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Economics of nuclear energy in the European Union

Independent studies1 show that nuclear power can be a competitive source of
energy in the European Union as well as in North America and Japan. In the EU,
its competitiveness, while varying greatly, has already been demonstrated for
example in the Nordic pool where it operates fully within the existing market
mechanisms.

Nuclear operators are continuing to operate their existing nuclear plants
economically and also some of them have plans to build new units in a fully
liberalised market (case of Finland). Still, for European countries with access to
hydropower resources and/or for regions where there is a direct access to low-cost
fossil fuels, this prospect is less likely.

The recent steep increase in the price paid by utilities to acquire nuclear plants in
the USA2 indicates that existing nuclear is deemed competitive and therefore
attractive to investors. Proponents argue that nuclear must continue to have its
place in the EU energy mix because of its favourable economics, its environmental
benefits, its reliability, and its negligible risks when it comes to fuel security.

The following table gives figures gathered by third-party experts (see footnote
below) on current and future nuclear build (all costs included, including back-end).

Typical figures Existing nuclear
plants
fully amortised

Existing nuclear
plants including
capital cost3

New nuclear plants
Including capital cost4

€/MWh 12 – 16 18 - 31 245 – 266 – 307

The cost of a nuclear MWh depends upon a number of factors, which differ –
sometimes greatly – from one country to the other, even at the EU level.

1 See footnote 5/6/7 for references.
2 For instance, early 2000, prices paid for 1 nuclear kW/year oscillated between 1 and 2 US $. This
figure reaches more than 25 US $ for transactions announced from mid 2000 onwards.
3 The difference is due to specific local conditions and degree of amortization.
4 Figures show that the measures aimed at reducing all costs have been successful.
5 Study performed at Lappeenranta University of Technology on “Nuclear Power least-cost option
for base-load electricity in Finland” May 2001.
6 Study performed by Professor Voss, Institute of Energy, “Economics and the rational use of
Energy”, University of Stuttgart, in “The Ability of the Various Types of Power generation to
Compete on the Liberalised market”. 2001.
7 Ampere report, Belgium, October 2000.
Hypotheses: Depreciation: 30-40 years - Load factor 8500 h/a - Discount rate: 5%.
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These key factors are:
- expected return on investment,
- plant design (i.e., higher seismic protection in certain countries),
- programming effect (fleet standardisation, number of units, and

implementation schedule),
- outage duration (planned or unplanned shut-down of a reactor, for

refuelling, inspection, repair or maintenance),
- level of regulatory requirements,
- plant life,
- tax levels,
- waste management fees…

Last, while markets work on the basis of short-term criteria, nuclear has to be
judged on longer terms due to the higher initial capital investment required.
Returns will therefore need to accrue over a longer period in order to ensure
profitability.

1. Economics of nuclear energy: existing plants

Listed below are the main factors influencing electricity cost for existing nuclear
plants.

∗ Fuel cost

Fuel costs represent in all cases less than 20 % for nuclear8. Those 20 %
include all the technical steps related to the nuclear fuel cycle (mining,
conversion, enrichment, fuel fabrication, spent fuel management, transport,
waste management and disposal)9. Even if natural uranium prices have stayed
at low levels over the past decade, fuel costs differ from one country to another
due to the fact that some utilities favour low-priced but short term spot
contracts, while others prefer more stable, longer-term contracts (take or pay).
In the latter case, utilities pay a premium to secure such contracts, therefore
increasing the fuel cost in the nuclear kWh. However, calculations show that
even if the price of uranium doubled, the nuclear electricity tariff would increase
by less than 5 %.

∗ Fleet standardisation

Experience shows that standardised basic design and serial production greatly
lessen costs, both for construction and operation (economies of scale effect).

8 By contrast, fuel costs currently represent more than 60 % of the kWh generated by gas-fired
plants.
9 At least three quarters of the fuel cost is due to enrichment and fabrication.
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For instance, the French nuclear programme has benefited from the largest
nuclear standardisation programme ever, conversely to the United States
where some of nuclear power plants are “first-of-a-kind” models. Yet, several
studies point out that the construction cost of nuclear units tends to stabilise
from the fifth unit of the same model built. Any new nuclear programme would
benefit from this standardisation effect which could lead to further international
co-operation, notably for new modular reactor programmes.

∗ Operation and maintenance

Nuclear reactors are primarily designed to operate in base-load mode10 with a
high load factor11. The higher the capacity factor, the more profitable the plant
is. Over the past two decades, average capacity factor for nuclear plants has
greatly improved world-wide, resulting in an increased availability of nuclear
power. For instance, the average capacity factor in the EU is more than 80 %,
contributing significantly to the competitiveness of nuclear power plants.

Higher capacity has in part been achieved, thanks to more comprehensive
planning and innovative management techniques, reducing, the time that
nuclear power plants are out of service for refuelling and maintenance.

Last, in order to maximise their investment, many utilities are further enhancing
the competitiveness of the nuclear units by increasing their electrical output.
This can be done by replacing equipment (steam generators…), by upgrading
some parts of the plant (turbine rotor packages…), or by fine-tuning the
management of the plant by staff. For instance, Spain aims to increase its
nuclear capacity by 600 MWe by 2003 through upgrading six of its nine
reactors by up to 15 %.

∗ Internal and external costs

All significant costs are taken into account when calculating the cost of the
nuclear kWh. The internal costs include the entire fuel cycle costs from the very
beginning (uranium mining) to the very end (waste management and disposal,
decommissioning and dismantling).

The external costs (or externalities) are the costs imposed on society and the
environment. For instance: damage to the environment, such as effects of air
pollution, occupational disease… Residual externalities are very small for
nuclear energy.

10 Base-load is the minimum amount of electric power delivered or required over a given period of
time at a steady rate.
11 Capacity factor is the ratio of actual electricity production over the maximum possible generation
for a given period of time, usually on an annual basis.
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The cost of producing electricity from using fossil fuels would greatly increase if
external costs were taken into account in EU countries. This is confirmed by
the ExternE study, recently published by the European Commission. ExternE
gives the following external costs (Euro cents per kWh) for several EU
countries:

- Belgium: 4-15 for coal and lignite / 1-2 for gas versus 0.5 for nuclear.
- France: 7-10 for coal and lignite / 2-4 for gas versus 0.3 for nuclear.
- Germany: 3-6 for coal and lignite / 1-2 for gas versus 0.2 for nuclear.
- United Kingdom: 4-7 for coal and lignite / 1-2 for gas versus 0.25 for

nuclear.

∗ Taxation and regulatory requirements

Another factor that contributes to disparities when comparing the cost of the
nuclear kWh from one country to another, is the existence of specific taxation,
specific fees paid to regulatory authorities and fees accumulated for
decommissioning of nuclear facilities and current and future handling of nuclear
waste.

For instance, in Sweden, a very special fiscal tax, on top of the above-
mentioned usual fees, applies to the production capacity, not on actual
production. This tax represents some 15 % of total nuclear power generation
costs and reaches 0.28 € cents per kWh, the highest rate in the EU. Other
taxation schemes are in place in Germany, in France, and in the UK.

Regulatory requirements also impact on the final cost of the nuclear kWh. For
instance, the cost of the nuclear kWh can be affected by the long and
frequently uncertain duration of the licensing process. Conversely, an efficient
and streamlined licensing process, closely involving regulators and operators,
can further enhance the competitiveness of nuclear power, notably by
providing clear and updated timetables for the utility whether the plants are
existing or are yet to be constructed.

∗ Nuclear plant life extension

In light of the current competitiveness of nuclear energy, many utilities are
engaged in a process aimed at extending the operating life of their nuclear
fleets. Originally, nuclear plants were designed for a 40-year term,
corresponding roughly to or exceeding the amortisation period for large
projects as planned by utilities.

However, decades of positive and safe management show that most of nuclear
plants world-wide will be able to operate safely over a much longer period (60
years or more), through new investment for equipment replacement and re-
engineering.
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The decision to extend lives of nuclear plants has already been made by
utilities competing in a liberalised market in the EU and in the USA. For
instance, Sweden’s oldest reactor, Oskarshamn 1, which started operation in
1972 with a capacity of 465 MW, has been totally rebuilt and its capacity
increased to 485 MW. The production cost will be competitive with new-built
nuclear reactors.

∗ International co-operation

International co-operation, exchange of technical and management information
between nuclear plant operators over the past decade has also led to genuine
improvements in the safety and reliability of nuclear plants world-wide. The
overall competitiveness of nuclear plants has benefited from this plant to plant
co-operation, known as twinning, by allowing a large number of utilities to
emulate the best technical and managerial practices in use all over the world.
Even in a competitive market context, both operators and investors could share
experience, fleet standardisation and mitigate market risk on new investments
through cooperation.

2. Economics of nuclear energy: future build

The ability of nuclear energy to operate in a competitive market, plus the need
to deal with issues such as energy security and climate change, are leading a
growing number of private utilities world-wide to envisage investing in new
nuclear units.

In addition to the ones analysed for existing plants, four extra criteria apply
when assessing the competitiveness of new nuclear build.

∗ New designs

As of today, the nuclear industry together with the research community is
working on several development of existing nuclear reactor designs for the
immediate and longer-term future. These projects encompass different nuclear
technologies (Light Water Reactors / Heavy Water Reactors / High-
Temperature Gas-Cooled Reactors) with output ranging 110 MWe to 1500
MWe. Various countries are engaged in these technological endeavour:

- Europe: EPR in France/Germany, EP1000 in the UK, SWR 1000 in
Germany, BWR 90+ in Sweden, V-407, V-392, VVER-91and 92 in
Russia…

- North America: ABWR, ESBR, System 80+, AP-600, and AP-1000,
GT-MHR in the USA, Candu-9 in Canada…

- Asia: ABWR and HHTR in Japan, HTR-10 in China…
- South Africa: PBMR…
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For some designs of nuclear reactors, e.g. AP-600, AP-1000, developing
higher capacity units can achieve economies of scale. On the other hand, there
is also an interest in the development of smaller-scale plants, which involve a
smaller initial capital outlay (attractive option for investor); their output is better
matched to demand variation. Such smaller reactors units can be replicated to
meet higher output requirements.

These projects are at various stages of preparation: some are already in
service, some are ready for commercialisation, and some are at the blueprint
phase (advanced or not).

Whatever their differences in terms of design, type of fuel and coolant or power
output, these projects share similar objectives in terms of economics.
Designers are putting the emphasis on reduction of capital costs, reduction of
construction period and costs, higher availability and longer operating life,
higher burn-up to reduce fuel use, better and easier operability, even higher
safety…

All these factors are taken into account for the new generation builds. While
projected costs are different depending on the design, current forecasts show a
real decrease in nuclear kWh cost. For instance, projected generating costs
can vary between 0.03 € per kWh for the Canadian design CANDU-9 and less
than 0.02 € per kWh for the South African PBMR.

∗ Capital cost & discount rates

Nuclear is characterised by its high capital cost12 (more than 50 % of the
nuclear kWh) when compared with other energy options. Capital costs are
greatly influenced by discount rates13 on which nuclear kWh is based. Usually,
direct financing contribution by utilities or plant owners is rather low. Utilities or
plant owners therefore rely on the financial market to cover capital costs.

Today, discount rates for power plants or large industrial projects range from 5
to 15 % depending on the country, the project, and the financial market
situation. For instance, the proposed new Finnish nuclear reactor is based on a
5 % real interest rate per year. However, sensitivity analyses show that nuclear
energy maintains its competitive position in Finland even when the real interest
rate is varying up to 10%.

12 Capital cost is defined as the expenditure incurred in the construction of new buildings and the
extension or refurbishment of existing buildings. It includes the cost of construction works and
associated professional fees, but excludes site purchase and letting costs.
13 Discount rate: discount affecting the present value one is willing to pay for a future income.
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∗ Construction period and costs

Duration of construction periods and construction costs are also key factors
when assessing the cost of the nuclear kWh. The shorter the construction
period is, the quicker utilities will get a return of investment and be able to
compete in a competitive market. In the past, higher plant costs have
sometimes resulted from longer construction periods (for technical reasons or
for legal issues such as variation in public enquiries), therefore increasing the
cost of capital. On the other hand, the new-generation 1300 MWe Japanese
reactors were built in a little over four years (compared to 5-7 years normally),
reinforcing their competitiveness. As far as construction costs for nuclear
reactors are concerned, they have fallen over the past decade in most
developed countries. Currently, such costs would reach 1,627 € per kW in the
United States, while the last nuclear unit built in the United Kingdom (Sizewell
B) neared 4,518 € per kW14. It is expected that the construction period and
costs of new nuclear plants design will follow a decreasing pattern. For
instance, designers of the PBMR, AP-1000, and GT-MHR units are aiming at
the 1,131 € per kW15 threshold for construction costs.

∗ International co-operation

New reactor design is an area where international co-operation plays a key
role. Several programmes have been launched, at regional and international
levels, aiming at establishing the next generation of nuclear power plants.
These programmes may differ by their membership, organisation or budgets
but have similar aims:

- identifying the most promising concepts with regard to a wide ranging
set of criteria (low cost, enhanced safety, optimised waste management,
better non-proliferation, public acceptance…),
- assessing the required R&D means to reach the above-mentioned
objectives.

For instance, Generation IV (G IV) is working on modular, flexible and
intrinsically safe reactors that will be able to supply electricity at a cost of 0.03 €

per kWh. Major nuclear industrial actors are engaged in those international
efforts, demonstrating the interest of public and private utilities in the
development of new, standardised and more economical nuclear plants. The
two main forums currently working on these new projects are:

- INPRO under the aegis of the International Atomic Energy Agency16,
- G IV under the aegis of the United States’s Department of Energy.

14 Both figures as of 28.11.2001.
15 1,000 US $.
16 International Project on Innovative Nuclear Reactors and Fuel Cycles.


