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Author’s note

Since the following text was finalised in March 2010, there have been a number of new
construction starts and completions of nuclear plants. The table below shows the seven plants on
which construction has started between March 2010 and the end of August 2010. Work has also
restarted on the Angra 3 plant in Brazil on which construction started in 1976 (see Table 3 for
details of the plant). Four units (see Table 2 for more details) have been completed: Rajasthan 6
(India), Lingao 3 and Qinshan 2-3 (China), and Shin Kori 1 (South Korea). The net result of these
changes is that by August 2010, there were 59 reactors under construction of which 37 had
construction starts after 2005. Of these 37, 23 are in China, 6 are in Russia, 5 are in South Korea, 2
are in Japan and 1 is in France. The picture of new orders still being dominated by a few countries

generally using home suppliers and relatively old designs remains.

Table Nuclear capacity with construction starts between March 2010 and August 2010

Country Site Reactor | Vendor | Size

type MW
China Taishan 2 PWR Areva 1700
China Changjiang 1 PWR China 1000
China Haiyang 2 PWR China 1000
China Fangchenggang 1 PWR China 1000
Japan Ohma BWR Toshiba | 1325
Russia Leningrad 2-2 PWR Russia 1080
Russia Rostov 4 PWR Russia 1080

Source: PRIS Data Base, http://www.iaea.org/programmes/a2/index.html
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1. Introduction

The severe challenge posed by the need to reduce emissions of greenhouse gases, especially in the
electricity generation sector, has led to renewed interest in the construction of nuclear power plants.
These would initially replace the aging stock of existing reactors, then meet electricity demand
growth, and eventually replace some of the fossil-fired electricity-generating plants. They would
also be built in new markets that up to now have not used nuclear power. In the longer term, the
promise is that nuclear power could take over some of the energy needs currently being met by
direct use of fossil fuels. For example, nuclear power plants could be used to manufacture

hydrogen, which would replace use of hydrocarbons in road vehicles.

The public is understandably confused about whether nuclear power really is a cheap source of
electricity. Cost estimates for new nuclear plants have been escalating at an alarming rate, and in
the past decade, construction cost-estimates have increased five-fold, with every expectation that
costs will increase further as the designs are firmed up. Yet, in recent years, governments such as
those of the United States, the United Kingdom, Germany, and Italy have become increasingly
determined in their attempts to maintain existing nuclear plants in service and revive nuclear
ordering, on the grounds that nuclear power is the most cost-effective way to combat climate
change. Utilities are determined to operate their existing plants for as long as possible and have
given verbal support to the need for new nuclear power plants, but they are reluctant to build new
nuclear power plants without cost- and market guarantees and subsidies. Some of this apparent
paradox is relatively easily explained by the difference between the running costs only of nuclear
power, which are usually relatively low, and the overall cost of nuclear power — including
repayment of the construction cost — which is substantially higher. Thus, once a nuclear power
plant has been built, it may make economic sense to keep the plant in service even if the overall cost
of generation, including the construction cost, is higher than the alternatives. The cost of building
the plant is a “sunk” cost that cannot be recovered, and the marginal cost of generating an additional
kWh could be small.

The objective of this report is to identify the key economic parameters that determine the cost of
nuclear electricity, commenting on their determining factors. It shows that without subsidies and

guarantees from electricity consumers and taxpayers, new nuclear power plants will not be built.
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2. The world market for nuclear plants: existing orders and prospects

Over the past decade, there has been increasing talk about a “Nuclear Renaissance” based on two
factors. A new generation of nuclear power plants, so-called Generation 111+, would be cheaper and
easier to build, safer, and produce less waste (see Appendix 1 for a description of the Generation
[11+ designs). Ordering would be not only in countries where nuclear ordering had not been
problematic, such as France, India, and South Korea, but also in countries such as the United States,
the United Kingdom, Italy, as well as Germany, which seem to have turned away from nuclear
power. The United States and the United Kingdom are particular targets for the nuclear industry for

a number of reasons:

e The UK and US programmes are closer to placing orders for Generation I11+ designs than
elsewhere in Europe and North America, apart from Finland and France;

e The United Kingdom and United States are seen as pioneers of nuclear power and, therefore,
new orders for nuclear plants in these countries carry additional prestige; and

e Economic experiences with nuclear power in the United Kingdom and the United States
were so bad that, a decade ago, it seemed unlikely that orders would be possible, so reviving

these markets would be a particular coup.

The list of plants currently on order (Tables 2, 3, and 4) suggests that the Renaissance is largely talk
and is geographically limited. In January 2010, there were 55 plants under construction worldwide,
with a capacity of 51 GW compared to 443 plants already in service with a capacity of 375 GW
(Table 1). Of the 32 units on which construction had started after 2005, all except two (one each in
France and Japan) were in China (20), South Korea (6), or Russia (4) (Table 2). All except five of
these units, all for China, were supplied by indigenous suppliers. The Western vendors active in
Europe — Westinghouse and Areva NP — have won just two orders outside China: Areva NP’s
Olkiluoto order for Finland and its Flamanville order for France. These seven orders and the four
units ordered from South Korea by the United Arab Emirates (UAE) in December 2009 are the only
ones for Generation I11/111+ designs.

So without China, the order book for new nuclear power stations would look much weaker. Most
of its orders are being supplied by Chinese companies and are based on the French design it ordered
in 1980 for its Daya Bay site. It remains to be seen whether China has the human and financial
resources to continue to finance orders at the rate it had in 2008 and 2009, when work on 15 new
units was started. The most likely outcome for China, given the need for China to use its limited
capital resources carefully, is that it will continue to place a small number of nuclear orders on the

international market — much fewer than forecast by the Chinese government or by the nuclear
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industry — while trying to build up its capability through its own nuclear power plant supply

industry. The designs it is supplying now are too old to be relevant to the West.

Russia, like China, has had very ambitious plans to expand nuclear power. In 2008, it had plans to

commission 26 new nuclear units (about 30 GW) by 2025, but by 2009, this target had already

slipped to 2030.* Four units dating back to the 1980s are listed as still being under construction and

nearly complete, but this has been the situation for a decade or more (see Table 3). If the need for

new nuclear capacity was urgent and the financial resources were available, these units would

surely have been completed by now. Reliable information from Russia on the status of construction

at nuclear plants is difficult to get and these plants may not currently be under construction. A

particular doubt is the Kursk 5 plant, which uses the same technology as the Chernobyl plant and

which would be very controversial if brought on-line.

Table 1. Nuclear capacity in operation and under construction: January 2010
Operating: Construction: | %elec | Technologies® Suppliers
Cap MW (no. | Cap MW (no. | nuclear
units) units) (2008)
Argentina 935 (2) 692 (1) 6 HWR Siemens AECL
Armenia 376 (1) - 39 WWER Russia
Belgium 5863 (7) - 54 PWR Framatome
Brazil 1766 (2) - 3 PWR Westinghouse Siemens
Bulgaria 1966 (2) 1906 (2) 33 WWER Russia
Canada 12577 (18) - 15 HWR AECL
China 8438 (11) 19920 (20) 2 PWR, HWR, WWER | Framatome, AECL, China, Russia
Taiwan 4949 (6) 2600 (2) 20 PWR, BWR GE, Framatome
Czech Rep | 3678 (6) - 32 WWER Russia
Finland 2696 (4) 1600 (1) 30 WWER, BWR, PWR | Russia, Asea, Westinghouse
France 63260 (59) 1700 (1) 76 PWR Framatome
Germany 20470 (17) - 28 PWR, BWR Siemens
Hungary 1755 (4) - 37 WWER Russia
India 3984 (18) 2708 (5) 2 HWR, FBR, WWER | AECL, India, Russia

1 Nucleonics Week, “Russia Stretches Out Schedule for New Reactor Construction,” March 26, 2009.

2 See Appendix 1 for an overview of the technologies.
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Iran - 915 (1) WWER Russia

Japan 46823 (53) 1325 (1) 25 BWR, PWR Hitachi, Toshiba, Mitsubishi
S Korea 17647 (20) 6520 (6) 36 PWR, HWR Westinghouse, AECL, S Korea,
Mexico 1300 (2) - 4 BWR GE

Netherlands | 482 (1) - 4 PWR Siemens

Pakistan 425 (2) 300 (1) 2 HWR, PWR Canada, China

Romania 1300 (2) 18 HWR AECL

Russia 21743 (31) 6894 (9) 17 WWER, RBMK Russia

Slovak Rep | 1711 (4) 810 (2) 56 WWER Russia

Slovenia 666 (1) - 42 PWR Westinghouse

S Africa 1800 (2) - 5 PWR Framatome

Spain 7450 (8) - 18 PWR, BWR Westinghouse, GE Siemens
Sweden 8958 (10) - 42 PWR, BWR Westinghouse, Asea
Switzerland | 3238 (5) - 39 PWR, BWR Westinghouse, GE Siemens
Ukraine 13107 (15) 1900 (2) 47 WWER Russia

UK 10097 (19) - 13 GCR, PWR UK, Westinghouse

USA 100683 (104) | 1165 (1) 20 PWR, BWR Westinghouse, B&W, CE, GE
WORLD 375136 (443) | 50955 (55)

Source: IAEA, http://www.iaea.or.at/programmes/a2/

India ordered a small number of plants from Western suppliers in the 1960s and 1970s, but a
nuclear weapons test in 1975 using material produced in a Canadian research reactor led to the
cutting of all contact with Western suppliers. India has continued to build plants using the 1960s
Canadian design it had ordered. These have a poor record of reliability and frequently take much
longer to build than forecast, so the completion dates in Table 2 should be treated with scepticism.
The United States also broke off cooperation in 1998 after further weapons tests but in 2005, India
and the United States negotiated a deal over technological cooperation in civil nuclear power.
Canada also resumed sales of nuclear material in 2005. Since then Rosatom of Russia (up to 4
WWER-1200 units), Westinghouse (up to 8 AP1000s), Areva (up to 6 EPRs) and GE-Hitachi (up to
8 ABWRs) have all claimed they have agreements to supply nuclear plants there, but none of these
have been turned into firm orders. India’s own nuclear industry expects to build a large number of
new plants using a variety of technologies, including fast reactors, heavy-water reactors, and
thorium-fueled plants. The Indian government has set a target of 63,000 MW of new nuclear
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capacity to be in service by 2032. It would be astonishing, considering its past record, if India even

got close to meeting this target.

Table 2. Nuclear power plants under construction worldwide ordered from 1999 onwards
Country Site Reacto | Vendor | Size Construction | Construction | Expected
r type MW start stage (%) operation

China Fangjiashan 1 PWR China 1000 2008 0 -
China Fangjiashan 2 PWR China 1000 2009 0 -
China Fuging 1 PWR China 1000 2008 0 -
China Fuging 2 PWR China 1000 2009 0 -
China Haiyang 1 PWR China 1000 2009 0 -
China Hongyanhe 1 PWR China 1000 2007 20 -
China Hongyanhe 2 PWR China 1000 2008 0 -
China Hongyanhe 3 PWR China 1000 2009 0 -
China Hongyanhe 4 PWR China 1000 2009 0 -
China Lingao 3 PWR China 1000 2005 60 2010
China Lingao 4 PWR China 1000 2006 50 2010
China Ningde 1 PWR China 1000 2008 10 -
China Ningde 2 PWR China 1000 2008 5 -
China Ningde 3 PWR China 1000 2010 5 -
China Qinshan 2-3 PWR China 610 2006 50 2010
China Qinshan 2-4 PWR China 610 2007 50 2011
China Sanmen 1 PWR W’house | 1000 2009 10 -
China Sanmen 2 PWR W’house | 1000 2009 10 -
China Taishan 1 PWR Areva 1700 2009 0 -
China Yangjiang 1 PWR W’house | 1000 2009 10 -
China Yangjiang 2 PWR W’house | 1000 2009 0 -
Taiwan Lungmen 1 ABWR | GE 1300 1999 57 2011
Taiwan Lungmen 2 ABWR | GE 1300 1999 57 2012
Finland Olkiluoto 3 EPR Areva 1600 2005 40 2012
France Flamanville 3 EPR Areva 1700 2007 25 2012
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India Kaiga 4 Candu | India 202 2002 97 2010
India Kudankulam 1 WWER | Russia 917 2002 90 2011
India Kudankulam 2 WWER | Russia 917 2002 79 2011
India PFBR FBR India 470 2005 37 -
India Rajasthan 6 Candu | India 202 2003 92 2010
Japan Shimane 3 BWR Toshiba | 1325 2007 57 2011
S Korea Shin Kori 1 PWR S Korea | 960 2006 77 2010
S Korea Shin Kori 2 PWR S Korea | 960 2007 77 2011
S Korea Shin Kori 3 PWR S Korea | 1340 2008 29 2013
S Korea Shin Kori 4 PWR S Korea | 1340 2009 29 2014
S Korea Shin Wolsong 1 PWR S Korea | 960 2007 49 2011
S Korea Shin Wolsong 2 PWR S Korea | 960 2008 49 2012
Pakistan | Chasnupp 2 PWR China 300 2005 25 2011
Russia Beloyarsky 4 FBR Russia 750 2006 12 -
Russia Leningrad 2-1 WWER | Russia 1085 2008 0 -
Russia Novovoronezh 2-1 | WWER | Russia 1085 2008 5 -
Russia Novovoronezh 2-2 | WWER | Russia 1085 2009 0 -
TOTAL 40778

Sources: PRIS Data Base, http://www.iaea.org/programmes/a2/index.html; Nuclear News, world list of nuclear plants

Note: Includes only units larger than 100 MW. Construction stage is as reported by Nuclear News in March 2009

South Korea has continued to order nuclear plants throughout the past two decades — five in the past
four years — and it already gets 36% of its electricity from nuclear plants (see Table 2). The six
units under construction may increase this to 50%, leaving little scope for many more orders for the
home market. This may account for the decision to move into export markets and winning four

orders from the United Arab Emirates at a low reported price.

Japan is another country that has consistently forecast large increases in nuclear capacity not
matched by actual orders. Japanese companies supply these plants using technology licensed from
Westinghouse and GE. It may take up to 20 years to get approval to build at sites in Japan,
although once construction starts, completion is usually quick (four years typically) and does not
usually go beyond schedule. A series of accidents at plants in Japan, often badly mishandled, have

led to an increase in public concern about nuclear power, and finding sites for further plants is likely

11
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to be difficult. Only one plant was under construction at the start of 2010 (see Table 2) and it seems

likely that no more than a trickle of orders will be placed for Japan.

Table 3 shows that there are 17 uncompleted units on which construction started before 1990 that

might still be brought on-line, but on which work is not necessarily being actively done. For these,

the quoted degree of completion may be misleading. Plants reported to be less than 33% complete

are likely to have seen only site preparation with no actual reactor construction. In addition, the
completion times for units under construction in Taiwan — ordered in 1996 when completion was

expected in 2004 — have slipped by eight years. The Watts Bar reactor in Tennessee (USA) is a

particularly interesting example. Construction of it and its twin were started in 1973 but work was

continually delayed. Unit 1 was finally completed in 1996 at a cost of more than $6 billion,? but

work on unit 2 was effectively halted in 1985 when construction was reported to be 90% complete.*

Work restarted on the plant in 2007, when it was expected the plant would be complete by 2013 for

$2.5 billion.
Table 3. Nuclear power plants on which construction started before 1990

Country Site Tech Vendor | Size MW | Construction | Construction | Expected
net start % operation

Argentina | Atucha 2 HWR Siemens | 692 1981 87 2010

Brazil Angra 3* PWR Siemens | 1275 1976 10

Bulgaria | Belene 1* WWER | Russia 953 1987 0

Bulgaria | Belene 2* WWER | Russia 953 1987 0

Iran Bushehr WWER | Russia 915 1975 99 2010

Romania | Cernavoda3* | Candu | AECL 655 1983 23

Romania | Cernavoda4* | Candu | AECL 655 1983 12

Romania | Cernavoda5* | Candu | AECL 655 1983 8

Russia Balakovo 5* WWER | Russia 950 1986 High

Russia Kalinin 4 WWER | Russia 950 1986 High

Russia Kursk 5* RBMK | Russia 925 1985 High

Russia Volgodonsk 2 | WWER | Russia 950 1983 High 2010

Slovakia | Mochovce 3 WWER | Russia 405 1983 40

Slovakia | Mochovce 4 WWER | Russia 405 1983 30

3 Chattanooga Times, “Tennessee: Estimates Rise for Nuclear Plant,” section A1, December 12, 2008.

4 http://www.tva.gov/environment/reports/wattsbar2/seis.pdf.
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Ukraine Khmelnitsky 3 | WWER | Russia 950 1986 30 2015
Ukraine Khmelnitsky 4 | WWER | Russia 950 1987 15 2016
USA Watts Bar 2 PWR W’house | 1165 1972 70 2012
TOTAL 14403

Sources: PRIS Data Base, http://www.iaea.org/programmes/a2/index.html; Nuclear News, world list of nuclear plants
Notes

1. Construction work has stopped on reactors marked *

Table 4. Nuclear power plant orders on which construction had not started by Jan 1 2010
Country Site Tech Vendor | Size Order
MW net | date
China Taishan 2 EPR Areva 1700 2008
UAE Unknown AP-1400 | S Korea | 4x 1400 | 2009

Source: Various press reports

In 2009, the Tennessee Valley Authority, the utility that owns Watts Bar, also began to investigate
the possibility of restarting construction of two units at its Bellefonte site in Alabama (USA).
Construction on this two-unit site started in 1974, and when work was halted in the mid-1980s,’
work was estimated to be more than 90% complete on unit 1 and about 60% complete on unit 2.
Completing work on designs such as those at Bellefonte and Watts Bar that are now about 40 years
old raises particular issues, given that it is highly unlikely these designs would be licensable if they
were submitted to the safety authorities now.

3. Key determinants of nuclear economics

There are several important determinants of the cost of electricity generated by a nuclear power
plant (see Table 5). Some of these are intuitively clear while others are less obvious. Areva NP, the
French vendor of nuclear power plants, estimates® that 70% of the cost of a kWh of nuclear
electricity is accounted for by the “fixed” costs from the construction process, 20% by “fixed”
operating costs, and the other 10% by “variable” operating costs. The main fixed construction costs
are the costs of paying interest on the loans and repaying the capital, but the decommissioning cost

5 http://web.knoxnews.com/pdf/082708bellefonte-reinstatement.pdf.

6 http://www.areva.com/servlet/BlobProvider?blobcol=urluploadedfile&blobheader=
application%252Fpdf&blobkey=id&blobtable=Downloads&blobwhere=1246874807296&filename=Overview_June_2
009%252CO0.pdf.

13
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is also included. The cost per kWh is also determined by the reliability of the plant: The more
reliable it is, the more units of output it will produce, over which amount the fixed costs can be

spread. The main running costs are the costs of operation, maintenance, and repair rather than fuel.

Table 5. Nuclear economics — cost elements (based on Areva NP)
Share Description
70% Fixed costs for construction: interest on loans/repaying capital
20% Fixed operations (cost/kWh): depends on reliability of plant (e.g., load factor)
10% Variable operations: operation, maintenance, repair, fuel
Not included | Decommissioning, waste disposal and management, risk of meltdown, environmental and human harm

Prior to looking at these costs in detail, it is important to note that there is a significant mismatch
between the interests of commercial concerns and society in general. Huge costs that will only be
incurred far in the future have little weight in commercial decisions because such costs are
“discounted” (see Appendix 3). This means that waste disposal costs and decommissioning costs,
which are at present no more than ill-supported guesses, are of little interest to commercial
companies. From a moral point of view, the current generation should be extremely wary of
leaving such an uncertain, expensive, and potentially dangerous legacy to a future generation to deal
with when there are no ways of reliably ensuring that the current generation can bequeath the funds
to deal with them, much less bear the physical risk. Similarly, the accident risk also plays no part in
decision-making because the companies are absolved of this risk by international treaties that shift

the risk to taxpayers.

3.1. Construction cost and time

Construction cost is the most widely debated parameter, although other parameters, such as the cost
of capital and the reliability of the plant, are of comparable importance to the overall cost of each
kWh of electricity. To allow costs to be compared, utilities generally quote the “overnight” cost,
which, as well as the cost of the plant, includes the cost of the first charge of fuel but not the interest
incurred on borrowings during the construction of the plant, usually known as interest during
construction (IDC). To allow comparisons between reactors with different output capacities, costs
are often quoted as a cost per installed kW. Thus, a nuclear power plant costing $2,400 million
with an output rating of 1200 MW would have a cost of $2,000/kW. There are a number of factors

that explain why there is such controversy about forecasts of construction cost.
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3.1.1 Unreliability of data

Many of the quoted construction cost forecasts should be treated with scepticism. The most reliable
indicator of future costs has generally been past costs.” However, most utilities are not required to
publish properly audited construction costs and have little incentive to present their performance in
anything other than a good light. However, US utilities were required to publish reliable accounts
of the construction costs of their nuclear plants for the economic regulator (who only allowed cost
recovery from consumers for properly audited costs) and past US costs are reliable. The cost of the
Sizewell B (UK) plant is also reasonably well-documented because it had few other activities in
which the construction cost could be “disguised.”

The next best option is the price quoted in calls for tenders. While the actual cost of a nuclear plant
is generally higher (often significantly) than the contract price, the vendor should at least have to
fully price the order. If the order is a genuine “turnkey” order — that is, a fixed price order in which
the customer pays only the contract price no matter what the actual costs are — the vendor has a

particular incentive to make the bid price as accurate as possible.

Turnkey terms are only possible where the vendor is confident that they can control all aspects of
the total construction cost. The current generation of gas-fired power plants, combined cycle gas
turbine (CCGT) plants, are often sold under turnkey terms because they are largely built in factories
controlled by the vendor and require relatively little on-site work. In the mid-1960s, the four major
US nuclear vendors sold a total of 12 plants under turnkey terms, but lost massive amounts of
money because of their inability to control costs. Since then, it is unlikely that any vendor has
risked offering a complete plant on turnkey terms. Note that individual items of equipment may be
purchased on turnkey terms, but any price for a nuclear plant quoted as being on turnkey terms
should be regarded with considerable skepticism. The Olkiluoto order is usually described as
“turnkey,” with Areva being responsible for management of the construction. However, as is
described in Section 4.1., Areva was in dispute with the customer, Teollisuuden Voima Oyj (TVO),
over the terms of the contract and specifically which party pays for cost-overruns. Note, some
vendors use the term “turnkey” rather loosely and they sometimes mean no more than that the

contract covers the whole plant.

Indicative prices quoted by vendors must however be treated with skepticism. GE-Hitachi (GEH),
has acknowledged that vendors have not been careful enough in giving indicative prices and the

overoptimistic prices quoted have become counterproductive. The GEH president and CEO, Jack

7 Estimates of future costs have almost invariably been overoptimistic, based on faulty expectations about learning,
scale, and innovation effects that have not been reflected in costs.
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Fuller, said: “When reactor construction projects cost much more than projected, that undermines

the public’s confidence in the industry.”®

Prices quoted by those with a vested interest in the technology but no influence over prices —
including industry bodies such as the World Nuclear Association and equivalent national bodies —
clearly must be viewed with skepticism. Prices quoted by international agencies, such as the
Nuclear Energy Agency, also must be treated with care, particularly when they are based on
indicative rather than real costs. Generally, these costs are provided by national governments,
which may have their own reasons to show nuclear power in a good light, and which generally do
not base their figures on actual experience.

Forecasts of construction costs have been notoriously inaccurate, frequently being a serious
underestimation of actual costs and, counter to experience with most technologies — where so-called
learning, scale economies, and technical progress have resulted in reductions in the real cost of
successive generations of technology — real construction costs have not fallen and have tended to
increase through time. There is also some inevitable variability from country to country as a result

of local labour costs and the cost of raw materials such as steel and concrete.

3.1.2. Difficulties of forecasting

There are a number of factors that make forecasting construction costs difficult. First, all nuclear
power plants currently on offer require a large amount of on-site engineering, the cost of which
might account for about 60% of the total construction cost, with the major equipment items — such
as the turbine generators, the steam generators, and the reactor vessel — accounting for a relatively
small proportion of total cost.” Large projects involving significant amounts of on-site engineering
are notoriously difficult to manage and to control costs on. For example, in the United Kingdom,
the costs of the Channel Tunnel and the Thames Barrier were well above forecast costs. Some
Generation IV designs are expected to be largely factory-built and costs are expected to be much
easier to control in a factory.

Second, there are also site-specific factors that might make a significant difference to costs, for
example the method of cooling. GEH CEO Fuller said that the problem with such [generic]
estimates was that no one made clear “what the number represented [...] Did it include fuel? Was
the plant on saltwater or freshwater?” Danny Roderick, GEH senior vice president, nuclear plant

8 Nucleonics Week, “GEH: Cost Estimates Did Industry a ‘Disservice,”” September 17, 20009.

9 As a result of the difficulty of controlling construction costs, the World Bank does not to lend money for nuclear
projects. See Environmental Assessment Sourcebook: Guidelines for Environmental Assessment of Energy and Industry
Projects, Volume 111, World Bank Technical Paper 154 (Washington, DC: World Bank, 1991).
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projects, said: “GEH had seen plant costs change by $1 billion depending on whether the plant is

cooled by saltwater or freshwater.”*

Third, costs increase if design changes are necessary, for example if the original detailed design
turns out to be poor, or the safety regulator requires changes in the design, or the design was not
fully worked out before construction started. In response to these problems, plant constructors now
aim to get full regulatory approval before construction starts, as with the proposed US combined
Construction and Operation Licenses (COL), and they require designs to be as fully worked out as
reasonably possible before construction starts. In practice, vendors often claim their designs are
complete, as was the case with the Olkiluoto plant under construction in Finland (see Section 4.1.).
But even after four years of construction, in 2009, it had become clear the design was still far from
complete. The risks posed by design changes cannot be entirely removed, especially with new
designs whereby unanticipated problems might be introduced by the construction process or
whereby the regulator cannot agree with design details as they are filled in. For example, at the
Olkiluoto plant by 2009, the regulator expressed serious concerns about the adequacy of the
proposed control and instrumentation systems. Without major changes, the regulator was not

willing to license the plant (see Section 4.1.).

Experiences within operating reactors might also lead to the need for changes in the design after
construction has started. For example, a major nuclear accident would necessarily lead to a review
of all plants under construction (as well as all operating plants) and important lessons could not be

ignored simply because licensing approval of the existing design had already been given.

3.1.3. Learning, scale economies, and technical progress

The expectation for most technologies is that successive generations of design will be cheaper and
better than their predecessors because of factors such as learning, economies of scale, and technical
change. How far nuclear technology has improved through time is a moot point, but costs have
clearly not fallen. The reasons behind this are complex and not well understood, but factors that are
often quoted are increased regulatory requirements (note, the standards have not increased, but the
measures found to be necessary to meet these standards have) and unwise cost-cutting measures

with first-generation reactors.

The paucity of orders for current generations of reactors, especially those with properly documented
costs, makes it difficult to know whether costs have stabilised yet, let alone begun to fall. However,
“learning” — in other words, improvements in performance through repetition — and scale economies

are two-way processes. In the 1970s, the major reactor vendors were receiving up to 10 orders per

10 Nucleonics Week, “GEH: Cost Estimates.”
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year. This allowed them to set up efficient production lines to manufacture the key components and
allowed them to build up skilled teams of designers and engineers. How much these economies of
number produced reduced costs is difficult to estimate. A Nuclear Energy Agency report from 2000
suggests that the intuitive expectation that economies of number would be large may not be
accurate. It stated:™

The ordering of two units at the same time and with a construction interval of at least 12 months
will result in a benefit of approximately 15% for the second unit. If the second unit is part of a

twin unit the benefit for the second unit is approximately 20%. The ordering of additional units
in the same series will not lead to significantly more cost savings. The standardisation effect for

more than two units of identical design is expected to be negligibly low.

When the UK Performance and Innovation Unit (PIU) of the Cabinet Office examined nuclear
power economics in 2002, it was provided with forecasts of costs from British Energy (the nuclear
power plant owner) and BNFL (the plant vendor) that were based on *“a substantial learning and
scale effects from a standardised programme.” The PIU was sceptical about the extent of learning,

acknowledging that learning was likely to occur but that its impact could be limited. It stated:*?

The pace and extent of learning may however be slower for nuclear than for renewables

because:

o relatively long lead times for nuclear power mean that feedback from operating

experience is slower;
o relicensing of nuclear designs further delays the introduction of design changes; and

¢ the scope for economies of large-scale manufacturing of components is less for nuclear
because production runs are much shorter than for renewables, where hundreds and

even thousands of units may be installed.

The major reactor vendors have received only a handful of orders in the past 20 years, their own
production lines have closed, and skilled teams have been cut back. Westinghouse had received
only one order in the past 25 years before the order for four units from China in 2008. Even the
French vendor Areva received its first order in about 15 years with its order for Finland. For new
orders, large components would generally have to be subcontracted to specialist companies and
built on a one-off basis, presumably at higher costs in countries such as Japan and, for the future,

China."® There are now acknowledged to be major shortages in component manufacturing

11 Nuclear Energy Agency, Reduction of Capital Costs of Nuclear Power Plants (Paris: OECD, 2000), p. 90.

12 Performance and Innovation Unit, The Energy Review, Cabinet Office (London: 2002), p. 195,
http://www.strategy.gov.uk/downloads/su/energy/TheEnergyReview.pdf.

13 For example, if the Flamanville EPR is ordered, the pressure vessel would probably be manufactured in Japan.
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facilities. For example, by the end of 2009, only one facility in the world, Japan Steel Works, could

cast large forgings for certain reactor pressure vessels.
Skills shortages are also becoming acute. A report for the German Environment Ministry stated:**

The nuclear skills and competence gap is an internationally well established and recognised
problem. Numerous initiatives have been launched on national and international scale in order
to reverse the trend. However, apparently, the results remain far short of the necessary
employment levels for all stakeholders involved. The number of nuclear graduates and
technicians is insufficient and many graduates do not enter or quickly leave the nuclear sector.
In-house training only partially compensates for the problem since the nuclear industry has to
compete in a harsh market environment with many other sectors that lack scientists, engineers
and technicians.
3.14. Construction time
An extension of the construction time beyond that forecast does not directly increase the
construction costs, although it will tend to increase interest during construction and often is a
symptom of problems in the construction phase such as design issues, site management problems,
or procurement difficulties that will be reflected in higher construction costs. However, the impact
on the utility —if it is a relatively small utility for which the new plant would represent a major

addition to capacity — could be severe, especially if the output is already contracted.

The Olkiluoto plant was expected to come on-line in May 2009 when the construction contracts for
it were signed. However, by May 2009, the plant was still nearly four years from completion. Its
output had already been contracted to the Finnish energy-intensive industry. So, the utility will
have to buy “replacement power” to supply its customers with the power they had contracted from
the Nordic wholesale electricity market until the plant is complete, at whatever cost is prevailing in
the Nordic market. If the supply-demand balance is tight, for example if there is a dry winter that
restricts the amount of hydroelectricity availability, this cost could be far higher than the contracted
sale price. The utility is unlikely to be able to absorb losses for long if the Nordic market price is

significantly higher than the price at which it had contracted to sell the output of Olkiluoto for.

Overall lead time — from the time of the decision to build the plant to its commercial operation (i.e.,
after the initial testing of the plant has been completed and its operation handed over by the vendor
to the owner) — is generally much longer than the construction time. For example, the decision to

build the Sizewell B nuclear power plant in Britain was taken in 1979, but construction did not start

14 M. Schneider, S. Thomas, A. Froggatt, and D. Koplow, World Nuclear Industry Status Report 2009, German
Federal Ministry of Environment, Nature Conservation and Reactor Safety (2009),
http://www.bmu.de/files/english/pdf/application/pdf/welt_statusbericht_atomindustrie_0908_en_bf.pdf.
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until 1987 (because of delays not only from a public inquiry but also from difficulties in completing
the design). The plant only entered commercial service in 1995, so the total lead-time was 16 years.
The cost of the preconstruction phase is generally relatively low compared to construction, unless
the reactor is the “first-of-a-kind,” where design and safety approval could prove expensive.
However, for a generating company operating in a competitive environment, this long delay and the
risks it entails — such as failure at the planning inquiry stage or cost escalation from regulatory

requirements — is a major disincentive to choose nuclear.

3.2. Cost of capital

This is the other element — construction cost in capital charges (see Appendix 2). Generally, large
projects are financed through a combination of debt (borrowing from banks) and equity (self-
financing from income). For debt, the cost of capital will depend on the prevailing “risk-free”
interest rate, for example, the rate paid by treasury bonds, plus a risk factor to represent the degree

of risk involved in the project, plus of course the bank’s margin and costs.

For equity, it is often suggested that large companies with substantial resources can easily pay for
large investments from income with little need for borrowing. However, essentially by financing
investment from equity, the company is asking shareholders to defer sums that could have been paid
immediately as dividends. This money will be invested in the project and, in the long-term, will be
paid back to the shareholders as profits from the project. To compensate the shareholders for the
delay in receiving their income, the company must pay the interest that shareholders could have
earned if they had been paid the money and invested it in low-risk investments plus a premium to
reflect the risk that is being taken with their money (the project might not make the return on
investment it was expected to). The cost of equity is therefore generally higher than the cost of
debt.

If banks are unwilling to lend, replacing borrowing with equity is not likely to be an option.
Essentially this would mean a company was asking its shareholders to lend money to the company
for a project the banks would not touch. Shareholders may therefore oppose funding of large
projects with too large an element of equity funding. Equally, banks will not look kindly on loan

applications if it seems the company is not prepared to risk its own money.

It is particularly revealing that in the United States, when the Nuclear Power 2010 programme was
launched, it was expected that projects would be financed in equal measure by debt and equity. By
2008, it was clear that the companies were expecting to cover as much of the project cost by
borrowing as possible — backed by federal loan guarantees. The banks also strongly stated they

would be willing to lend money only if the coverage by loan guarantees was very comprehensive.
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As noted in Section 5, six of Wall Street’s largest investment banks informed the US Department of
Energy (USDOE) that they were unwilling to extend loans for new nuclear power plants unless

taxpayers shouldered 100% of the risks.*

The real (net of inflation) cost of capital varies from country to country and from utility to utility,
according to the country-risk and the credit-rating of the company. There will also be a huge
impact from the way in which the electricity sector is organised. If the sector is a regulated
monopoly, the real cost of capital could be as low as 5 to 8%, but in a competitive electricity
market, it is likely to be at least 15%. Thus, for Florida and Georgia, for example, where the
regulator is allowing the utilities to begin to recover the cost of new nuclear power plants in
regulated electricity tariffs even before construction starts, the utility is less dependent on loan
guarantees being offered to borrow money at low rates. The Georgia Public Service Commission
accepted Georgia Power’s, which owns 45.7% of the VVogtle project, request to recover its financing
costs for its $6.4 billion share of the 2234-MW nuclear project through “construction work-in-
progress” beginning in 2011.1° The assurance of cost recovery means that the owners have claimed
it will proceed with construction even if it does not receive loan guarantees. It has also reduced the

expected cost of Georgia Power’s share, including financing up to $4.529 billion."’

It is clear that if the largest element of cost in nuclear power are the capital charges, more than
doubling the required rate of return will severely damage the economics of nuclear power. There is
no “right” answer about what cost of capital should be applied. When the electricity industry was a
monopoly, utilities were guaranteed full cost recovery. In other words, whatever money they spent,
they could recover from consumers. This made any investment a very low risk to those providing
the capital because consumers were bearing all the risk. The cost of capital varied according to the
country and whether the company was publicly or privately owned. Publicly owned companies like
Vattenfall, the Swedish state-owned utility, generally have a high credit rating and therefore the cost
of capital is lower for them than for companies partly or wholly owned by private shareholders, like
the two main German utilities, E.ON and RWE. For publicly owned companies, shareholder
pressure was also generally less than for shareholder companies, and using equity might have been
easier. The real cost of capital — that is, the annual interest rate for borrowing, net of inflation — for

a developed country was generally in the range of 5 to 8%.

In an efficient electricity market, the risk of investment would fall on the generation company, not

the consumers, and the cost of capital would reflect this risk. For example, in 2002 in Britain, about

15 Investors’ comments in response to DOE notice of proposed rulemaking, July 2, 2007.
16 Platts Global Power Report, Georgia PSC Approves Two Nuclear Reactors by Georgia Power, and a Biomass
Conversion, March 19, 2009.
17 Nucleonics Week, “Georgia Power Lowers Estimate for New Vogtle Units,” November 11, 2009.
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40% of the generating capacity was owned by financially distressed companies (about half of this
was the nuclear capacity) and several companies and banks lost billions of pounds on investments
in power stations that they had made or financed. In these circumstances, a real cost of capital of
more than 15% seems well-justified. If the risks were reduced — for example if there were
government guarantees on the market for power and the price — the cost of capital would be lower,
but these would represent a government subsidy (state aid) and it is not clear they would be

acceptable under European Union law.

3.3. Operating performance

For a capital-intensive technology like nuclear power, high utilisation is of great importance, so that
the large fixed costs (repaying capital, paying interest, and paying for decommissioning) can be
spread over as many saleable units of output as possible. In addition, nuclear power plants are
physically inflexible and it would not be wise to start up and shut down the plant or vary the output
level more than is necessary. As a result, nuclear power plants are operated on “base load,” except
in the very few countries (e.g., France) where the nuclear capacity represents such a high proportion
of overall generating capacity that this is not possible. A good measure of the reliability of the plant
and how effective it is at producing saleable output is the “load factor” (“capacity factor” in US
parlance). The load factor is calculated as the output in a given period of time expressed as a
percentage of the output that would have been produced if the unit had operated uninterrupted at its
full-design output level throughout the period concerned.'® Generally, load factors are calculated
on an annual or a lifetime basis. Unlike construction cost, the load factor can be precisely and
unequivocally measured and load factor tables are regularly published by the trade press such as
Nucleonics Week and Nuclear Engineering International as well as by the International Atomic
Energy Agency (IAEA). There can be dispute about the causes of shutdowns or reduced output
levels, although from an economic point of view, the fact that output is not being produced is of less

importance than why it is not being produced.

Table 6. Operating performance of German nuclear power plants
Plant Commercial operation | Load factor 2008 (%) | Lifetime load factor to end of 2008 (%)
Biblis A 2/1975 82.6 65.2
Biblis B 1/1977 95.2 67.7
Brokdorf 12/1986 924 88.5

18 Note that where reactors are derated, some organisations (e.g., the IAEA) quote the load factor on the authorised
output level rather than the design level. While this may give some useful information on the reliability of the plant, for
economic analysis purposes, the design rating should be used because that is what the purchaser paid to receive.
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Brunsbdttel 2/1977 0.0 53.7
Emsland 6/1988 93.3 93.3
Grafenrheinfeld 6/1982 87.2 86.2
Grohnde 2/1985 88.3 90.6
Gundremmingen B | 7/1984 85.7 82.6
Gundremmingen C | 1/1985 87.7 80.4
Isar 1 3/1979 98.3 79.3
Isar 2 4/1988 93.2 89.6
Kriimmel 3/1984 0.0 71.6
Neckarwestheim1 | 12/1976 54.9 79.5
Neckarwestheim 2 | 4/1989 93.0 92.7
Philippsburg 1 3/1980 78.4 79.0
Philippsburg 2 4/1985 88.7 88.2
Unterweser 9/1979 78.7 79.6

Source: IAEA, http://www.iaea.or.at/programmes/a2/

Note: The Kriimmel and Brunshiittel plants were closed for the whole of 2008.

Table 6 shows the 2008 and the lifetime load factors for German nuclear power plants. It shows a
wide range of reliability with three plants having a lifetime load factor of more than 90%, while

three units have a lifetime load factor of less than 70%.

As with construction cost, load factors of operating plants have been much lower than forecast. The
assumption by vendors and those promoting the technology has been that nuclear plants are
extremely reliable, with the only interruptions to service being for maintenance and refueling (some
designs of plant such as the AGR and Candu are refueled continuously and need to only shut down
for maintenance), thereby giving a load factors of 85 to 95%. However, performance was poor and
in around 1980, the average load factor for all plants worldwide was about 60%. To illustrate the
impact on the economics of nuclear power, if we assume fixed costs represent two-thirds of the
overall cost of power if the load factor is 90%, then the overall cost would go up by a third if the
load factor was only 60%. To the extent that poor load factors are caused by equipment failures, the
additional cost of maintenance and repair resulting would further increase the unit cost of power. In
a competitive market, a nuclear generator contracted to supply power that is unable to fulfill its
commitment is likely to have to buy the “replacement” power for its customer, potentially at very

high prices.
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However, from the late 1980s onwards, the nuclear industry worldwide has made strenuous efforts
to improve performance. Worldwide, load factors now average more than 80% and, for example,
the United States now has an average of nearly 90% compared to less than 60% in 1980, although

the average lifetime load factor of America’s nuclear power plants is still only 70%.

Only seven of the 414 operating reactors with at least a year’s service and that have full
performance records have a lifetime load factor in excess of 90%, and only the top 100 plants have
a lifetime load factor of more than 80%. Interestingly, the top 13 plants are sited in only three

countries: six in South Korea, five in Germany, and two in Finland.

New reactor designs may emulate the level of reliability achieved by the top 2% of existing
reactors, but, equally, they may suffer from “teething problems” like earlier generations. The
French experience in the late 1990s with the N4 design is particularly poignant. Note that in an
economic analysis, the performance in the first years of operation — when teething problems are
likely to emerge — will have much more weight than that of later years because of the discounting
process. Performance may decline in the later years of operation as equipment wears out and has to
be replaced, and improvements to the design are needed to bring the plant in line with current
standards of safety. This decline in performance will probably not weigh very heavily in an
economic analysis because of discounting. Overall, an assumption that reliability of 90% or more

seems hard to justify on the basis of past experiences.

3.4. Non-fuel operations and maintenance cost

Many people assume that nuclear power plants are essentially automatic machines requiring only
the purchase of fuel and have very low running costs. As a result, the non-fuel operations and
maintenance (O&M) costs are seldom prominent in studies of nuclear economics. As discussed
below, the cost of fuel is relatively low and has been reasonably predictable. However, the
assumption of low running costs was proved wrong in the late 1980s and early 1990s when a small
number of US nuclear power plants were retired because the cost of operating them (excluding
repaying the fixed costs) was found to be greater than the cost of building and operating a
replacement gas-fired plant. It emerged that non-fuel O&M costs were on average in excess of
$22/MWh, while fuel costs were then more than $12/MWh." Strenuous efforts were made to
reduce non-fuel nuclear O&M costs and by the mid-1990s, average non-fuel O&M costs had fallen
to about $12.5/MWh and fuel costs to $4.5/MWh. However, it is important to note that these cost
reductions were achieved mainly by improving the reliability of the plants rather than actually

reducing costs. Many O&M costs (the cost of employing the staff and maintaining the plant) are

19 For statistics on O&M costs, see http://www.nei.org/index.asp?catnum=2&catid=95.
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largely fixed and vary little according to the level of output of the plant. So, the more power that is
produced, the lower the O&M cost per MWh. The threat of early closure on grounds of economics

has now generally been lifted in the United States.

It is also worth noting that British Energy, which was essentially given its eight nuclear power
plants when it was created in 1996, collapsed financially in 2002 because income from operation of
the plants barely covered operating costs. This was in part due to high fuel costs, especially the cost
of reprocessing spent fuel — an operation only carried out now in Britain and France (see below).
Average O&M costs for British Energy’s eight plants, including fuel, varied between about
1.65-2.0p/kWh from 1997-2004. However, in every following year, the operating costs increased.
In the last full year for which data was published, 2007/08, the cost was 3p/kWh and in the first six
months of 2008/09, the cost was 4.13p/kWh (the company was taken over then by the French
utility, EDF, and operating cost figures are not published).

3.5. Fuel cost

The cost of fuel, about 5% of the total cost of power, includes the cost to mine the uranium,
“enrich” it (increase the percentage of the useful uranium isotope), fabricate it into fuel, store it after
use, and dispose of it in a safe repository, where it must remain isolated from the environment for
several hundred thousand years. The costs other than the purchase cost of fuel are not discussed
further here. Fuel costs have fallen as the world uranium price was low from the mid-1970s
(around $12/1b of U30g) to around 2000, after which prices rose to about $150/Ib (see Table 7).
Subsequently, spot prices fell to less than $50/1b by the end of 2009. These spot prices are a little
misleading as the spot market is very “thin” and only a small proportion of uranium is bought and
sold on this market, with the vast majority being sold under long-term bilateral contracts. US fuel
costs average about 0.25p/kWh, but these are arguably artificially low because the US government
assumes responsibility for disposal of spent fuel in return for a flat fee of $1/MWh (0.06p/kWh).
This is an arbitrary price set more than two decades ago and is not based on actual experience — no
fuel disposal facilities exist in the United States or anywhere else — and all the US spent fuel
remains in temporary storage pending the construction of a spent-fuel repository, expected to be at
Yucca Mountain. Real disposal costs are likely to be much higher.

Table 7. Price of uranium
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The issue of spent-fuel disposal is difficult to evaluate. Reprocessing is expensive and, unless the
plutonium produced can be profitably used, it does nothing to help waste disposal. Reprocessing
merely splits the spent fuel into different parts and does not reduce the amount of radioactivity to be
dealt with. Indeed, reprocessing creates a large amount of low- and intermediate-level waste
because all the equipment and material used in reprocessing becomes radioactive waste. The
previous contract between BNFL and British Energy (before its collapse) for reprocessing British
Energy's fuel was reported to be worth £300m per year, which equates to about 0.5p/kWh. The new
contract is expected to save British Energy about £150-200 million per year, although this will be
possible only because of underwriting of losses at BNFL by the government. Despite this poor cost
experience, the United States was reported to be considering allowing the reprocessing of spent
fuel, which has not occurred since a ban was imposed by the Carter administration. The cost of
disposing of high-level waste is hard to estimate because no facilities have been built or are even

under construction and any cost projections must have a very wide margin for error.

3.6. Accounting lifetime

One of the features of Generation I11+ plants is that they are designed to have a life of about 60
years compared to their predecessors, which generally had a design life of about half that. For a
technology dominated by fixed costs, it might be expected that doubling the life would significantly

reduce fixed costs per unit because there would be more time to recover these costs. In practice,
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this does not apply. Commercial loans must be repaid over no more than 15-20 years and in a
discounted cash flow calculation, costs and benefits more than 10-15 years forward have little

weight (see Appendix 2).

There is a trend of extending the life of existing plants. Some PWRs and BWRs that are now
reaching their original licensed lives of 40 years are being licensed by the US safety authorities for
a further 20 years of operation. However, it should not be assumed that there will be cheap
electricity once capital costs have been repaid. Life extension may require significant new
expenditures to replace worn-out equipment and to bring the plant in compliance with current safety
standards. Life extension is not always possible. For example, Britain’s AGRs, which had a design
life of 25 years, are now expected to run for 40 years, but life extension beyond that may not be

possible because of problems with erosion and distortion of the graphite moderator blocks.

3.7. Decommissioning and waste disposal cost and provisions

These are difficult to estimate because there is little experience with decommissioning commercial-
scale plants and the cost of disposal of waste (especially intermediate or long-lived waste) is
uncertain (see Appendix 3). However, even schemes that provide a very high level of assurance
that funds will be available when needed will not make a major difference to the overall economics.
For example, if the owner was required to place the (discounted) sum forecast to be needed to carry
out decommissioning at the start of the life of the plant, this would add only about 10% to the
construction cost. The British Energy segregated fund, which did not cover the first phase of
decommissioning, required contributions of less than £20m per year, equating to a cost of only
about 0.03p/kwh.

The problems come if the cost has been initially underestimated, the funds are lost, or the company
collapses before the plant completes its expected lifetime. All of these problems have been
experienced in Britain. The expected decommissioning cost has gone up several-fold in real terms
over the past couple of decades. In 1990, when the Central Electricity Generating Board (CEGB)
was privatised, the accounting provisions made from contributions by consumers were not passed
on to the successor company, Nuclear Electric. The subsidy that applied from 1990 to 1996 —
described by Michael Heseltine? as being to “decommission old, unsafe nuclear plants” — was in
fact spent as cash flow by the company owning the plant, and the unspent portion has now been
absorbed by the treasury. The collapse of British Energy has meant that a significant proportion of

their decommissioning costs will be paid by future taxpayers.

20 Michael Heseltine, President of the Board of Trade, Hansard, October 19, 1992.
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3.8. Insurance and liability

This is a controversial area because at present, the liability of plant owners is limited by
international treaty to only a small fraction of the likely costs of a major nuclear accident. The
Vienna Treaty, passed in 1963 and amended in 1997, limits a nuclear operator’s liability to 300
million Special Drawing Rights or about $460 million (on Feb 22, 2009, US$1=0.653SDR%). At
present the British government underwrites residual risk beyond £140 million, though the limit is
expected to rise under the Paris and Brussels Conventions to €700 million (E500m). The limit on

liability was seen as essential to allow the development of nuclear power but can also be seen as a

large subsidy.

Table 8. Liability limits for the OECD countries as of September 2001
Liability limits under | Financial security
national legislation® requirements*”

Belgium €298m

Finland €250m

France €92m

Germany unlimited €2,500m°

Great Britain €227m

Netherlands €340m

Spain €150m

Switzerland unlimited €674m
Slovakia €47m

Czech Republic | €177m

Hungary €143m

Canada €54m

USA €10,937m €226m
Mexico €12m

Japan unlimited €538m
S Korea €4,293m

Source: Unofficial Statistics — OECD/NEA, Legal Affairs

Notes: ? using official exchange rates June 2001-June 2002; ° if different than the liability limit; © €256m insurance,

€2.5bn operator’s pool, €179m from Brussels amendment to Paris Convention.

21 The value of the Special Drawing Right is determined by a basket of the world’s four major currencies.
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The German parliament’s Study Commission on Sustainable Energy® compiled figures on the
liability limits in OECD countries (see Table 8) and this shows the wide range of liability limits

from very low sums, for example Mexico, to much higher sums, for example Germany.

The scale of the costs caused by, for example, the Chernobyl disaster, which may be on the order of
hundreds of billions of pounds (it is invidious to put a cost on the value of loss of life or incapacity
but for insurance purposes it is necessary), means that conventional insurance cover would probably
not be available, and even if it was, its cover might not be credible because a major accident would

bankrupt the insurance companies.

There have been proposals that “catastrophe bonds” might provide a way for plant owners to
provide credible cover against the financial cost of accidents. A catastrophe bond is a high-yield,
insurance-backed bond containing a provision causing interest and/or principal payments to be
delayed or lost in the event of losses due to a specified catastrophe, such as an earthquake. Whether
these would provide a viable way to provide some insurance cover against nuclear accidents and
what the impact on nuclear economics would be will be hard to determine until concrete proposals

are made.

4. Experience at Olkiluoto and Flamanville

These two plants are of particular importance because they are the only Generation I11+ plants for

which there is any significant experience, albeit for construction only, not operation.

41. Olkiluoto

The Olkiluoto-3 order for Finland was seen as particularly important for the nuclear industry
because it seemed to contradict the conventional wisdom that liberalisation and nuclear power
orders were incompatible. 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 I11/111+ design. The Finnish electricity industry had
been attempting to obtain parliamentary approval for a fifth nuclear unit in Finland 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.

22 Deutscher Bundestag, Nachhaltige Energieversorgung unter den Bedingungen der Globalisierung und
Liberalisierung, Bericht der Enquete-Kommission, zur Sache 6/2002, chapter 3.3.2, table 3.3 (Berlin: Deutscher
Bundestag, 2002), p. 232, http://dip.bundestag.de/btd/14/094/1409400.pdf.
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Finland is part of the Nordic electricity market covering also Norway, Sweden, and Denmark. The
region is generally seen as the most competitive electricity market in the world. Finland also has a
good reputation for the operation of the four units located in the country. So there were high hopes
that this would answer many of the questions concerning the “nuclear renaissance.” However,
closer examination of the deal reveals some very special features that show this deal is not

representative of conditions in other markets.

The contract price for Olkiluoto-3 was reported in 2004 to be €3 billion for a 1600 MW plant.?®
Subsequently, the price was reported to be €3.2 billion®* or €3.3 billion.?® 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 $3.6-4.0
billion (depending on the contract price) or about $2,250-2,475/kW (€1=US$1.2). This cost
included financing and two reactor cores and so the cost per kW in overnight terms would have
been somewhat lower, although given — as we can see below — the very low rate of interest charged

(2.6%), finance costs would be low.

Although this cost was well above the nuclear industry’s target of $1,000/kW of only a few years
before, it was still regarded by 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 architectural
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.

23 Project Director Martin Landtman stated: “The value of the whole Olkiluoto 3 investment including the Turn-key
Contract is about EUR 3 billion in year 2003 money. No other figures are published”; personal communication, e-mail
to Mycle Schneider, dated October 8, 2004.

24 Nucleonics Week, “EC Probing Claims Olkiluoto Loan Guarantees Were State Aid,” October 26, 2006.

25 Nucleonics Week, “Areva Reveals 47% Cost Overrun on Contract for Olkiluoto-3,” March 5, 2009, p 1.

26 Nucleonics Week, “Giant EPR Said To Be Competitive: EDF To Decide on Order Next Year,” November 6,
1998, p 1.

27 Petroleum Economist, “France Mulls Nuclear Future,” March 2001.

28 Nucleonics Week, “EPR Safety Approval Won’t Last Beyond 2002, Regulator Warns,” March 6, 1997.
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As has been documented elsewhere,” the Olkiluoto project has gone seriously wrong since
construction started. By March 2009* the project was acknowledged to be at least three years late
and €1.7 billion over budget.* In August 2009, Areva NP acknowledged that the estimated cost
had reached €5.3 billion, which at the prevailing exchange rate of €1=US$1.35 represented a cost of
$4,500/kW.* The contract is also the subject of an acrimonious dispute between Areva NP and the
customer, Teollisuuden VVoima Oy. Areva NP is claiming compensation of about €1 billion for
alleged failures of TVO. TVO, in a January 2009 counterclaim, is demanding €2.4 billion in
compensation from Areva NP for delays in the project.®

It seems unlikely that all the problems that have contributed to the delays and cost-overruns have
been solved; the final cost could be significantly higher. The result of the claim and counter-claim
arbitration between Areva NP and TVO will determine how the cost-overrun will be apportioned.

Regardless, however, it is clear that investor concerns on plant costs and delivery remain valid.

4.2. Flamanville

EDF finally ordered an EPR reactor in January 2007, to be located at their Flamanville site. This
reactor was uprated to 1630 MW?* and construction commenced in December 2007.%* In May 2006,
EDF estimated the cost would be €3.3 billion.*® At that time (€1=US$1.28), this was equivalent to
$2,590/kW. This cost, however, did not include the first fuel, so the overnight cost would have

been somewhat higher. The cost estimate did not include financing either.

EDF did not seek a turnkey contract that carried out the architectural engineering and managed the
contracting — for example letting contracts — for the turbine generator. How far these decisions
were influenced by the poor experience at Olkiluoto and how far they were influenced by the need

it saw to maintain in-house skills is not clear.

In May 2008, the French safety regulatory 