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Introduction

The European Pressurised water Reactor or EPR' was to have been the demonstration of a new
generation of nuclear reactors, so-called Generation 11+, first talked about in the late 1990s. The
difference between ‘IlI+’ and the earlier ‘lII’ designs is that 111+ designs are said to rely more on
‘passive’ rather than ‘engineered’ systems.?

The rationale for the Generation 111+ plants was that they would be an evolution of existing designs
but would be designed from the start with the lessons from the Three Mile Island and Chernobyl
accidents fully incorporated. They would rely more on natural processes rather than engineered
systems for their safety — so-called passive safety. As well as being safer, they would also be more
‘buildable’, cheaper to build and operate, and easier to decommission. In short, they would address
the issues that had led to ordering of earlier designs to a near halt from about 1990 onwards.

The Olkiluoto order, placed in 2003, should have been on-line in 2009 and should have been a
demonstration of the qualities of Generation Ill+ designs in general and the EPR in particular.
However, by 2010, the EPR appeared to be in crisis. The two orders on which significant construction
work had been completed had gone seriously wrong, obtaining safety approval from regulators in
Europe and the USA was proving far more difficult than had been expected, estimated construction
costs had increased by a factor of at least four in the past decade and the EPR had failed to win orders
in bids for tender for nuclear capacity. Relations between the two state-controlled French companies
at the heart of the development of the EPR, Areva, the vendor and Electricité de France (EDF), the
utility appeared at breaking point. EDF was reportedly contemplating designing two new reactors in
competition with those offered by Areva.®

In this report, we examine the roots of the design, existing and potential orders for the reactor,
experience with construction of the EPR, issues arising from the safety assessment of the design, and
economic issues. We examine the report by the Roussely Commission, a report commissioned by the
French government and headed by a former Chief Executive of the French utility, Electricité de
France (EDF), and its implications for the EPR.

The roots of the EPR design

In 1989, Siemens, the main German nuclear vendor and Framatome, the French nuclear vendor
formed a joint venture company, Nuclear Power International (NPI) to design a new Pressurised
Water Reactor (PWR). Siemens and Framatome had both been licensees of Westinghouse for their
PWR technology. Design work was partly funded by German utilities and Electricité de France. This
design would be based on Siemens’ and Framatome's most recent PWR designs, the ‘Konvoi’ design
and the N4 respectively. By 1992, NPI was claiming that the conceptual design of the EPR was nearly
complete,* although the conceptual design was not actually completed until 1994. The EPR would
have a thermal output of 4250MW giving an electrical output of about 1450MW. The containment
was drawn mainly from the N4 design, while instrumentation was expected to be drawn from the
Konvoi. A particular feature of the design was the inclusion of a ‘core catcher’ so that in the event of
a core melt, the core would be retained within the containment. There was some uncertainty about
what type of external hazards would be guarded against, with the French requiring protection only
against a light aircraft, such as a Cessna, while the Germans required a military jet, like a Phantom.

In March 1995, the basic design phase was started with the expectation that EDF would order the first
unit before 2000 and have it in service by 2006. However, there was then already so much nuclear
capacity in France that EDF had more than enough nuclear power capacity to meet base-load. This
meant that ‘series’ ordering, that is ordering at a predictable rate of several units per year, would not
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be needed before 2005.% The French programme had always been premised on an assumption that a
nuclear power programme only made sense if series ordering was expected. The issue of aircraft
protection was not fully resolved but the French containment was approved by both the German and
French regulators. By November 1995, there were concerns, especially amongst EDF officials, about
the cost of the design, then expected to be more than US$2000/kW.° The basic design work was not
completed on time and in August 1997, after further concern about costs, the output of the plant was
increased to 1800MW.’

In September 1999, the head of DSIN (the French safety regulatory body later renamed DGSNR),
Andre-Claude Lacoste, stated he expected to issue an interim safety verdict on the EPR within *a few
weeks to a few months’ with a final design certification, reported to be equivalent to NRC’s design
certification for advanced reactors. ® The output of the reactor had been reduced back down to about
1500MW. However, by 2003, the final certification had not been issued and Andre-Claude Lacoste,
the head of the French regulatory body,, stated the process carried out up till then did not correspond
to US design certification and that to achieve this would take 2-3 years more.’

In August 2000, Framatome and Siemens agreed to a new joint venture formally merging their
nuclear activities into a new company called Framatome ANP, subsequently renamed Areva NP.
Framatome would hold 66 per cent of the stock and Siemens the rest.*

Marketing of the EPR

Continued delays to EDF’s order led Areva NP to switch to Finland as the focus for its marketing. In
May 2002, the Finnish Parliament approved the construction of a fifth nuclear unit in Finland. Three
designs were short-listed from a list of seven for an order to be placed by the Finnish utility,
Teollisuuden Voima Qy (TVO). The Finnish safety regulator, STUK, had already stated that it saw no
difficulties in principle in licensing any of the seven initial candidates.'* The three short-listed
reactors were the EPR, a Russian design and a Boiling Water Reactor design also offered by Areva
NP. TVO was widely reported to be looking for a ‘turnkey’ (fixed price) contract. Westinghouse
chose not to bid overtly on the grounds that a turnkey offer would not be profitable.> However, there
were also claims by Areva that Westinghouse’s AP1000 would not have met the requirements on
aircraft protection because its containment was not strong enough.*® The AP1000 does not have a
core-catcher and the head of STUK, Jukka Laaksonen has stated that on these grounds, the AP1000
would not have been acceptable in Finland.*

In December 2003, TVO signed a turnkey deal with Areva NP for a 1600MW EPR at a cost,
including interest during construction and two fuel charges of €3bn. The Finnish regulator was by
then in close contact with the French regulator, DGSNR, which was expecting that an order for
France would be placed in 2004. STUK expected to complete its review of the design within a year of
the placing of the order.

By December, STUK and DGSNR had agreed to opt for different approaches so that construction in
Finland did not have to wait until demonstrations of safety features that were expected to reduce costs
had been carried out.” In January 2005, STUK approved construction of Olkiluoto 3.*°

In September 2004, DGSNR completed its review of the EPR and in October, the French government
issued design approval for it, claimed to be equivalent to NRC design certification.” In December
2004, Areva NP wrote to the US NRC asking it to begin a review of the EPR design for the US
market.*® It expected completion of the review in 2008.



Approval by the French regulator came just after the opening of a call for tender from China in
October 2004 and with further delays in ordering in France, Areva NP’s marketing efforts switched to
China. China’s decision on the tender was delayed several times and it was not until December 2006
that it was announced that it had been won by Toshiba/Westinghouse’s offer of four AP1000s. One of
the factors behind Areva NP’s failure to win the initial tender was reported to be its reluctance to
transfer the technology as quickly and as fully as the Chinese wanted.™ China wanted quickly to be in
a position to be able to build reactors of the design it chose without any input from the original vendor
and in 2010, it was planning to start placing orders for plants of the AP1000 design without major
involvement from Westinghouse.®® There were reports that Areva NP had failed to match
Westinghouse’s offer to ‘sell the Chinese the blueprints.”®* However, reportedly in the interests of
relations with France, China subsequently ordered two EPRs in November 2007 for the Taishan site
in a deal reportedly worth €8bn. It is not clear what the terms of the contract were or what it covered
so it is difficult to compare this deal with others. EDF took a 30 per cent stake in the company,
Guangdong Nuclear Power Company (GNPC), building the reactors.

In the meantime, EDF finally ordered its first EPR to be built at its Flamanville site in 2005. At that
time, EDF expected the reactor to cost €3.3bn, although the reactor would produce 1700MW, 100MW
more than the Olkiluoto order. Construction of the reactor (first structural concrete) did not start until
December 2007 and it was expected to take five years to build, a year more than Olkiluoto. Unlike
Olkiluoto where Areva NP carried out the architect engineering, EDF itself carried out the architect
engineering, as it has done with the 58 previous reactors it had bought from Framatome.

The next tender was for South Africa launched in January 2008 calling for 3200-3600MW of new
capacity from Areva NP and Toshiba Westinghouse. The tender was in two parts: the first with
specific proposals for the 3200-3600MW of capacity and the second the development of a 20,000MW
nuclear fleet to be in place by 2025.. The first part of the bid would require either two EPRs of
1600MW or three AP1000s each about 1200MW.?* It was reported that the bids were in the order
US$6000/kW?® and in November 2008, it was reported that Areva had won the contest, although the
scale of 20,000MW programme was to be scaled back.?* However, in December 2008, Eskom
cancelled the tender citing “the magnitude of the investment.”®

In February 2009, Areva NP bid for two reactors to be constructed in Ontario.?® Other bidders were
Toshiba-Westinghouse (AP1000) and the Canadian vendor, AECL offering a new Candu design.?’
The commissioning body was Infrastructure Ontario a state-owned agency. In June 2009, the Ontario
government suspended the tender citing concerns about pricing. It was reported that Areva NP’s bid
for one EPR was US$21bn. This was denied by Areva NP but they did not reveal the actual figure.”®

In February 2009, the United Arab Emirates (UAE) began the assessment of bids for 5000MW of new
nuclear capacity. In addition to a bid from Areva NP for three EPRs, it was reported that there were
bids from General Electric-Hitachi and Toshiba/Westinghouse.*® The EPR bid initially involved
Areva NP, GDF Suez, Bechtel and Total. Subsequently, at the request of the French government, EDF
was persuaded to join the EPR bid. In July, three bids were selected for assessment including a bid
from GE-Hitachi for a boiling water reactor (BWR) and one from a Korean group offering its
Pressurised Water Reactor (PWR), the APR-1400.%* In December 2009, it was announced that the
tender had been awarded to the Korean consortium for four APR-1400 units at a price of US$20bn.
According to Korean media reports, the Korean bid was almost 30 per cent lower per kW than the
EPR bid, while the GE Hitachi offer was said to be higher than the French bid. The failure to win this
bid led to much criticism of the French nuclear industry, in particular the lack of unity in the French
bid. EDF, which has acted as architect engineer for all the PWRs built in France, had been unwilling
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to act as architect engineer for foreign bids and had only been persuaded by the French government in
December to lead the bid as the UAE utility, ENEC, had requested.*

USA

The USA is potentially the largest nuclear market (along with China) in the world and Areva and EDF
have made a major financial commitment to open up this market. EPR is one of five designs being
assessed by the US safety authorities, the Nuclear Regulatory Commission (NRC), and is a candidate
for Federal subsidies including Federal loan guarantees. Subsidies for new nuclear reactors were first
mooted in 2002, when President Bush launched an initiative aimed at re-starting commercial ordering
for nuclear reactors using the Generation 111+ design in the USA, the Nuclear Power 2010
programme: no reactor order, not subsequently cancelled, had been placed since 1974 in the USA.
The Bush government believed that nuclear technology was competitive and that a handful of
subsidised demonstration plants were needed to show that the new designs had overcome the
problems of earlier designs.*> The publicity for the programme claimed: ‘New Generation 111+
designs ... have the advantage of combining technology familiar to operators of current plants with
vastly improved safety features and significant simplification is expected to result in lower and more
predictable construction and operating costs.”*

This programme has evolved considerably since it was first announced and although nominally
Nuclear Power 2010 is due to end at the end of fiscal year 2010, the effort by the Federal government
to re-start nuclear reactor ordering will almost certainly continue. Nuclear Power 2010 originally had
the goal of having new reactors online by 2010. Time-scales have slipped substantially — the first unit
is unlikely to be on-line before about 2018 if there are no more delays.

The programme was to take advantage of new licensing procedures, already passed into law in the
1992 Energy Policy Act, so that a combined Construction and Operating License (COL) license
would replace the existing procedure of separate construction and operating licenses. The proposed
Energy Policy Act of 2003 (EPACT 2003) offered the prospect of Federal loan guarantees for new
reactors covering up to 50 per cent of the cost of the projects. When the Congressional Budget Office
(CBO)* looked at the cost implications of this bill, it assumed that loan guarantees would be offered
for six reactors. The CBO assumed that the reactors would be of 1100MW, each costing US$2.5bn
(US$2300/kW) and that they would be financed by 50 per cent debt and 50 per cent equity. This
meant that the guarantees required would be worth about US$7.5bn. It asserted the risk of default
would be “‘well above 50 percent’ but that over the plant’s expected operating lifetime, its creditors
(which could be the federal government) could expect to recover a significant portion of the plant’s
construction loan so the net cost to taxpayers would be about 25 per cent of the sum guaranteed.

EPACT 2003 was not passed, but a successor bill, the Energy Policy Act of 2005 (EPACT 2005) was
passed and contained much more generous levels of support for new nuclear reactors. EPACT 2005
included provisions to cover cost overruns due to regulatory delays,® and a production tax credit of
1.8 cents per kilowatt-hour for the first 6,000 megawatt-hours from new nuclear reactors for the first
eight years of their operation, subject to a $125 million annual limit.*

However, the biggest incentive was the provision of loan guarantees under Title XVII of that bill.
While the loan guarantees would only be available for technologies that were not ‘commercial’, the
number of units that would be eligible was not precisely specified. The US Department of Energy
stated: ‘DOE has defined “commercial technologies,” which are not eligible for loan guarantees under
this program, as “in general use if it has been installed in and is being used in three or more
commercial projects in the United States in the same general application as in the proposed project,



and has been in operation in each such commercial project for a period of at least five years.” Given
that new reactors will take at least five to ten years to build, a large amount of loan guarantees for the
same design could be offered before the design is considered “commercial”.¥’

The potential scale of the loan guarantees programme has escalated dramatically since 2003. Let us
assume that these were now available for only three units of each of the five designs being assessed
by the US NRC and for up to 80 per cent of the total cost. Since the CBO made its estimate in 2003,
the estimated cost of new reactors has increased to at least US$6000/kW and their average size has
increased to 1200-1600MW making the cost (without finance costs) of an EPR nearly US$10bn.
Under these assumptions the programme would be able to provide loan guarantees worth more than
US$100bn. In July 2008, the US DOE announced it was ready to accept applications for loan
guarantees, but Congress authorized only up to US$18.5bn.*® Congress believed this might be
sufficient to cover four projects (seven to eight reactors), but using more realistic cost assumptions,
this seemed likely to be able to only allow three or four reactors at most. The Obama Administration
asked for an additional US$36bn in loan guarantees in February 2010 , but the appropriations process
was held up by election-year politics, so by November 2010, it was not clear how much the additional
funds would be. There is also the issue of the fee that should be charged to borrowers for the loan
guarantees. This should be an economic fee, in other words, one that reflects the risk involved. . The
fees are assessed by the federal Office of Management and Budget and are supposed to reflect the risk
of default for that project. As has become clear with the Calvert Cliffs project, discussed below, if the
risk of a loan is assessed to be high, the fee could be more than the developers are prepared to pay.

The subsidies on offer under EPACT 2005 did stimulate utilities to announce plans for more than 30
new reactors, seven of which were for EPRs. However, a significant proportion of these never got
beyond the early planning stage and by June 2010, only 27 had made applications to the NRC for
COLs. Four of these were for EPRs (see Table 1) including two to be built by UniStar, a 50-50 joint
venture created in 2005 between EDF and the US utility, Constellation. UniStar is a partner in the
other two projects with PPL for the Bell Bend project and with Ameren UE for the Callaway reactor.
By June 2010, of these 27 reactors, one application had been withdrawn and the owners of four
others, two of which were for EPRs, had asked for the process to be suspended. Of the remaining 22,
two were EPRs and the developer of one of these, PPL, stated that it was still ‘several years from a
final decision on whether to build Bell Bend.”* The future of the EPR therefore seemed highly
dependent on the one EPR project still being actively pursued, the UniStar Calvert Cliffs project.

Table 1 EPR’s proposed in USA

Plant Owner COL application Loan Guarantee
Calvert Cliffs 3 UniStar COL 3/08 Shortlist
Callaway 2 AmerenUE Suspended 4/09 Applied

Nine Mile Pt 3 UniStar Suspended 1/09 Applied

Bell Bend PPL COL 10/08 Applied

Source: Author’s research

The presence of EDF in the UniStar joint venture, with its vast experience of building and operating
PWRs supplied by Areva — 58 units in service in France — was seen as a major advantage.
Constellation owns about 3.9GW of existing nuclear power plants at three sites (Calvert Cliffs, Nine
Mile Point and Ginna).* In September 2008, EDF tried to take over Constellation but were outbid by
MidAmerican Energy Holdings, a private company controlled by Warren Buffet. It was reported that
the rival bid for Constellation could derail EDF’s nuclear ambitions in the USA if MidAmerican did
not support new nuclear build. In December 2008, EDF announced an agreement with Constellation



to take a 49.99% holding in Constellation’s nuclear subsidiary, Constellation Energy Nuclear Group.
The deal was done through the EDF subsidiary, EDF Development Inc, and cost US$4.5bn.* Mid
American Holdings amicably withdrew its offer. The UniStar joint venture remains separate from this
deal.

Whether the purchase of the stake in Constellation’s nuclear assets made any sense without the new
build reactors is far from clear. However, it is apparent that EDF regards it as part of its bid to build
new reactors and expand the scope of its operations into plant design and construction. Nucleonics
Week reported: “EDF Chairman/CEO Pierre Gadonneix defended the decision to buy what some in
France are calling ‘old” US nuclear plants as a ticket to what will be ‘the world's largest nuclear
market tomorrow’.”** In summer 2009, Gadonneix was replaced by Henri Proglio, who has been
reportedly much less enthusiastic about EDF’s nuclear expansion outside France.

The Calvert Cliffs reactor was forecast to cost US$7.2bn in 2008.** UniStar ordered forgings and
other long lead-time reactor components for Calvert Cliffs in 2006 and 2007. A partial construction
and operating license application (COLA), mainly the environmental report, was submitted in July
2007 and was docketed by the NRC in January 2008. The remainder of the COLA was submitted in
March 2008 and was docketed on June 4, 2008. As of November 2010, there was no schedule for
issue of the COL because of the problems with certifying the design.** Part 1 of the application for
federal loan guarantees was submitted in September 2008 and Part 2 in December 2008. In 2009, the
US Department of Energy short-listed four projects for loan guarantees, including Calvert Cliffs. The
first loan guarantee was offered to another project in February 2010 and an offer to Calvert Cliffs was
widely expected to follow soon after. However, by August 2010, no commitment had been made and
Constellation began to cut back drastically on expenditure on the Calvert Cliffs project. How far this
was due to the delays in granting loan guarantees and how far it was due to deterioration in the
economics of the new reactor is not clear.

The CEO of Constellation stated: ‘market signals to build a baseload plant of any kind, let alone
nuclear, have suffered significantly since we started the project four years ago.” He said Constellation
will abandon the project if it does not receive a conditional loan guarantee for the project. The poor
market signals included low natural gas prices and the short- and long-term power price outlooks.*®
EDF, in its report for the first half of 2010 published in July 2010, made a provision of €1.06bn (about
US$1.45bn) related to financing delays on nuclear projects in the United States.*®

By September, signs of strain between EDF and Constellation were clear. A particular issue was that
under the terms of the purchase of the stake in Constellation’s nuclear assets, Constellation could
require EDF to US$2bn worth of Constellation’s natural gas, coal and hydropower plants by end
2010.*" There was speculation in September 2010 that these problems could lead to EDF selling its
stake in the nuclear assets and dissolving the UniStar joint venture.®® In October 2010, Constellation
unilaterally withdrew from negotiations with the US Department of Energy for loan guarantees for the
Calvert Cliffs project. It was reported that the fee to provide loan guarantees for 80 per cent of the
forecast cost of the plant (US$9.6bn) was initially proposed at US$880m, or 11.6 per cent of the
amount borrowed.*® When Constellation rejected that offer, DOE proposed a 5 per cent fee, but with
conditions including that Constellation fully guarantee construction and commit to sell 75 per cent of
the power through a Purchase Power Agreement (PPA), presumably through its subsidiary Baltimore
Gas & Electric. The Maryland Public Service Commission (PSC) would have had to approve a PPA.

Subsequently Constellation sold its 50 per cent stake in UniStar to EDF for US$140m. In addition,
Constellation transferred to UniStar potential new nuclear sites at Nine Mile Point and R.E. Ginna in



New York as well as Calvert Cliffs. The agreement requires EDF to transfer 3.5 million of the shares
it owns in Constellation and to give up its seat on Constellation's board and in exchange, Constellation
gave up the option to require EDF to buy Constellation’s fossil fuel capacity.®

EDF was reported to be keen to proceed with the Calvert Cliffs project but US law does not allow US
nuclear reactors to be owned, controlled or dominated by foreign companies or governments, so EDF
would need to find a new partner to proceed. It is not clear whether loan guarantees could be offered
to UniStar in advance of a new US partner being agreed and whether the fee would be the same.

While the political wrangling about how much Congress will be prepared to allow the US DOE to
offer in loan guarantees, the deteriorating prospective economics for new nuclear reactors and the
economic risk they pose to their owners may mean that relatively few loan guarantees are granted.
The projects most likely to go ahead are those with the “belt and braces’ of Federal loan guarantees
and a state regulatory body that commits to allowing the utility to recover its costs from consumers.
Calvert Cliffs and Bell Bend would be exposed to the PJM electricity market and therefore could
expect no support from the state regulator. If the Calvert Cliffs project does collapse and an existing
project, such as Bell Bend cannot be brought in to replace it, it is hard to see how the EPR could
survive in the USA. This would be a severe blow to EDF and Areva, both of which have invested a
large amount of cash and their credibility in opening up the US market to the EPR.

Future prospects
The EPR is competing in a number of other markets where Areva NP hopes it will be the basis for
series ordering, in particular the UK and Italy.

UK

The UK government’s program is based on very different underlying assumptions than that of the
United States. The UK government did not claim that nuclear power would be directly competitive
with fossil fuels, but if a carbon price of €36/tonne was assumed, it would be competitive. Both the
Labour government up to May 2010 and the successor Conservative/Liberal Democrat coalition seem
heavily committed to reviving nuclear ordering in the United Kingdom. However, all three parties
have stated that orders should only be placed if they do not involve public subsidies. Ordering would
therefore take place without subsidy, provided a few non-financial enabling decisions were taken,
particularly on planning processes and certification of designs. In 2008, when the government
revisited nuclear economics, it assumed the construction cost was £1,250/kW ($2,000/kW).

The government’s nuclear regulator, the Nuclear Installations Inspectorate of the Health and Safety
Executive (HSE), started to examine four separate designs in 2007 including the Areva NP EPR and
the Toshiba/Westinghouse AP1000. The rationale was that up to three designs would be finally
certificated, thus giving utilities a choice of designs. In fact, the other two designs were quickly
withdrawn leaving just the EPR and AP1000.

Three utilities have made significant commitments to UK ordering: EDF, RWE, and E.ON - the latter
two in a consortium called Horizon. EDF took over the UK nuclear generation company, British
Energy, for about €15 billion in 2008, while RWE/E.ON have purchased sites in 2009 adjacent to
existing nuclear power plants for several hundred million Euros. Both EDF and the RWE/E.ON
consortium expect to order 4 units, for a total of 10 to 12 GW of capacity. EDF is expected to order
the EPR, while the RWE/E.ON consortium has yet to choose its supplier.

EDF heavily committed itself to nuclear ordering in the United Kingdom with its purchase in 2009 of
British Energy. The price seemed far above the value of the assets being acquired and only has any
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logic if new nuclear orders are placed. British Energy went bankrupt in 2002 because its operating
costs, then about £16/MWh, were marginally higher than the price it received for electricity. Since
then, operating costs have grown every year and by 2008/09, the operating costs had risen to
£41.3/MWh. British Energy only remained solvent because of the extremely high wholesale
electricity prices that prevailed in that period — British Energy received £47/MWh in that period. If
operating costs continue to rise and/or wholesale electricity prices fall (by the end of 2009, they were
well below the 2008 peak), British Energy will be at risk of collapse again.

The RWE/E.ON consortium had invested a few hundred million pounds in options to buy sites, but if
it did not take up these options, it could walk away from a British nuclear program at little cost. By
the start of 2010, the UK was still 3-4 years from completing safety assessment of the design and
getting planning permission for specific sites — the point when a firm order could be placed.

Italy

In 1987, a referendum led to the closure of the four operating nuclear power plants in Italy and the
abandonment of work on construction of another nuclear station. The Berlusconi government has
introduced legislation that would pave the way for the reintroduction of nuclear power in Italy. Four
1650 MW EPRs could be built, with construction starting as early as 2013, under an agreement signed
in February 2009 by the French utility, EDF, and the largest Italian utility, ENEL. ENEL has not
selected the sites for these units yet. It has said the cost would be about €4-4.5 billion each or $3,600-
4,000/kW." There has been speculation about other competing bids to build nuclear power plants —
for example, a consortium led by A2A, the Milan-based utility offering AP1000s — but these projects
are much less advanced than those of ENEL.

India

It has been reported that a memorandum of understanding (MOU), including the intention to build
two EPRs, would be signed in February 2009 between Areva and the state-owned Nuclear Power
Corporation of India Limited.* Even if this MOU is signed, it is far from being a firm order and many
MOUs come to nothing, for example, if financing cannot be arranged.

Other markets

President Sarkozy has announced that a second EPR in France will be ordered in 2011 for the Penly
site. It is unlikely there will be scope for many further orders for France given that France already has
more baseload electricity capacity than it can readily use and with plans to operate existing reactors
for up to 60 years instead of the earlier expectations of 40 years, it will not be till after 2035 when the
existing reactors begin to be retired. The Penly plant was to be built by EDF, which would have a 50
per cent stake in it, with the other stakes being held by the other major French utility, GDF Suez (25
per cent) and ENEL (the main Italian utility), E.ON (a large German utility and the oil company,
Total, each with 8.33 per cent. However, in September 2010, GDF Suez, which was disappointed not
to have been given the job of building the plant, announced their withdrawal from the project.>* There
were reports that GDF Suez was hoping to lead construction of a reactor at another site, using the
Areva ‘Atmea’ design (see below).*

The Finnish Parliament has voted to allow construction of two additional nuclear reactors by two
different consortia. Both consortia have named the EPR as one of three or four options they might
choose. It is far from certain whether these orders will be placed, and if they are, whether the EPR
will be chosen, especially given the poor performance of the EPR at the Olkiluoto site.
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In July 2010 in the Canadian province of New Brunswick, Areva, the New Brunswick government
and New Brunswick Power announced that they would examine the feasibility of building a light-
water nuclear reactor in the province by 2020. However, in September 2010, the incoming Premier for
the province announced the agreement would go on the back-burner.

Construction experience

While utilities and governments will be interested in the theoretical attractions of new designs, it will
be actual experience of building and operating these new designs that will be crucial in determining
their success. By October 2010, no EPR was yet in service but four were under construction, one in
Finland (Olkiluoto), one in France (Flamanville) and two in China (Taishan).

Olkiluoto

The Olkiluoto-3 reactor order of December 2003 was the first nuclear order in Western Europe and
North America since the 1993 Civaux-2 order in France and the first order outside the Pacific Rim for
a Generation Il1/111+ design. The Finnish electricity industry had been trying to get Parliamentary
approval for a new nuclear unit since 1992. This was finally granted in 2002. The Olkiluoto-3 order
was a huge boost for the nuclear industry in general and Areva NP in particular. Industry anticipated
that, once complete, the plant would provide a demonstration and reference for other prospective
buyers of the EPR.

The contract price for Olkiluoto-3 was reported in 2004 to be €3bn for a 1600 MW reactor.”’
Subsequently, the price was reported to be €3.2bn*® or €3.3bn.* Safety approval was given by the
Finnish regulator, STUK, in March 2005 and substantive work on-site started in August 2005. At the
time the contract was signed, the value was equivalent to about US$3.6-4.0bn (depending on the
contract price) or about $2250-2475/kW (€1=US$1.2). This cost included financing and two reactor
cores, so the cost per kW in overnight terms would have been somewhat lower, although given the
very low rate of interest charged (2.6%), finance costs would be low.

Although the total cost was well above the nuclear industry‘s target of US$1000/kW of only a few
years previously, it was still regarded by many critics as a ‘loss-leader’. Areva NP had been trying to
persuade either EDF or one of the German utilities to place an order for an EPR since the late 1990s%°
and there were fears that if an order for the EPR was not placed soon, AREVA NP would start to lose
key staff®" and the design would become obsolete.®* Areva NP also needed a ‘shop window’ for EPR
technology and Olkiluoto-3 would serve as a reference plant for other orders. As an additional
incentive and at the request of the customer, Areva NP offered the plant on ‘turnkey’ or fixed price
terms. It also took responsibility for the management of the site and for the architect engineering, not
just the supply of the ‘nuclear island’. This was not a role it was accustomed to. For the 58 PWRs
Areva NP’s predecessor, Framatome, had supplied for France, as well as for the foreign projects
including those in China and South-Africa, it was EDF that had provided these services.

The Olkiluoto project has gone seriously wrong since construction started. By August 2010, Areva
NP acknowledged that the estimated cost had reached €5.7bn (an additional 