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ABSTRACT
Further advances in nuclear energy system design can broaden the opportunities for the use of
nuclear energy. To explore these opportunities, several countries are involved in a forum on the
development of next generation nuclear energy systems known as "Generation IV". Six concepts
have been chosen by the forum, to be studied. The Very High Temperature Reactor (VHTR)
offers perspectives for producing electricity and hydrogen with high efficiencies. Nuclear
production of hydrogen by thermochemical means is one of the prime candidates for powering
the hydrogen economy without producing green house gases. Among them, the Sulphur-Iodine
(S-I) thermochemical cycle appeared well fitted with the VHTR, due to the temperature needed
for the decomposition of the sulphuric acid. It was invented in the 1970's and it benefits from a
revival of interest in the framework of Generation IV.

In the last past years, assessments of the S-I process, coupled with a VHTR have been carried
out. It appeared that these assessments have to be considered, looking with a particular care to the
recommendations of the Generation IV crosscutting economics group [1]: a Generation IV
system will:

1. Have a clear life-cost advantage over other energy systems.
2. Have a level of financial risk comparable to other energy projects.

The experience gained from techno-economic studies [2, 3] which consider the S-I cycle,
indicates that the choice of alternatives cycles to the S-I one must be driven by ̂ he characteristic
of a previously selected nuclear reactor, mainly the temperature at the nuclear core outlet.
Moreover, the net efficiency of the thermochemical cycle must be higher than a reference value
defined from the alkaline electrolysis fed by the electricity produced from the selected reactor.

Besides, the technical feasibility of the thermochemical processes is not yet established and the
production cost of hydrogen from these processes is the result of the sum of several cost factors
which are not sufficiently known at present, but can be expressed through the use of fuzzy sets.
The main costs factors would be: investments, raw elements, energy and maintenance costs. The
competitiveness of a thermochemical cycle by around 2030 needs to be assessed by estimating
the production cost of 1 kg of hydrogen, taking into account the uncertainty linked to the cost
factors.
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