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Abstract

Nuclear energy has unique assets to meet the requirements for a sustainable development in terms
of economic competitiveness, environmental friendliness and natural resources saving. Future
nuclear system studies conducted by the CEA aim at investigating and developing promising
technologies for the medium and the long term for reactors, fuels and the fuel cycle to make
nuclear power eligible as one of the major energy sources of the sustainable development. It also
aims at maintaining at the best possible level the expertise and the technologies that the CEA will
be able to bring to future national and international projects likely to meet market needs in the
next decades, which are still uncertain both in terms of performances and time scale.
Progress for future nuclear systems is principally sought in the following areas :

- reinforced economic competitiveness against other available electricity generation
means, with a special emphasis put on reducing the investment cost
- enhanced safety, especially through an increased resistance to core damages in case of
severe accident, and whenever possible by dedicated strategies to exclude core melting
- cleanliness through minimising the production of long lived radioactive waste
- resource saving through an optimum utilisation of the available resources of fissile and
fertile materials
- enhanced resistance to proliferation risks
- potentialities for other applications than electricity production (production of
hydrogen, sea water desalinisation...)

The recycling of nuclear materials appears as a prerequisite for minimising long-lived radioactive
waste and for utilising efficiently all available fissile and fertile nuclear fuels. Significant progress
towards these objectives and also for opening new applications of nuclear power, call for
breakthroughs beyond light water reactors towards hardened neutronic spectra and high
temperatures.



Among the candidate options, that of high temperature gas cooled reactors with a hard neutron
spectrum core with refractory fuel possibly compliant with on-site processing, re-fabrication and
recycling, will be considered in priority. The main R&D axis for this long term objective partly
builds upon possible adaptations of the high temperature reactors to develop "high efficiency gas
cooled systems". Making use of gas turbines, which gave the fossile fuel plants a decisive gain in
efficiency and competitiveness would endow future nuclear systems to also benefit from the same
advanced conversion technology. The hard neutron spectrum assures a highly efficient "nuclear
combustion" capable of burning a wide variety of transuranic and fertile nuclides. Other relevant
technologies include refractory fuels with a high confinement capability, integrated spent fuel
processing techniques, and component technologies of high temperature gas circuits.

Other reactor technologies, which are the subject of significant research abroad, are being
assessed in the framework of existing international collaborations and research networks.

The potential assets of hydrometallurgical and pyrochemical processes for the different types of
fuel considered are being assessed with a view to selecting the most appropriate options for the
next generation spent fuel processing techniques, taking into account the advantages of on-site
processing techniques for minimising transports of nuclear materials, and also the requirement
that the process be applicable and efficient for all transuranic elements.

The capability of the considered technologies to meet also the requirements for systems dedicated
to transmutation, leads to a strong synergy between both fields of investigation (including ADS).

This research will significantly benefit from an active international collaboration, through the
European framework programme and networks of nuclear organisations, through an active
participation in the Generation IV international forum set-up by the US/DOE, and through
bilateral collaborations with the US/DOE, Japan and Russia.

Besides the long term oriented research on innovative reactor concepts, CEA aims at maintaining
a strong R&D activity on light water reactors, not only to support the operation of the present
generating facilities, but also to achieve constant progress in the fuel and reactor technologies
likely to be implemented in the next decades in future industrial projects with Framatome. The
main effort in this field is presently focussed on advanced plutonium fuels intended to make
multiple recycles of plutonium in pressurised water reactors technically feasible and economically
acceptable, so as to possibly reuse the plutonium of spent Mox fuels in present reactors and thus
minimise the stocks of "dormant" plutonium without clear destination, which is likely to
ultimately stored in the geological repository. Other subjects of innovative research including
very high burn-up fuels, modular reactor concepts and risk informed design simplification
presently need to be strengthened through strategic partnership with Framatome and other
national and international partners.

Some technologies appear to be of generic interest and key to research and development for all
kinds of nuclear systems considered for the future. Such are metallic, ceramic and composite
materials resisting to high temperature and high fast neutron fluences, as well as partitioning
technologies by hydrometallurgy and pyrochemistry. Essential also is the necessary effort in



fundamental research and modelling in order to guide the research on innovative concepts for
fuels, structural materials and spent fuel processing techniques. The effort of physical modelling
and numerical simulation also includes extending the capability and the validation of existing
computational tools to be applicable to innovative concepts and to investigate their behaviour,
particularly in complex transient and accidental situations.

The increasing power of simulation and the transposition of proven solutions from outside the
field of nuclear energy do not yet allow to work without large technological demonstration
facilities.lt will be necessary by about 2010-2015 to have new irradiation tools with a high fast
flux level, as well as a good availability, in order to qualify innovative materials, fuels and
structures. Even though the development and qualification of the fuel must increasingly be based
on numerical simulation, fast neutron irradiation tools with high flux levels are key resources for
the development of advanced materials and will have to be planned and used within the
framework of European and even world-wide programmes.

The time for development, technological validation and industrial prototyping of the different
innovative systems mentioned above is highly variable. It must be compared to the lifetimes of
the current international power plants and their successors, in order to make plans for
implementing advanced systems more realistically.


