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Abstract 

The paper studies how risks specific to a nuclear power investment in liberalised 
markets – regulatory, construction, operation and market risks – can be mitigated or 
transferred away from the plant investor through different contractual and 
organisational arrangements. It argues that significant risk transfers onto 
governments, consumers, and, vendors are likely to be needed to make nuclear power 
attractive to investors in liberalised markets, at least for the first batch of new 
reactors. These different types of risk allocations will in turn induce different 
investment financing choices. Four case studies of recent new nuclear projects 
illustrate the consistent combinations of contractual, organisational, and financial 
arrangements for new nuclear build depending on the industrial organisation, market 
position of the company and the institutional environment prevailing in different 
countries. The most likely financing structure will likely be based on corporate 
financing or some form of hybrid arrangement backed by the balance sheet of one or 
a consortium of large vertically integrated companies.  

 Keywords: electricity market, risk, nuclear, investment  

 JEL codes: D24, G3, L38, N7, Q48 

 

 

1 INTRODUCTION 

All the nuclear power plants operating today in liberalised markets have been developed by vertically-
integrated regulated utilities. Under traditional industry and regulatory arrangements, many of the 
risks associated with construction costs, operating performance, fuel price changes, and other factors 
were borne by consumers rather than suppliers. The current context for new nuclear build is 
significantly different. The electricity industry structure has been transformed by gradual 
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liberalisation in many developed and developing countries over the past 20 years. In the theoretical 
decentralised electricity market model, investors bear the risk of uncertainties associated with 
obtaining construction and operating permits, construction costs and operating performance. They 
also have to assume the usual volume and price risks. While many regulators favour strict unbundling 
between generation and transmission as well as vertical de-integration between generation and supply, 
electricity reforms in most countries have not necessarily resulted in complete industry restructuring. 
There is a large variety of industrial structures and market rules from one country to another. In some 
countries, part of the electricity price risk affecting plant investors can therefore be shifted to 
electricity marketers and consumers through long-term contracts and/or vertical integration when 
regulation allows these arrangements. Depending on the proportion of the construction and operating 
risks borne by the power plant investors, they will ask for a different return on investment. This will 
in turn affect the financing arrangement adapted by the project, its capital costs and the 
competitiveness of nuclear relative to other technologies. 

There have been few nuclear plant orders in liberalised markets over the past decade – to the 
exception of the Finnish and French plants under construction –, but rising fossil fuel and CO2 prices 
are reviving interest in nuclear power. A potential nuclear power renaissance in liberalised electricity 
markets will face a number of hurdles associated with the specificities of the technology and the 
legacy of past experiences. Nuclear power suffers indeed from some specific risks: i) the regulatory 
risk associated with the instability of safety regulations and design licensing; ii) the policy risk where 
electoral cycles could undermine the commitment to nuclear power and the development of nuclear 
waste disposal facilities; and iii) the construction and operation risks associated with the necessary 
“re-learning” of the technology. Moreover, the large size of a nuclear project and the capital intensity 
of the technology make it relatively more sensitive to some critical market risks such as the electricity 
price and volume risks. 

The key factor in the success of nuclear power in liberalised markets therefore lies in the  degree to 
which the power industry can engage with regulatory and safety authorities, plant vendors and 
consumers and to which they can allocate risks onto parties which are best able to manage them. By 
shifting part of the pre-construction, construction, operating, and market risks onto other parties 
(regulators, plant vendors, creditworthy consumers, etc.), electricity producers are in a better position 
to attract potential investors (lenders, etc.) 

The allocation of the various risks in turn influences the selection of the financial arrangements 
among different options. While in the past regulated utilities financed their investments using 
corporate financing with recourse debt and bonds, a wide range of options are now available to 
investors in power markets. These range from project finance with non-recourse debt and with high 
gearing to corporate and hybrid financing approaches (Etsy, 2004). Project finance and hybrid 
financing approaches have been widely used to finance large and capital intensive infrastructure 
projects in the past decade. In theory, modern project finance fits perfectly well with the business 
model of the pure power producer. Yet interest in the so-called “pure merchant plant” model without 
long-term contracts has collapsed with the bankruptcy of many merchant gas plant investments from 
independent producers in the US and the UK in the late 1990s. Given the risks specific to nuclear 
power and the alternative contractual risk allocations, it is critical to identify the possible coherent 
combinations of financing arrangements and industrial organisation that allows some of the risks to be 
transferred away from the producer.  

The objective of this paper is therefore to study how the risks specific to a nuclear power investment 
in different types of liberalised markets can be mitigated, how they can be allocated to the different 
stakeholders, and which financial arrangements are consistent with the alternative allocations of the 
construction and operating and market risks in different electricity market regimes. The paper is 
organised as follows. The next section details how the risks specific to nuclear power can be mitigated 
or transferred away from the plant investor onto other parties. The third section contrasts the different 
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possible financing arrangements and shows how these are intrinsically linked to the contractual risk 
allocation between the different parties. The fourth section illustrates through four different case 
studies how different combinations of contractual and financing arrangements between the electricity 
producer, the plant vendor, the consumers, the public authorities and the lenders are viable depending 
on the local institutional and regulatory environment, the industry structure and the type of electricity 
reform realised in the country.  

2 HOW CAN THE RISKS SPECIFIC TO NEW NUCLEAR BUILD BE MITIGATED OR SHIFTED 
AWAY FROM THE INVESTOR? 

We consider the different risks specific to nuclear build and different ways to mitigate or shift away 
these risks ex ante, from the producer-investor onto other parties. Although these risks are 
intrinsically related and partly overlap, we classify them in the following categories: regulatory and 
political risks, construction and operating risks and lastly, market risks (volume and price risks). It is 
noteworthy that some of these risks, in particular market risks, are not specific to nuclear power, but 
are magnified in this context by its specific characters including the long construction lead time, the 
high capital intensity and the absence of correlation between nuclear operating costs and hourly 
electricity prices, contrary to other generation technologies such as combined cycle gas turbines 
(CCGTs).   

2.1 Regulatory and political risks 

We consider in this section, risks associated with regulatory action or political choice which are 
exogenous and not inherent to the management of plant planning and realisation. While all power 
generation technologies are subject to the risk of changing regulations on environmental protection, 
nuclear projects face specific regulatory and political risks. In many countries, the uncertain outcome 
and likely complexity and length of the public inquiry further add to licensing phase uncertainties. 
Moreover, political and regulatory requirements may change during the design and construction 
phase, adding to the above risks (for example, following a change in government). There are also 
regulatory and political risks during the operating phase such as retroactive regulations, political 
phase-out decisions and so on. In the past, disputes about licensing, local opposition, cooling water 
source, redesign requirements, quality of control, etc. have delayed construction and completion of 
nuclear plants in a number of countries, in particular in the USA and Germany (Bupp et Derian, 1979; 
Nuttall, 2005).  

Political and judicial risks are related to the ‘politicisation’ of nuclear energy and the difficulty to 
build a large social acceptance. Levy and Spiller (1994) highlight how the credibility and 
effectiveness of a regulatory framework - and hence its ability to facilitate private investment - vary 
with a country’s political and social institutions in network industries. Re-opening the “nuclear 
option” therefore requires a strong political leadership to reduce regulatory and licensing risks at 
different levels (Delmas and Heiman, 2001):  

 The safety regulations, both in terms of the certification of reactor technology and the stabilisation 
of safety regulation; 

 The definition of a legitimate solution to the nuclear waste disposal issue; 

 The stability of the legal framework on limited liabilities and insurance provision in case of 
nuclear accident;  

 The political process for building acceptability on plant sitting and nuclear waste management. 
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From this perspective, governments and regulatory and safety agencies have a critical role to play in 
the setting of clear and consistent procedures for licensing design and authorisation procedures for 
sitting. The mitigation of the key risks in the regulatory and licensing process requires smooth 
cooperation of regulators, utilities, and nuclear plant vendors, in ensuring respectively a smooth plant 
sitting and licensing process, a clear design certification procedure and the stability of the safety rules.  

In countries - such as the USA - where safety regulation had generated large risks on construction 
costs and lead-times in the past, new streamlined licensing procedures should help reduce regulatory 
risk, but governments might also want to provide investors with additional guarantees that they will 
shoulder any unforeseen costs due to regulatory changes or delays.5 Coming from the same 
perspective, it has been argued in the UK that given the long lead-time of nuclear projects it would be 
economically efficient that the government guarantees the State commitment in favour of the nuclear 
option (WNA, 2005).  

2.2 Construction risks  

All large-scale complex projects are characterised by above-proportional levels of completion and 
financial risks (Etsy, 2002). In a review of 60 large $1-billion engineering projects, Miller and 
Lessard (2000) show that the critical factors of poor performance are a high proportion of public 
ownership due to soft budget constraints; extra-large scale (complexity and management problems); 
and first-of-a-kind or one-of-a-kind projects  (characterised by lack of experience, design risks, etc.). 
The latter two factors are at play in nuclear projects. 

Compared to other power generation technologies, new nuclear build is characterised by long lead 
times (3 years for project preparation, 5 to 6 years for construction), and high front-end cash outflows 
(€4 to 5bn for a first-of-a-kind (FOAK) plant of 1500 MW, €3 bn for a standard plant, to compare to 
an investment cost of €500 millions for a large CCGT of 600 MW). It is also likely to have high cost 
estimation and schedule risk around the forecast baseline lead-time, based on past experience 
construction cost overruns. Nuclear plant construction risks are amplified by the capital intensity 
inherent in such large and complex projects: a construction delay of 24 months will increase the 
levelised cost of nuclear kWh by about 10% compared to about 3% for a gas CCGT and 7% for a coal 
generation plant (IEA, 2006). Besides, industrial “re-learning” associated with advanced reactor 
designs increases not only the construction cost, but also the construction risk for the first units. 
Investors will need to gain confidence in the maturing “Generation 3” evolved nuclear technologies 
(ABWR, EPR, AP1000, ACR, etc) proposed by nuclear plant vendors.  

One critical aspect to assess project construction risk is the quality of project management – more 
precisely the interaction between the plant vendor, the utility, and the engineering and construction 
(E&C) company. Past experience shows a large difference of efficiency in project management 
between countries and suggests that large utilities leveraging their own engineering and procurement 
capacity may be in a better position to: i) limit the overall engineering costs of each project; ii) 
develop industrial programming and standardisation of series; and iii) maintain a bargaining power 
with the reactor vendor (Thomas, 1985; Zaleski, 2004). In France, EDF has been able to leverage such 
advantages by maintaining a large engineering department, while German utilities have been relying 
on the engineering services of the reactor vendors, and US utilities – with the exception of Duke 
Power and TVA - have historically been dependent on architect engineers such as Bechtel and 
Ebasco. 

                                                           
5 In the USA, a complementary guarantee against regulatory risk has been introduced in the 2005 Energy Policy 
Act for the first new nuclear projects. Under this scheme a standby insurance for regulatory delays is provided 
for the four first projects: 500 millions for the two first ones and 250 millions for the next two. 
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Different solutions are possible to mitigate construction risk by spreading the risk across different 
parties, or to transfer part or whole of the project risk to the plant vendor. One solution is to associate 
in a consortium, the reactor supplier and eventually the E&C company with the investors and the 
consortium collectively commits to a firm construction price contract, such as that presented in the 
Texas University study on the South Texas nuclear plant project (TIACT, 2005). Such fixed price 
contract would incite vendors and E&C companies to control the manufacturing and engineering 
costs. A more direct solution is a ‘turnkey’ contract which shifts a substantial part of the construction 
risk onto the vendor. In view of initiating a renaissance of the nuclear market, plant vendors might be 
more inclined to bear part of the construction risk than in the past, as it demonstrates their evolved 
new designs and helps build confidence. For instance, AREVA carries the major part of the 
construction risk for the first unit of its EPR design under construction, the Finnish Olkiluoto 3 reactor 
with a total project fixed price of €3.2 billion. 

It is however unlikely that nuclear plant vendors will accept to bear all of the construction cost risk 
through turnkey contracts in the future after the FOAK. Some countries might want to subsidise the 
first new nuclear units by shouldering part of the construction cost risks in order to fasten the re-
learning process of nuclear power technologies. The re-learning cost for the first units could indeed 
deter investment and some argue that government support is necessary to help demonstrate the 
technology. This could be justified by the social benefits that cumulative learning will help to draw in 
the future in terms of avoided CO2 emissions at reasonable cost by next competitive nuclear reactors.6  

2.3 Operating and performance risks 

From the perspective of a financial investor, risks surrounding operation, performance, design and 
construction can be regarded as layers of the same category of risks, as they represent the same 
underlying uncertainty about a successful operation of a given technology and design, particularly 
when a technology has been dramatically improved.  

The extent of technological uncertainty relating to the FOAK depends on whether established designs 
have been used, or whether relatively new designs have been put forward. At the operating stage, this 
may also affect technical reliability. In the case of a nuclear plant, both the considerable complexity 
and highly specific engineering adds to the problem of limited understanding of those risks by 
external investors. In theory, financial investors should demand a very high premium for 
informational asymmetry arising from limited understanding of these risks; in practice, investors may 
be unwilling to assume these risks at all as long as confidence has not been established in the 
performance of the technology. Experience of exchanges of nuclear assets on the US electricity 
industry between 1998 and 2001 shows that creditors did not want to assume any portion of nuclear 
performance risk, even when there is an established track record (Esty, 2002; Scully Capital, 2002).  

As a consequence, contractual arrangements have been developed in different industries to mitigate 
and transfer these risks away from uninformed parties. Performance risk could be allocated to the 
equipment vendor, e.g. through a guaranteed lifetime load factor. In the case of CCGT projects, the 
large vendors (e.g. General Electric, Alstom and Siemens) accept the bearing of performance risks 
during all the lifetime of the plants. In the case of nuclear, the Finnish contract contains provisions for 
the vendor AREVA to assume part of the operating risk: the contract is based on a nominal load factor 

                                                           
6 In the USA for instance, the 2005 Energy Policy Act creates a federal support which includes a provision of 
loan guarantee for the first 6 GWe of nuclear plants ordered before a deadline, as well as a production tax credit 
of $18/ MWh for eight years. These provisions represent a response to these learning costs and risks for the first 
6 GWe of nuclear plants ordered and commissioned before precise deadlines (NEI, 2007). It includes as well as 
a loan guarantee up to 80% of the investment cost if debt covers up this amount, the Department of Energy 
being allowed to issue this guarantee to several projects for a total budgetary envelop of $18.8 billion. 
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market or on other markets where they have vertical subsidiaries or where they could enter in 
consortia with local historic companies. In such cases, corporate finance appears to be the most 
appropriate arrangement to benefit from the strong balance sheets of medium and large companies, 
and from their diversified portfolio of assets (generation plants, businesses). Consequently, they 
benefit from moderate capital cost which helps to limit the cost-price of nuclear kWh.  

In other types of industrial organisation prevailing in markets which have been deeply reformed, there 
exist possibilities to develop nuclear projects in the contractual framework of consumers cooperative 
(on the model of the Finnish EPR project) or with the backing of long-term contracts at fixed price 
with credible parties (historic suppliers, municipalities in particular) as in the South Texas Project 
case, using possibly some form of hybrid-project financing. Banks are reluctant to commit in project 
finance or hybrid finance without strong complementary guarantees at this stage of industrial re-
learning: long-term contracts and turnkey contract in Finland, loan guarantee, standby insurer against 
the regulatory risk and PPAs with credible parties in Texas.  

 

Table 4. The different combinations of risks allocation arrangements and financing 
arrangements on nuclear projects in liberalised and regulated markets 

 

Type of 
reforms 

Decentralised 
market industries 

with IPP 
companies 

Decentralised 
market industries 

Liberalised 
industries with 
large vertical 

companies 

Liberalised 
industries with 
medium-size 

vertical 
companies 

Reference case South Texas Project Finnish plant 
Olkiluoto III 

French EPR 
Flamanville 3 

 
 

UK projects 
US project 

Eastern Europe 
projects 

Allocation of 
construction 

risks 

On Government 
Standby insurance 

Governmental  loan 
guarantee on 80% 

On Vendor 
Turnkey contracts 

On producer On producer 
consortium 

Allocation of 
market risks 
on consumers 

 

PPA with 
municipalities / 

historic suppliers 

PPA with large 
industrial users / 
historic suppliers 

Large base of sticky 
consumers 

Large base of sticky 
consumers 

Structure of 
financing 

Project finance Hybrid finance Corporate finance Corporate finance 

Capital 
structure ratio 

debt/equity 

70/30  75/25 
 

50/50 50/50 

WACC 
In nominal  

9.2%* 
 

5%  
 

9.3 %  
 

NA 

*Assumptions : Normal financing conditions equivalent to those on coal and gas generation projects 
with 12% of Return on equity and 8% of interest rate on debt in nominal and after tax. 

 

Finally, despite the difference in institutional arrangements and financing structures, the variation in 
cost of capital is immoderate under the different cases, unless substantial support is given for new 
nuclear build through risk transfers onto the government or regulator, given that gearing will likely be 
limited to about 50/50 in project finance projects for nuclear plants (Table 4). In the specific cases 
where significant risk is transferred onto governments (as during the re-learning phase in the US),  
there is a substantial advantage with project or hybrid financing schemes that enable higher leverage 
and lower the global project cost of capital. This is typically the case in the South Texas Project for 
which the government loan guarantee allows for a high gearing of 70/30 and a WACC of 9.2%, given 
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that financial investors does not require a risk premium. Nevertheless, a consumers’ consortium with 
creditworthy participants is clearly the most favourable arrangement because it combines the 
possibility to borrow at low rates, to obtain high gearing and to make sponsors not looking for profit 
because they are the direct buyers of the off-take and will not participate to wholesale market, as 
shown by the Finnish project and its low cost of capital of 5%.  

5 CONCLUSION  

The paper discussed the conditions for the development of new nuclear projects in liberalised 
electricity markets based first on a theoretical categorisation of the different types of risks and how 
these could be mitigated and/or transferred away from the investor onto other parties. We discussed in 
particular the different contractual and organisational arrangements that can be used to transfer the 
different types of risk onto the parties best able to mange these risks. Moreover, we showed that 
various contractual and financing arrangements can be envisaged, but that the adequate arrangements 
will largely depend on local specificities including the local industry structure and market reforms, the 
political environment, and the experience of the local utilities, safety and regulatory authorities, and 
other stakeholders. We illustrate how these critical local factors play a large role through four case 
studies. 

The risks specific to a nuclear power investment in liberalised markets – regulatory, construction, 
operation and market risks – can be mitigated or transferred away from the plant owner-operator 
through different institutional, contractual and organisational arrangements. We argue that in 
liberalised markets significant risk transfers from plant investors onto consumers, plant vendor and 
government are needed to make nuclear power project attractive to investors, and bankable for 
lenders. Based on four case studies, we show that there exits a range of consistent combinations of 
contractual and financial arrangements for new nuclear build. The suitability of the different 
alternatives depends largely on factors specific to the industrial organisation of the electricity market 
and the institutional environment which shapes the nuclear policy in one country.  

In the first phase of nuclear re-learning, the likely range of viable contractual and financing 
arrangements appears quite limited. The most likely financing structure will be based on corporate 
financing or some form of hybrid arrangement backed by the balance sheet of one or a consortium of 
large vertically integrated companies. In the perspective of project financing of new nuclear plants in 
liberalised markets, the minimal conditions are loan guarantees by government, and PPAs at fixed 
price for almost all the off-take. Turnkey contract for the FOAK reactors could also provide a 
guarantee during the construction phase followed by refinancing for the plant operation phase.  

During the first phase of nuclear re-learning, banks and lenders are therefore likely to favour 
corporate financing by firms with strong balance sheet, which are able to shoulder a great share of 
risks through a diversified asset portfolio and vertical integration. This implies that countries where 
electricity reform has been partial and which have preserved industrial champions could be the most 
favourable for new nuclear investment.  

This, however, does not exclude nuclear development in countries with a more fragmented industry, 
but more original models for risk pooling and/or risk transfer are likely to emerge in such countries, 
such as consortium of consumers and suppliers with original arrangements to lower the cost of capital 
and increase leverage as presently seen in Finland, or else a consortium of specialised nuclear 
producers (as British Energy in the UK) and large consumers. 

The four case studies highlighted that there remain many critical factors specific to a country 
industrial and regulatory environment and its electricity reforms, such that the reproducibility of some 
current innovative approaches such that the consortium of industrial users in Finland or the 
“merchant” project in Texas backed by federal loan guarantees can be questioned. There is not a 
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“once-and-for-all” contractual and financing arrangement for investing in capital-intensive 
equipments with risks as specific as nuclear plant in liberalised markets. The adequate combination of 
contractual and financing arrangements will likely be determined on case by case basis depending on 
the specific local industrial organisation, the market position of the investing company and the 
institutional environment prevailing in the country. 
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