'. This
represents about two thirds of the nuclear generated electricity.

The Temelin nuclear power plant was the focus of considerable controversy since a decision was
taken to restart construction in the mid 1990s after construction was halted in 1989. The two
reactors were eventually started in 2000 and 2002, with the financial assistance of the US Export-
Import Bank and instrument and control technology supplied by Westinghouse. The involvement
of Westinghouse at a relatively late stage of construction caused additional technical problems,
leading to delays and cost over-runs. The International Energy Agency has suggested that “despite
low operating costs, amortizing Temelin’s costs (total cost: CZK99 billion [€590; 3.1 billion], plus
CZK10 bi}})izon [€2001 313 million] of unamortized interest) will create a significant financial burden
for CEZ”.

Even after the reactors began operating the controversy did not stop, as technical problems,
especially those relating to the uniquely large turbines, have caused a number of unplanned
outages. The turbine problems as well as additional difficulties over the deformation of the fuel
elements have resulted in lower lifetime plant availability. In 2007, unit 1 had a capacity factor of
64% and unit 2, 74%, compared to a global average of 82%.

In July 2008 CEZ announced a plan to build two more reactors at Temelin, with construction to
start in 2013 and commissioning the first unit in 2020. However, planning is vague at best, at this
point. The Czech government is split on the nuclear question, the industry minister favoring nuclear
power and the Green Party chairman and minister of the environment opposing nuclear power.

The Dukovany plants have operated since the first half of the 1980s and have been the subject of
engineering changes to extend the life of the reactors while simultaneously expanding their output,
by about 15%. It is envisaged by the operators that the power plant will continue operating until
2025.

There is one nuclear power plant operating in Hungary at Paks, which houses four VVER 440-213
reactors providing 37.2% of the country’s electricity. The reactors started commercial operation in
the early 1980s and have been the subject of engineering works to make possible their operation for
up to 50 years accompanied by a 20% increase in capacity. In April 2003 the second reactor at the
site experienced the country’s worst ever nuclear accident, rated on the International Nuclear Event
Scale (INES) as a "serious incident", which resulted in the evacuation of the main reactor hall and
the venting of radioactivity into the outside environment. It later transpired that the accident was
caused by inadequate cooling of the fuel rods during cleaning in a special container, leading to their
overheating and the damage of the majority of the 30 fuel elements. The reactor was out of
operation for 18 months.

In 1998 the operator of Paks proposed building additional nuclear capacity, but this was rejected by
the national utility MVM. However, in March 2009 the Parliament approved the Government
proposal for the construction of additional reactors that would double the capacity of Paks. No
industrial plans or projections are known at this point and financing remains a key issue.

The Ignalina nuclear power plant in Lithuania is the only RBMK design still in operation outside
Russia. Given the impact that the Chernobyl accident had across Western Europe, it is remarkable
that a similar design of reactor has been allowed to operate within the European Union. As part of

1 UCTE 2007: Physical electricity exchange of UCTE countries,

http://www.ucte.org/ library/statsexchange/e_exchanges 2007.pdf .
2 International Energy Agency, ‘Energy Policies in IEA Countries, Country Review - Czech Republic’, IEA
2001.
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the accession agreement the remaining unit has to close by the end of 2009. The first unit was
closed in 2004. The justification for the long phase-out was the country’s dependency on the
stations. Even after the closure of unit one in 2004, the power station was still responsible for over
72.9% of the country’s electricity in 2008. This is because the power station is far too large for the
country’s relatively small demand, as prior to the political changes in 1992 it provided electricity
mainly to Russia. The dependency on one reactor for such a large percentage of electricity would
be highly risky from a security of supply perspective. In reality the country always had a very
large, up to over 250%, overcapacity. Therefore the replacement of the Ignalina plant has always
been more a political than a technical issue.

In February 2007 the Governments of the three Baltic States and Poland agreed in principle to
build a new nuclear power plant at Ignalina. A parliamentary bill was passed in Lithuania in July
2007 calling for its construction and completion by 2015. During the following two years various
permutations of ownership structures and sizes of the proposed reactor(s) were put forward. The
latest, published in January 2009, calls for the construction of only one reactor, under the
management of a Lithuanian government-controlled company LEO Lt. In March 2009 the
Lithuanian President Valdas Adamkus stated that work on the new plant would get underway
before the end of 2009 and possibly as early as the autumn. “By May we will have a business plan.
By the fall we can probably start work on digging the ground”, Adamkus said.*”® In 2007 the
Lithuanian government formed a national company LEO LT to finance the project together with
the other Baltic States and Poland. However, energy minister Arvydas Sekmokas stated: “I doubt
LEO LT is capable of building the plant. None of the four countries involved have expertise to do
so; therefore we need to get the strategic investor."*** Considering the fact that by the end of May
2009 neither a strategic investor nor a call for tender had been announced and that financing issues
have remained entirely in the dark, the start of the project in the short term is highly unlikely.

The Cernavoda nuclear power plant in Romania hosts the only Candu (Canadian designed)
reactors in Europe. In 2008 they provided 17.5% of the electricity in the country. The power plant
was started under the regime of Nicolae Ceausescu and initially was to house five units.
Construction was started in 1980 on all the reactors, in part using funding from the Canadian
Export Development Corporation, but this was scaled back in the early 1990s to focus on unit 1.
Eventually this was completed in 1996 at an estimated cost of around US$2.2 billion and nearly a
decade late. The second unit, also completed with foreign financial assistance, a $140 million
Canadian loan and a €223 million Euratom loan, was connected to the grid in August 2007 - after
27 years of construction. Plans are being actively developed to complete two additional units at the
power plant. Bids have been solicited to create an independent power producer between the utility,
SNN, which will complete and provide operation and maintenance, and a private investor. In 2008,
following protracted negotiations, the government decided that SNN would take 51% equity and
provide funding of €1 billion in loans and loan guarantees. Other funds would be internal and from
partial privatizing of SNN in 2011. In November 2008 an investment agreement was signed
between SNN and ENEL (Italy), CEZ (Czech Republic), GDF Suez (France), RWE Power
(Germany) each holding 9.15%, Iberdrola (Spain) and ArcelorMittal Galati (Romania) both having
6.2%. Initially, commissioning of unit 3 was due in October 2014 and unit 4 in mid 2015.
However, this has now been revised and the first unit is not expected to be completed until 2016 at
the earliest.

The state utility Slovenske Elektrarne (SE) operates all the nuclear power plants in Slovakia at two
sites: Bohunice, which houses two VVER 440 units, and Mochovce, which operates two similar
reactors. There were two other reactors at Bohunice but these were the older VVER 440 230 design
and were closed in 2006 and 2008 as part of the EU accession partnership agreement. The

%3 Earth Times, “Lithuanian president says work on nuclear plant to begin 2009”, 27 March 2009.
404 Reuters, “Lithuania to seek strategic investor for n-plant”, 12 March 2009
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remaining units were subject to engineering works to extend their operating lives to 40 years,
which would enable the station to operate until 2025.

The Mochovce units were completed in 1998 and 1999. They were to have been the first reactors to
receive funding from the European Bank for Reconstruction and Development (EBRD) in 1995.
However in the week before a, expected to be, positive decision by the Bank’s board of directors,
the Slovakian authorities withdrew the loan application. It was said that the withdrawal was due to
the financial conditions and overall price of the project (€1.2 billion). At the time the Slovak
Government said it would be completed at a lower cost using solely Russian and Slovak
engineering. The reactors were officially 90% and 75% complete and the new completion cost was
said to be on the order of €800 million. However, when finally completed the cost was estimated to
be around double that amount.

In October 2004 the Italian utility ENEL acquired 66% of SE. As part of its bid ENEL proposed to
invest nearly €2 billion in new generating capacity, including the completion of the third and fourth
blocks of Mochovce. In February 2007, SE announced that it was proceeding with the completion
of these units and that ENEL had agreed to invest €1.8 billion. Although the European Commission
gave its permission for construction to restart in July 2008, it noted that the reactor did not have a
"full containment" structure which is used in the most recent construction of nuclear power plants
planned or under way in Europe and they requested that the investor and national authorities

implement additional features to withstand an impact from a small aircraft*®.

Despite pressure from the Slovak Government it took until June 2009 to reactivate construction.
The two units are now scheduled for completion in 2012 and 2013 respectively.

The Krsko nuclear power plant in Slovenia is the world’s first reactor to be jointly owned by two
countries — Croatia and Slovenia. The reactor is a 700 MW Westinghouse PWR and was ordered
by the former Yugoslavia and provided 41.7% of Slovenia’s electricity in 2008. It was connected to
the grid in 1981 and is due to operate until 2021. The output is shared between the two countries.
Discussions remain ongoing for the potential construction of a second reactor at the site without
any short-term perspective.

IV.5. Russia and the Former Soviet Union

Armenia has one remaining reactor (Armenia-2) at the Medzamor nuclear power plant, which is
situated within 30 km of the capital Yerevan. In 2008 it generated 39.4% of the country’s power.
The reactor is of early Soviet design, a VVER 440-230, and has raised considerable safety
concerns. In 1995 a US Department of Energy document stated: “In the event of a serious accident,
however, the reactor’s lack of a containment and proximity to Yerevan could wreak havoc with the
lives of millions**®. Due to its proximity to the capital a referendum was held in 1988, which
resulted in an agreement to close the then two operating VVER 440-230 reactors. In December
1988 Armenia suffered a major earthquake which killed around 25 000 people and led to the rapid
closure of the reactors in March 1989. During the early 1990s and following the collapse of the
former Soviet Union, a territorial dispute between Armenia and Azerbaijan resulted in an energy
blockade against Armenia. This led to significant power shortages and in 1993 the Government
decided to re-open Unit 2, the younger of the two units. The reactor is due to close in 2016. In
September 2007 the Minister of Energy called for a new reactor to be built at Medzamor, with an
anticipated construction cost of $2 billion and a construction time of four and a half years. More
recently, in February 2009, the Government announced a tender to build a 1000 MW unit with an
expected cost of around $5 billion.

405 . . . . .. .
European Commission, “Commission issues its opinion on units 3 and 4 of the Slovak Nuclear Power

Plant of Mochovce”, IP/08/1143, 15 July 2008.

% DOE, "Most Dangerous Reactors - A worldwide compendium of reactor Risk", US Department of

Energy, Office on Energy Intelligence, May 1995.
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Kazakhstan had just one fast breeder reactor in operation at Aktau, the BN 350, which, in 1973,
was the world’s first commercial fast breeder reactor. It was closed down in 1999, having been
used to generate power, heat and for desalination. There are a wide range of proposals for the
further use of nuclear power, ranging from further breeder reactors, to larger light water reactors, to
up to 20 smaller reactors deployed in towns across the country. The plans seem to mainly involve
Russian or Japanese technology but have not turned into concrete projects.

However, Kazakhstan’s main contribution to the global nuclear industry is its uranium production,
as it has 15% of the world’s reserves. Uranium production has increased rapidly in the last decade,
from 795 tons in 1997 to 6,637 tons in 2007, with plans for 30 000 tons by 2018. In order to meet
these objectives various co-operation agreements have been signed with companies and
government agencies from amongst others, Canada, China, France, Japan and Russia. These
agreements are not restricted to uranium supply but also involve enrichment and fuel fabrication.

There are 31 operating reactors in Russia with a total installed capacity of 21.7 GW. In 2008 the
nuclear fleet generated 152 TWh, providing 16.9% of the country’s electricity. The following
reactors are in operation: 15 of the early design, four first generation VVER 440-230 and
11 RBMK reactors; four small (11 MW) BWRs used for cogeneration in Siberia; one fast breeder;
and 11 second generation light water reactors (2 VVER 440-213 and 9 VVER 1000s). The average
age of the reactors in operation is 27 years and only two have been completed in the last 10 years.
The last reactor was completed in 2004 at Kalinin.

There are nine reactors officially under construction, of which three were started over 20 years ago
(Volgodonsk 2 [1983]; Kursk 5 [1985] and Kalinin 4 [1986]). The other reactors include one fast
breeder at Beloyask and two small PWRs (32 MW) — to be placed on barges. Two of the latest
VVER 1200 reactors (the AEA 2006) are being built at Novovoronezh and Leningrad — where
construction started in October 2008.

Over the years the Government has announced a number of plans for the expansion of the nuclear
sector. For example the plan in 2000 was that by 2010 over 200 TWh of nuclear electricity would
be generated. In October 2006 a US$55 billion nuclear energy development program was adopted.
Nearly half of this proposed program, $26 billion, was to come from the Federal budget, with the
rest coming from the industry. In September 2007 the Government announced plans for the
construction of an additional 8 VVER 1200 by 2016 with further reactors to be built after this,
leading to a doubling of installed capacity by 2020. It is anticipated that the construction of 2 GW
per year of new reactors will start after 2009. However, the recent global economic situation is
particularly affecting the Russian economy, due to the low price of oil and gas, and may once again
lead to the delay or cancellation of a number of nuclear projects.

In addition to expansion plans, the Russian industry is proposing to extend the operating lives of
existing reactors. In particular the RBMK reactors are now expected to operate for around 45 years.

Russia is constructing more reactors for export than it is for its domestic market, with sales of the
latest design of the VVER 1000, the AES 91 and AES 92, in Bulgaria, China and India. A number
of other reactor designs are being developed, including smaller 300 MW BWRs.

Russia has developed the whole nuclear fuel chain. Russian uranium resources are around 10% of
the world’s reasonably assured resources plus inferred resources according to the Nuclear Energy
Agency, with the largest mines close to the Chinese/Mongolian border. Exploration expenditure
has nearly doubled in two years to about US$ 52 million in 2008. Plans are also being proposed to
develop mining reserves in a number of countries, through the formation of the Uranium Mining
Company (UGRK) in conjunction with Kazakhstan, Uzbekistan and Mongolia. In September 2007
a deal was also signed with the Australian Government to import up to $1 billion worth of uranium
per year. Joint ventures are also being developed for mining projects in Russia, such as with Japan's
Mitsui & Co, and in February 2009 Rosnedra published a list of deposits to be offered for tender in
20009.

For many decades Russia has been involved in the supply of fresh fuel and the return of spent fuel
to and from countries in Central and Eastern Europe. This practice has now largely ceased. Despite
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the intention to increase the reprocessing of nuclear fuel, only the VVER 440 fuel is reprocessed,
with the VVER 1000 and RBMK fuel stored. The construction of the RT-2 plant at Krasnoyarsk,
proposed for reprocessing of VVER 1000 fuel, was stopped. Furthermore, the RT-1 reprocessing
lines at Mayak for the VVER 440 fuel are now operating at only one third capacity due to the loss
of foreign contracts.

Ukraine has fifteen reactors in operation providing 47.4% of the country’s electricity in 2008. The
accident at Chernobyl in 1986 not only did huge damage to the country’s economy, environment
and public health, but it also stopped the development of nuclear power. This situation was further
exacerbated when there was another accident at the Chernobyl station, in unit 2 in 1991. Since then
the two remaining units at Chernobyl have been closed and the station is now awaiting
decommissioning.

Since 1986 three reactors have been completed, Zaporozhe 6, Khmelnitsky 2 and Rovno 4. The
latter two units were initially planned to be completed using financing from the EBRD and
Euratom, but the project was withdrawn at the last moment by the Ukrainian Government claiming
that the costs and conditions for the loans were too high. The reactors were completed using
Ukrainian and Russian resources, but both reactors were later the recipients of much smaller loans
from both the EBRD and Euratom for ‘post completion’ upgrades.

In 2006 the Government approved a strategy that would lead to the doubling of nuclear installed
capacity by 2030. This would require both the replacement of existing units (between 9 to 11
reactors totaling 10.5 GW) and a further 11 reactors for expanding capacity. The strategy envisages
initially the completion of the third and four units at Khmelnitsky with work commencing in 2010.
Despite their apparent completion status (75% and 28%) the reactors are not expected to be
completed until 2016 and 2017. The majority (85%) of the funding for the completion project is
expected to come from a Russian loan. Despite this an international tender was announced, but in
the end only Atomstroyexport and Korea HNP submitted tenders. The contract is due to be signed
in 2009.

The identification of the other projects in the expansion plan and the ordering of new construction
are expected to start in 2010.

Ukraine has some uranium reserves and is undertaking mining activities, in particular at Zholtye
Vody in the Dnepropetrovsk region. These activities provide about one third of the Ukrainian
uranium needs. As of 1 January 2007 uranium resources, recovered at mining cost less than 40
USD/kgU. Further sites are under active exploration and development using domestic resources,
although plans exist to boost these activities using foreign investment with an objective of
production doubling to about 1500 t/year by 2013.
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Annex 1: Status of Nuclear Power in the World (1% August 2009)

Nuclear Reactors'”’ Power"® Energy’”
Countries Operate Average Under Planned*™ Share of Share of
Age Construction**® Electricity412 Commercial
Primary Energy
Argentina 2 31 1 1 6%(=) 2%
Armenia 1 30 0 0 39%(-) %
Belgium 7 29 0 0 54%(=) 14%
Brazil 2 18 0 1 3%(=) 1%
Bulgaria 2 20 2 0 33%(=) 18%
Canada 18 26 0 3 15%(=) 6%
China 11 8 16 29 2%(=) <1%
Czech Republic 6 18 0 0 32%(+) 14%
Finland 4 30 1 0 30%(=) 20%
France 58 24 1 1 76%(=) 39%
Germany 17 28 0 0 28%(=)"" 11%
Hungary 4 24 0 0 37%(=) 14%
India 17 18 6 10 2%(=) <1%
Iran 0 0 1 2 0%(=) 0%
Japan 53 24 2 13 25%(-) 11%
Lithuania 1 22 0 0 73%(+) 26%
Mexico 2 18 0 0 4%(=) 1%
Netherlands 1 36 0 0 4%(=) 1%
Pakistan 2 24 1 2 2%(=) <1%
Romania 2 8 0 2 18%(+) 7%
Russia 31 27 9 7 17%(=) 5%
Slovakia 4 19 2 0 56%(+) 21%
Slovenia 1 28 0 0 42%(=) ?%
South Africa 2 25 0 3 5%(=) 2%
South Korea 20 17 5 7 36%(=) 14%
Spain 8 26 0 0 18%(=) 9%
Sweden 10 31 0 0 42%(-) 31%
Switzerland 5 34 0 0 39%(=) 21%
Taiwan 6 28 2 0 19%(=) 8%
Ukraine 15 21 2 0 47%(=) 16%
United Kingdom 19 28 0 0 13%(-) 6%
USA 104 30 1 11 20%(=) 8%
EU27 144 25 6 3 28%(=) 12%
Total 435 25 52 93 ca. 14% 5.5%

© Mycle Schneider Consulting

407 According to IAEA PRIS August 2009, http://www.iaea.org/programmes/a2/index.html unless noted otherwise.
408 11 2008, based on IAEA PRIS, May 2009.
49 1n 2008, according to BP, "Statistical Review of World Energy", June 2009.

410 A5 of May 2009.

411 Adapted from WNA; the WNA lists an addition 13 planned units in potential newcomer countries; see

http://www.world-nuclear.org/info/reactors.html accessed on 28 May 2009.

412 A +/-/= in brackets refer to change in 2008 versus the level in 2007; a change of less than 1% is considered =.
413 German statistics (AG Energiebilanzen) give the share in the gross national power generation as only 23.3%.




Annex 2: Nuclear Reactors in the World Listed as “Under Construction” (1° August 2009)

Country Units | MWe (net) Construction Start Planned Grid Connection
Argentina 1 692 1981/07/14 2010/10/01*"
Bulgaria 2 1906

...Belene-1 953 1987/01/01 2014
...Belene-2 953 11987/03/31 2015"¢
China 16 | 15220

...Fangjiashan-1 1000 | 2008/12/26 2013*7
...Fangjiashan-2 1000 | 2009/07/17 2014%"®
...Fugqing-1 1000 | 2008/11/21 2013/10*"
...Fugqing-2 1000 | 2009/06/17 2014/08**
...Hongyanhe-1 1000 | 2007/08/18 2012/10%!
...Hongyanhe-2 1000 | 2008/03/28 2013*
...Hongyanhe-3 1000 | 2009/03/07 2014*3
...Lingao-3 1000 | 2005/12/15 2010/08/31
...Lingao-4 1000 | 2006/06/15 2011/08***
...Ningde-1 1000 | 2008/02/18 2012*
...Ningde-2 1000 | 2008/11/12 2013%¢
...Qinshan-1I-3 610 |2006/03/28 2010/12/28
...Qinshan-11-4 610|2007/01/28 2011/09/28
...Sanmen-1 1000 | 2009/04/19 2013*

... Yangjiang-1 1000 | 2008/12/16 2013%

... Yangjiang-2 1000 | 2009/06/04 2014*
Finland 1 1600 2005/08/12 2012/06"° (completion)
France 1 1600 2007/12/03 2012/05/01%!
India 6 2910

...Kaiga-4 202 {2002/05/10 2009/11/30**
...Kudankulam-1 917 (2002/03/31 2009/07/31*
...Kudankulam-2 917 12002/07/04 2010/04/30"*
...PFBR 470|2004/10/23 2011%°
...Rajasthan-5 202 2002/09/18 2009+
...Rajasthan-6 202 2003/01/20 2009/06/30*7

Notes pertaining to Annex 2

14 Delayed multiple times. Most recent date published after January 2008.
415 Delayed multiple times, no IAEA start-up date, this estimate from: http://world-nuclear.org/info/inf87.html .
416 Delayed multiple times, no IAEA start-up date, this estimate from: http://world-nuclear.org/info/inf87.html .

417 No IAEA start-up date, this estimate from
418 No IAEA start-up date, this estimate from
19 No IAEA start-up date, this estimate from
420 No TAEA start-up date, this estimate from
21 No IAEA start-up date, this estimate from

: http://www.world-nuclear.com/info/inf63.html .

: http://www.world-nuclear.com/info/inf63.html .

: http://www.world-nuclear.com/info/inf63.html .

: http://www.world-nuclear.com/info/inf63.html .

. http://www.world-nuclear.com/info/inf63.html .

42 No IAEA start-up date, this estimate derived from: http://www.world-nuclear.com/info/inf63.html .
423 No IAEA start-up date, this estimate derived from: http://www.world-nuclear.com/info/inf63.html .
24 No IAEA start-up date, this estimate from: http://www.world-nuclear.com/info/inf63.html .

423 No IAEA start-up date, this estimate derived from http://www.world-nuclear.com/info/inf63.html .
426 No IAEA start-up date, this estimate derived from http://www.world-nuclear.com/info/inf63.html .

27 No IAEA start-up date. Westinghouse planned grid connection. Source: Westinghouse, Press Release, 19 April 2009.
428 No IAEA start-up date, this estimate for commercial operation from http://www.world-nuclear.com/info/inf63.html .
42 No IAEA start-up date, this estimate derived from: http://www.world-nuclear.com/info/inf63.html .

430 After several revisions of the original planned commissioning in 2009, the date refers to the “completion® of the plant.
Source: TVO, Press Release, 13 January 2009.

1 Delayed by 9 months, according to press reports. AREVA's CEO Anne Lauvergeon has claimed on public radio that the unit
is one year behind schedule. EDF claims the project is on schedule.

42 Delayed again from planned start-up at 2007/07/31. Date delayed again in early 2009.

43 Delayed again from previous planned start-up in December 2007. Date delayed again in early 2009.

43 Delayed again from previous planned start-up in December 2008. Date delayed again in early 2009.

433 Delayed several times; no IAEA start-up date; this estimate for commercial operation from http://www.world-
nuclear.org/info/inf53.html .

436 Delayed again from planned start-up at 2007/12/31, new date 2009/09/30 withdrawn in July 2009; no new IAEA date;
retained date for modeling purposes only.

437 Delayed again from planned start-up at 2007/06/30. June 2009 date still on IAEA-list on 5 August 2009. Retained
2009 as start-up date for modeling purposes.
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Country Units | MWe (net) | Construction Start | Planned Grid Connection

Iran 1 915 1975/05/01 2009/09/01*%*

Japan 2 2191

...Shimane 132512007/10/12** 2011/12/01

... Tomari 866|2004/11/18 2009/12/10**°

Pakistan 1 300 2005/12/28 2011/05/31

Russia 9 6894

...BN-800 750 | 1985 2014 (commercial operation)***
...Kalinin-4 950 | 1986/08/01 2011*

...Kursk-5 9251 1985/12/01 g4

...Leningrad-2-1 1085 | 2008/10/25 2013/10*°

...Novovoronezh-2-1 1085 | 2008/06/24 2012/12/31 (commercial operation)**®
...Novovoronezh-2-2 1085 | 2008/07/12 2014 (commercial operation)*!’
...Lomonosov-1 3212007/04/15 2012/12/31 (commercial operation)**®
...Lomonosov-2 3212007/04/15 2012/12/31 (commercial operation)**’
.. Volgodonsk 950 | 1983/05/01 2010 (commercial operation)*””
Slovakia 2 810

...Mochovce-3 405 |1985/01/01*" 2012/09*

...Mochovce-4 405 |1985/01/01*2 20134

South-Korea 5 5180

...Shin-Kori-1 960 | 2006/06/16 2010/08/01

...Shin-Kori-2 960 | 2007/06/05 2011/08/01

...Shin-Kori-3 13401 2008/10/31 2013/09/30 (commercial operation)**®
...Shin-Wolsong-1 960 | 2007/11/20 2011/05/28

..Shin-Wolsong-2 960 | 2008/09/23 2012/05/28

Taiwan 2 2600

...Lungmen-1 1300 | 1999/03/31 2011%°

...Lungmen-2 1300 | 1999/08/30 2010"7

Ukraine 2 1900

...Khmelnitski-3 950 | 1986/03/01 2015/01/01*%®

... Khmelnitski-4 950 | 1987/02/01 2016/01/01*°

USA 1 1165 1972/12/01 2012/08/01

Total 52 45883

© Mycle Schneider Consulting Sources: IAEA PRIS, May-August 2009, unless otherwise noted

4% Delayed again from planned start-up at 2007/11/01 as of January 2008.

43 This unit was added to the IAEA list only in October 2008.

40 Delayed slightly from planned start-up at 2009/12/01 as of January 2008.

41 The IAEA Power Reactor Information System (PRIS) curiously provides a new construction start date as 2006/07/18.
Until 2003, the French Atomic Energy Commission (CEA) listed the BN-800 as “under construction” with a construction
start-up date “1985”. In subsequent editions of the CEA’s annual publication ELECNUC, Nuclear Power Plants in the
World, the BN-800 had disappeared.

#2 Delayed numerous times; no IAEA start-up date; this estimate from http://www.world-nuclear.com/info/inf29.html .
43 Delayed from planned start-up at 2010/12/31 as of end of 2007, no new IAEA date. This estimate from
http://www.world-nuclear.org/info/inf45.html .

44 Delayed from planned start-up at 2010/12/31 as of end of 2007; no new IAEA date. Kursk-5 is based on an upgraded
RBMK design and its completion seems highly uncertain. We have arbitrarily envisaged, for modeling purposes only,
that it starts in 2012.

445 No IAEA start-up date; this estimate for commercial operation from http://www.world-nuclear.org/info/inf45 html .
46 Commercial operation date introduced in early 2009.

4“7 No IAEA start-up date; this estimate for commercial operation from: http://www.world-nuclear.org/info/inf45.html
48 Commercial operation originally planned for 2010 at Severod. Since, moved to Lomonosov and delayed by two years.
49 Commercial operation originally planned for 2010 at Severod. Since, moved to Lomonosov and delayed by two years.
430 Delayed from planned start-up at 2008/12/31 as of end of 2007, no new IAEA date. This estimate from
http://www.world-nuclear.org/info/inf45.html .

“>1'0n 11 June 2009 construction officially resumed.

420n 11 June 2009 construction officially resumed.

433 Delayed numerous times. No official start-up date; this estimate from: http://www.world-nuclear.org/info/inf91.html .
454 Delayed numerous times. No official start-up date; this estimate from: http://www.world-nuclear.org/info/inf91.html.
435 Commercial operation date introduced in early 2009.
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Annex 3: Potential Nuclear Newcomer Countries, Research Reactors and Grid Size

Country Research | Grid Size

Reactor® | (in MW)**
Albania No 1,700
Algeria Yes 6,500
Australia Yes 50,000
Azerbaijan No 5,200
Bangladesh Yes 4,700
Belarus Yes 8,000
Bosnia No 4,300
Chile Yes 13,500
Croatia No 3,900
Egypt Yes 20,500
Estonia No 2,300
Georgia Yes 4,400
Ghana Yes 1,500
Indonesia Yes 24,300
Israel Yes 10,000
Ireland No 6,200
Italy Yes 82,000
Jordan No 2,100
Kuwait No 11,000
Latvia Yes 2,200
Libya Yes 5,400
Malaysia Yes 23,300
Mongolia No 800
Morocco Yes 5,000
Namibia No 300
New Zealand No 8,900
Nigeria No 6,000
Norway Yes 28,000
Philippines Yes 15,600
Poland Yes 31,000
Portugal Yes 14,000
Thailand Yes 26,000
Tunisia No 3,300
Turkey Yes 41,000
Uganda No 300
United Arab Emirates No 15,700
Venezuela Yes 22,200
Vietnam Yes 12,400

Notes:

* Based on IAEA, Research Reactor Database, May 2009.
**Mainly as of 2006, as of 2007 if available, rounded, based on US-DOE-EIA, “World Total Electricity

Installed Capacity”, 8 December 2008.

4% Delayed several times from original start-up date of mid-2006. No IAEA start-up date; this estimate for commercial

operation from: http://www.world-nuclear.org/info/inf115_taiwan.html
7 Delayed several times from original start-up date of mid-2007.

458
459

Delayed numerous times.
Delayed numerous times.
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Annex 4: Timetable of Events at Olkiluoto-3 (according to Nucleonics Week)

Date Event

12/03 | Turnkey contract €3bn signed by TVO with AREVA NP & Siemens. Target construction
time 48 months. Contract includes cost of nuclear and non-nuclear islands and related
construction, financing costs, some waste management costs and the first fuel core.*60

4/04 | STUK: ‘We are getting the documents late. They (AREVA) aren't reserving enough time for
our review and they don't have all the information required by our guides.’#61

1/05 | STUK approves construction of Olkiluoto-3.462

2/05 | Finnish government gives construction license. 463

9/05 | Ceremony for laying of ‘cornerstone’464

10/05 | Pouring of base slab delayed by concerns about strength of concrete. Manufacturing of
reactor pressure vessel and steam generators "a few weeks" behind the original schedule465

2/06 | Problems with qualifying pressure vessel welds and delays in detailed engineering design
put construction more than six months behind schedule*66

3/06 | STUK opened an investigation into manufacturing and construction problems*6?

5/06 | Despite measures including two shifts on site and three shifts at AREVA's component
manufacturing plant, work is eight to nine months behind schedule.4¢8

7/06 | TVO acknowledges delay now 1 year. STUK investigation: An extremely tight budget and
timetable, supplier inexperience, poor subcontractor control and regulators’ difficulty in
assessing information have caused confusion and quality control problems that have delayed
the Olkiluoto-3 project*6?

10/06 | AREVA takes provision of ca €300m for Olkiluoto project470 3 out of 4 ‘hot legs’ not made
to specification. 47! Project manager replaced 472

12/06 | Delay estimated at 18 months*73

1/07 | AREVA NP: ‘AREVA-Siemens cannot accept 100 % compensation responsibility, because
the project is one of vast co-operation. The building site is joint so we absolutely deny

100 % compensation principle’ TVO: ‘I don’t believe that AREVA says this. The site is in
the contractor’s hands at the moment. Of course, in the end, TVO is responsible of what
happens at the site. But the realization of the project is AREVA’s responsibility’47+

5/07 | TVO and AREVA agree design not complete enough when contract signed. STUK: ‘a
complete design would be the ideal. But I don't think there's a vendor in the world who
would do that before knowing they would get a contract. That's real life.’47>

8/07 | Problems meeting requirements to withstand an airplane crash mean delay 2 years*76

9/07 | Steel containment liner repaired in 12 places to fix deformations and weld problems*77
AREVA acknowledges further financial provisions for losses but does not quantify them.
Independent estimate €500-700m*78

9 Nucleonics Week, "Finnish regulators anticipate challenging schedule for EPR", 1 January 2004, p. 21.

! Nucleonics Week, "Problems in getting information could delay review of Olkiluoto-3", 1 April 2004, p. 4.

*2 Nucleonics Week, "STUK okays Olkiluoto-3, sets limit on initial fuel burnup", 27 January 2005, p. 1.

3 Nucleonics Week, "Finnish government issues license for construction of Olkiluoto-3", 24 February 2005, p. 1.
4 Nucleonics Week, "Multinational ceremony marks Olkiluoto-3's cornerstone”, 17 September 2005, p. 15.

5 Nucleonics Week, "Olkiluoto-3 base slab pour delay not expected to impact end date", 20 October 2005, p. 4.
4% Nucleonics Week, "Construction of Olkiluoto-3 behind schedule”, 2 February 2006, p. 1

*7 Nucleonics Week, "STUK begins investigating construction delay at Olkiluoto-3", 2 March 2006, p. 8.

% Nucleonics Week, "Olkiluoto-3 containment liner set in place, but project still lags", 2 March 2006, p. 8.

%9 Nucleonics Week, "Host of problems caused delays at Olkiluoto-3, regulators say", 13 July 2006, p. 1.

7% Nucleonics Week, "Olkiluoto-3 delays lower AREVA nuclear profits by Eur 300 million", 5 October 2006, p. 4.
471 Nucleonics Week, "Problems found with Olkiluoto-3 hot legs", 19 October 2006, p. 1.

72 Nucleonics Week, "AREVA puts star engineer in charge of Olkiluoto-3 project”, 2 November 2006.

473 Nucleonics Week, "Olkiluoto-3 commercial date slips to late 2010 at earliest", 7 December 2006, p. 1.

** Finnish Broadcasting Company TV news, 30 January 2007.

3 Nucleonics Week, "Lack of complete design blamed for problems with Olkiluoto-3", 17 May 2007, p. 4.

76 Nucleonics Week ,"AREVA: Plane crash requirements to delay Olkiluoto-3 construction”, 16 August, 2007, p.1.
7 Nucleonics Week, "Regulator requires repairs to welds on Olkiluoto-3 containment liner",

20 September 2007, p.1.
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Date Event

6/08 | TVO site manager replaced*”?

10/08 | Delay now estimated at 3 years*80 Manufacturer of containment liner failed to obey an order
to stop welding after a STUK-TVO inspection discovered that an incorrect welding
procedure was being used.*81 AREVA initiates arbitration proceedings in Arbitration
Institute of the Stockholm Chamber of Commerce over ‘a technical issue’482

12/08 | AREVA announces further loss provisions. Independent estimates €1.3bn*83

12/08 | Letter from STUK Director General top CEO AREVA: ‘I cannot see real progress being
made in the design of the control and protection systems.” ‘This would mean that the
construction will come to a halt and it is not possible to start commissioning tests.” “The
attitude or lack of professional knowledge of some persons who speak in the expert meetings
on behalf of that organization prevent to make progress in resolving the concerns.’484

1/09 | Delay acknowledged being 3.5 years.*85 Siemens announces withdrawal from
AREVA NP.#86 AREVA-Siemens file a second arbitration proceeding against TVO.487
AREVA asking for €1bn in compensation. TVO counterclaiming for €2.4bn for ‘gross
negligence’#8 TVO expects arbitration to take several years*8?

3/09 | AREVA admits cost over-run now €1.7bn490

5/09 | STUK orders AREVA to stop welding of primary coolant pipes of the reactor.

478 Nucleonics Week, "AREVA, TVO at odds over resolution of Olkiluoto-3 cost overruns", 6 September 2007, p. 9.
47 Nucleonics Week, "Second top TVO executive leaving Olkiluoto-3", 26 June 2008, p. 1.

* Nucleonics Week, "Target date for operating Olkiluoto-3 again delayed, this time until 2012", 23 October 2008.
! Nucleonics Week, "STUK finds more problems with Olkiluoto-3 liner, forgings", 13 November 2008, p. 3.

*2 Nucleonics Week, "TVO CEO sees improved workflow, potential for problems at Olkiluoto-3",

20 November 2008, p. 11.

483 Nucleonics Week, "Olkiluoto costs weigh on AREVA 2008 profits; TVO rejects blame", 25 December 2008, p. 9.
4 1 etter from Jukka Laaksonen to Anne Lauvergeon, 9 December 2008.

5 Nucleonics Week, "TVO: Olkiluoto-3 operation delayed to June 2012", 15 January 2009, p. 1.

6 Nucleonics Week, "Siemens' departure seen putting AREVA under financial stress", 29 January 2009, p. 14.

*7 Nucleonics Week, "TVO: Olkiluoto-3 operation delayed to June 2012", 15 January 2009, p. 1.

8 Nucleonics Week, "AREVA reveals 47% cost overrun on contract for Olkiluoto-3", 5 March 2009, p. 1.

* Nucleonics Week, "Olkiluoto-3 arbitration could last 'several years,' TVO says", 19 March 2009, p. 9.

4% Nucleonics Week, "AREVA reveals 47% cost overrun on contract for Olkiluoto-3", 5 March 2009, p. 1.
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