
TR0700376

13th International Conference on Emerging Nuclear Energy Systems June 03-08,2007, Istanbul, Türkiye

EXERGY ANALYSIS OF A SYSTEM USING A CHEMICAL HEAT PUMP TO LINK A
SUPERCRITICAL WATER-COOLED NUCLEAR REACTOR AND A

THERMOCHEMICAL WATER SPLITTING CYCLE

Mikhail Granovskii, Ibrahim Dincer, Marc A. Rosen and Igor Pioro1

Faculty of Engineering and Applied Science, University of Ontario Institute of Technology
School of Energy Systems and Nuclear Science, University of Ontario Institute of Technology

2000 Simcoe Street North, Oshawa, Ontario, Canada, L1H 7K4
E-mails: ibrahim.dincer@uoit.ca; marc.rosen@uoit.ca; igor.pioro@uoit.ca

ABSTRACT
The power generation efficiency of nuclear plants is mainly determined by the permissible
temperatures and pressures of the nuclear reactor fuel and coolants. These parameters are limited
by materials properties and corrosion rates and their effect on nuclear reactor safety. The
advanced materials for the next generation of CANDU reactors, which employ steam as a coolant
and heat carrier, permit the increased steam parameters (outlet temperature up to 625°C and
pressure of about 25 MPa). Supercritical water-cooled (SCW) nuclear power plants are expected
to increase the power generation efficiency from 35 to 45%.

Supercritical water-cooled nuclear reactors can be linked to thermochemical water splitting
cycles for hydrogen production. An increased steam temperature from the nuclear reactor makes
it also possible to utilize its energy in thermochemical water splitting cycles. These cycles are
considered by many as one of the most efficient ways to produce hydrogen from water and to
have advantages over traditional low-temperature water electrolysis.

However, even lower temperature water splitting cycles (Cu-Cl, UT-3, etc.) require a heat supply
at the temperatures over 550-600°C. A sufficient increase in the heat transfer from the nuclear
reactor to a thermochemical water splitting cycle, without jeopardizing nuclear reactor safety,
might be effectively achieved by application of a heat pump which increases the temperature the
heat supplied by virtue of a cyclic process driven by mechanical or electrical work.

A high temperature chemical heat pump which employs the reversible catalytic methane
conversion reaction is proposed. The reaction shift from exothermic to endothermic and back is
achieved by a change of the steam concentration in the reaction mixture. This heat pump, coupled
with a SCW nuclear plant on one side and thermochemical water splitting cycle on the other,
increases the temperature level of the "nuclear" heat and, thus, the intensity of the heat transfer to
the water splitting cycle.

A preliminary exergy analysis of the proposed heat pump is conducted and a coefficient of
performance (COP), taking into account a decrease in electricity generation in the nuclear power
generation cycle, is evaluated. The calculated per unit mass flow heat supply rate to the
thermochemical cycle increases by a factor of 3 to 5 depending on the steam temperature. A
combined system comprising a SCW nuclear plant, a chemical heat pump and a lower
temperature UT-3 thermochemical water splitting cycle is presented. Despite a decrease in
electricity generation, the calculated exergy efficiency of hydrogen production in the considered
system appears to be competitive with that for low temperature water electrolysis.
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