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INTRODUCTION

There is a growing international effort to develop a
hydrogen (H,) economy. However, a “chicken and
egg” problem exists. Inexpensive H, creates a mass
market, but a mass market is needed to create
incentives to develop cost-efficient H, production
techniques. A nuclear-H, application is proposed
that may bypass this difficulty by using H, for peak
electricity production and commercial sales.

HYDROGEN PRODUCTION

The leading methods [1] for low-cost, large-scale
H, production are thermochemical processes using
nuclear heat. These processes involve a series of
chemical reactions in which the net result is that
high-temperature heat and water produce H, and
oxygen (O,). Various studies project
thermochemical H, production costs as low as
60% of those for electrolysis—assuming 50% heat-
to-H, conversion efficiency. The characteristics of
H, production in general and thermochemical H,
production specifically imply large economies of
scale. The scaling factor for the nuclear-H, hybrid
thermochemical process has been recently estimated
by Westinghouse [2] at 0.54; that is, when plant size
is increased by a factor of 4, the capital cost per unit
of capacity is only 53% of that for the smaller
facility. A large plant [3] would require 2400 MW(t)
of energy. Furthermore, past experience in the
chemical industry with high-temperature processes
indicates that varying the rate of production on a
daily or weekly basis is usually not feasible. Thermal
transients in high-temperature equipment greatly
shorten the lifetime of such equipment; thus, it is not
economically practical to continuously change
production levels. Therefore, economic nuclear H,
will likely require large plants producing H, on a
continuous basis.

INTERMEDIATE AND PEAK ELECTRICITY
PRODUCTION

The demand for electricity varies daily, weekly,
and seasonally. As a result, the market price of
electricity varies by an order of magnitude as a
function of time. The variability of the price of
electricity creates the potential for a large nuclear-H,

market aimed at producing electricity at those times
of day when the price of electricity is at its
maximum. A peak electricity production system
(PEPS) using nuclear H, consists of three
components (Fig. 1):

A nuclear power plant with an associated
thermochemical plant that produces H, at a
constant rate.

 One or more underground caverns for the low-cost
storage of H, and O, (optional). Underground
caverns are the traditional approach for the low-
cost storage of natural gas to meet variable
demand. In countries such as Great Britain,
caverns have been used for many decades for the
low-cost storage of H,.

* Large banks of fuel cells to convert H, to
electricity during periods of higher-priced
electricity. For every megawatt of steady-state H,
production from the nuclear reactor, there would
be several megawatts of fuel cells.

The economic feasibility of PEPS is based on the
projected higher capital costs of nuclear-H,
production systems relative to those for fuel cells.
Capital costs for nuclear-H, plants are projected to
exceed $1000/kW(e) equivalent in H,. The goal [4]
of fuel-cell developers is to reduce the capital cost for
H, fuel cells to less than $100/kW(e) with
efficiencies of —70%, compared with -$500/kW((e)
for gas-turbine plants with efficiencies of -50%.
PEPS fuel cells will have a lower cost per kW(e) than
fuel cells used in other applications because of (1) the
economies of scale associated with the large fuel-cell
facilities; (2) a feed of pure H, (not natural gas or H,
from steam reforming); and (3) the use of pure O,,
rather than air. The fact that thermochemical cycles
produce O, as well as H, results in a significantly
higher power output for the fuel cell. These
characteristics create the potential for an
economically viable PEPS to have a very large
capacity to produce peak electrical power and obtain
correspondingly high prices while the reactor and
thermochemical plant produce H, at a constant
output.
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Fig. 1. Peak electricity production system using nuclear hydrogen.

CONCLUSIONS

Assuming that the current predictions of
technology development are correct, PEPS may
provide a large-scale, single-customer market for H,.
As other H, markets are developed, H, can be sold as
a commercial product to outside (nonelectrical)
markets. When this occurs, the lower-capital-cost
fuel-cell system is not operated. However, the
capital-intensive components of the system (the
reactor and thermochemical H, production plant)
always operate at full capacity. The continuing
market for H, to produce electricity using the fuel-
cell production system ensures full reactor and
thermochemical plant utilization.
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