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Abstract

The back end of the fuel cycle is an area of economic risk for utilities having nuclear power plants to
generate electricity. A cost-benefit analysis is a method by which utilities can evaluate advantages and drawbacks
of alternative back end fuel cycle strategies. The present paper analyzes how spent fuel management can
influence the risks and costs incurred by a utility over the lifetime of its power plants and recommends a
recycling strategy.

1. INTRODUCTION

Our industry is facing a changing world. Markets are pushing power companies (utilities) to
be more reactive. Payout times are becoming shorter while customers are likely to quickly swap from
one power company to another depending on their price appreciation.

Despite this apparent volatility, investors are also evaluating power companies for their ability
to resist external factors such as energy price changes, regulatory changes or public acceptance.
Nuclear electrical power generation is specially concerned. Actually, even if profitability is good, the
value of a utility is appraised for its policy versus industrial, environmental, economic and political
risks. The back-end of the fuel cycle is one of the most sensitive issues in this matter.

A cost-benefit analysis approach can allow utilities to balance advantages and drawbacks of
committing themselves to a long term spent fuel management policy.

The present paper analyzes how spent fuel management can influence the risks and the costs
incurred by a utility over the life time of its power plant(s), and what kind of benefit it can gain from a
recycling strategy. It is a qualitative view from a fuel cycle company and thus has the limited purpose
of offering a contribution to the solution of this difficult question.

2. BALANCING COST BENEFITS

The paper considers the situation of a utility in the position to engage in a long term spent fuel
management plan.

The lifetime of a nuclear power plant is 40 years and more. Many utilities are asking their
safety authorities for lifetime extension licenses. The operational feed back of nuclear plants
demonstrates the possibility for such long-term operation, which will improve shareholders' return.

Consequently, nuclear power plants operators need a long-term plan. This must include a long-
term spent fuel management policy. This plan is needed to justify the technical and economical needs
for committing to a fuel purchasing and a back-end policy over the lifetime of the nuclear power
plants.

2.1. Decision making

Utilities have different options for the management of their spent fuel: the position of "wait and
see" (W&S) i.e. postponing any decision until interim storage space is no longer available in the spent
fuel pool, or a back-end strategy of either direct disposal (DD) or reprocessing/conditioning/recycling



(RCR). These strategies have very different potentials and consequences. When the legal and political
environment allows a choice, any solution must be assessed using a cost-benefit analysis approach,
leading to a contribution to the kWh cost, which should be reasonable, i.e. acceptable for the
customer, in the increasingly competitive environment.

2.2. Benefits from moving spent fuel away

Moving spent fuel away from the reactor site is the first operational step towards a back-end
strategy. It is useful to examine what the benefits are for the utility.

2.2.1. Avoiding early reactor shut down

After the minimum cooling period in the reactor pool, the spent fuel can be shipped from the
reactor site. For a typical PWR, each shipment of one fuel element generates storage space in the pool
corresponding to more than one week of reactor operation. Doing that regularly reduces the risk of
spent fuel accumulation and gives the operator planning flexibility.

This benefit may be viewed as trivial but current events show that it is an actual one. The
recent example of some German reactors is typical: should the reprocessing contracts be interrupted,
some reactors would have to shut down due to the lack of storage capacity. More and more US
reactors are at risk of shut down due to lack of space in the spent fuel pool.

Even when space is available, the perception that the utility is not in a position to propose a
sustainable solution may convey a negative image to the public and the Authorities. On-site interim
storage might be requested, if spent fuel is not moved in a timely fashion. Interim measures induce
extra costs due to the lack of anticipation and to additional regulatory constraints. These may also
adversely impact the plant life extension procedure and lead to early reactor shutdown.

The benefits of permanently available space in the fuel pool can be calculated based on the
likelihood of these schemes. This space is valuable to maintain the ability of the reactor to produce
low cost electricity during its remaining lifetime and consequently has a positive effect on the power
company's assets.

2.2.2. Anticipating regulatory change

International recommendations on environmental protection and safety standards aim for a
smooth and rational implementation of nuclear energy. But locally, and for less rational reasons, more
stringency in on-site and off-site regulation is always possible. Transportation and licensing
conditions of today are very unlikely to be the same in the future. Many transports carried out in the
past, albeit safely performed, may not be possible now at the same conditions and costs. Current
interim storage licenses may in the meantime become obsolete. This continuous trend toward
increasing stringency in regulations may induce unexpected expenses.

Rejecting the W&S strategy and adopting a real back-end fuel cycle strategy is a way to avoid
the impact of future more severe regulations, as well as complying with the present authorizations.
The evaluation of this benefit must take into account the evolution of nuclear regulations in a given
country and forecast how these changes may be integrated into operating costs of nuclear power
plants.

2.2.3. Reducing the decommissioning liabilities

The guarantee that the spent fuel will not be stored at the reactor reduces the risks of delays
and cost overruns when the site has to be decommissioned. The spent fuel represents the major part of
the radioactivity created over the life of the reactor. In many countries including France, when



operators present their decommissioning plans to safety Authorities, the first stage examined is the
complete spent fuel evacuation. After reactor shut down, this is a primary technical obligation before
beginning any decommissioning activities. Maintaining large quantities of spent fuel on site require
handling an important radioactivity level over time, which keeps operating costs high when the
reactor will no longer get revenues from electricity production.

Any strategy consisting in removal of spent fuel as soon as possible adds benefits: a sizable
decrease of the overall decommissioning costs and the corresponding contingencies and provisions
included in the kWh rates.

2.3. Benefits from a recycling strategy

The previous considerations strongly suggest that the sooner the decision to take care of the
spent fuel the better, in a cost/benefit analysis view. But at this point, one can still select, if available,
between the DD and the RCR solutions. Some additional benefits can be obtained by selecting the
RCR strategy as described in the following subsections.

2.3.1 Cost predictability

To face the upcoming deregulated market for electricity supply, power companies have to
further enhance their competitiveness. Utilities bidding especially on the base-load electricity market
have expressed their main criteria for competitiveness: low prices, flexibility and predictability. The
latter applies particularly to back-end costs that are spread over a long period of time.

There is an increasing trend that both the public and the Authorities apply the polluter pays
principle. Doubtless, that this principle will be implemented and utilities will have to take a stand
regarding the fuel cycle back-end. Postponing actual expenses increases risk concerning retrieval or
clean-up investments, as well as associated operating costs, even if money is saved in a dedicated
fund over the operational life of the reactor. Were the costs under estimated, additional emergency
payments would be needed.

Adopting a strategy where economics are well controlled will eliminate unnecessary cost
overruns. The recycling industry has accumulated extensive industrial experience operating its
reprocessing plants. At La Hague-France, COGEMA operates a 1,600-t/year nominal capacity plant
for various customers. Wastes are conditioned in accordance with national and international safety
standards. Valuable materials, reprocessed uranium and plutonium, are converted into new fuel
elements. FRAGEMA, a joint venture of FRAMATOME and COGEMA, has supplied 1228 MOX
assemblies into nuclear power plants located in France, Germany and Belgium. COGEMA has been
operating the MELOX MOX fuel fabrication plant since 1995 with a demonstrated capacity of 100
tHM/year.

By adopting the RCR strategy, utilities get an additional benefit: this option allows operators
to better control their costs; there will be no need to include in the production cost any additional risk
or large contingency provisions. So they will be more competitive on the market for base-load
electricity supply, which often includes clauses for insuring long-term supply together with low
guaranteed prices. The evaluation of this benefit is strongly dependent on the situation of the utility
on its own electricity market.

2.3.2. Hedging future uranium price variations

There is no doubt that uranium resources are limited at least while the Fast Neutron Reactors
are not implemented. Uranium demand will then become more active with time and although its
availability is guaranteed for decades, prices may increase. Unpredictable fluctuations are a drawback
for companies that are not in position to insure their supply beyond the short term. The RCR strategy



includes the continuous property of reprocessed uranium and plutonium. Utilities can get 20 to 30%
more energy from their uranium purchases by recycling these materials, thus becoming less dependent
on the raw material market.

It is possible for a utility to identify the benefit of long-term nuclear fuel availability provided
by the RCR strategy by adding a new and reliable source of supply in its own long term fuel
procurement plan. Investing in recycling today is a premium for the diversity of supply of tomorrow.

There is another kind of benefit that is indirectly linked to utilities' activities. It may be more
difficult to calculate them but a significant part of these benefits remains in the global credit of the
utilities.

3.1. Preparing the next nuclear power generation

Utilities are more and more asked for justification and explanation whatever they propose to do.
This is mainly due to the closer interactions between safety authorities and public opinion. The back-
end issue is one of the most examined. Any action demonstrating that this issue is properly handled
provides a global credit towards the company, as well as the whole nuclear industry. This credit is
gained facing safety or administrative authorities while arguing in favour of a demonstrated back-end
solution. The evidence of waste volume reduction and the control of well-known and reproducible
specifications included in the RCR strategy facilitates the demonstration. Referring several foreign
safety authorities having approved the products delivered by existing plants should support
discussions with national authorities and reassure public opinion.

The demonstration of correct handling of the fuel cycle back-end through RCR gives the
utilities a positive asset. It will be a very high value when the construction of a new generation of
nuclear power plants is requested by future energy demand and environmental concerns.

3.2. Contributing to plutonium management

Last but not least one should recall that the operation of nuclear power plants naturally
produces and burns plutonium. Such material contains a very high energy content. Disposing of that
material as a waste is therefore uneconomical. Moreover, plutonium stockpiles in the form of spent
fuel may cause public concerns due, for instance, to its inherent high radiotoxicity. This can
jeopardize the image of the nuclear industry and may induce irrational behaviour within the public.
Utilities selecting the RCR strategy contribute to the global plutonium management: its use for energy
purposes.

Included in the list of benefits is a contribution to the improvement of the nuclear image
which facilitates the development of nuclear energy. Such benefit is credited to the nuclear
community and increase its global profitability.

4. CONCLUSION

The proposed cost benefit analysis confirms the advantage of a recycle option for power
companies involved in nuclear electricity generation. For them, the list of benefits has to be compared
with the commercial cost of a recycling contract, which can be firmly established. Each utility for its
peculiar situation can calculate the impacts of the benefits previously mentioned, with its own
assumptions and its own appreciation of risks. One can anticipate that in many cases the result will
give at least several mills per kWh rates, which is lower than the cost of the back-end of a closed fuel
cycle as estimated by the OECD/NEA [1].

The fuel cycle strategy can also be considered from the perspective of independent investors
when considering the possibility of buying shares of electricity generation companies. The



opportunity to invest in a private nuclear company is examined in Reference 2. Regarding spent fuel
management, minimizing back end risk by contracting forward and having a game plan for the back
end is clear. Such cost/benefit analysis can be a useful tool for value evaluation. The present or
potential investors may favour utilities that are able: (1) to relieve their operation planning, (2) to
mitigate the risks of production losses; and (3) to reduce long-term liabilities and improve utilization
of assets, by using the recycling strategy.
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