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Summary

Energy from fusion can help meet United States energy needs through

three major applications: 1) electrical generation, 2) synfuels/chemical

production, and 3) fissile fuel production.

While electric generation has been the role traditionally considered

for fusion energy, the role of fusion in synfuels and chemical production
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has only recently been considered in detail ' * . Fusion energy can be used

to split water to hydrogen and oxygen. Hydrogen has many potential energy

related uses—directly as a fuel for industrial processes, as a feedstock

for chemical production (e.g., ammonia) or metal refining (e.g., H-iron), as

a blend with natural gas for space or process heat, or as feedstock for the

production of synthetic hydrocarbon fuels.

Of the potential hydrogen production processes using fusion energy,

high temperature electrolysis (HTE) appears to be an attractive option.

HTE should have the highest fusion to hydrogen efficiency, ^ 50 to 65%,

depending on operating conditions and power cycle. HTE cells have operated

satisfactorily for thousands of hours at ̂  1000*C; while engineering develop-

ment of large systems would be necessary, no fundamental problems are fore-

seen. Experiments with blanket materials for HTE/fusion are very encouraging.

At present, HTE appears to be the most promising candidate for fusion synfuels.
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HTE Process

The electrochemical decomposition of water into hydrogen and oxygen

is an endothermic reaction requiring both heat and electricity. Since the
>

heat input component for water decomposition is used directly at essentially

100% efficiency, there is a definite advantage to making the ratio of the

direct heat input to the electrical energy input as large as possible. The

electrical energy input decreases with increasing temperature and the ther-

mal energy input increases. The ratio of thermal energy to electrical energy

increases with electrolysis temperature; this results in higher process

efficiency so that more hydrogen product can be generated for a given fusion

energy input. The heat input absorbed by the HTE cells during electrolysis

is supplied front the sensible heat content of the process steam delivered

from the blanket. For practical electrolyzer designs, the steam/H- stream

will cool by 100 to 200°C as it proceeds through the electrolyzer. All elec-

trical production from the reactor goes to the HTE cells (and to operation

of the fusion reactor) to make hydrogen/electricity for sale, depending on

market demand. Two blanket types are inferred to perform three major blanket

functions: 1) the first type heats steam to high temperatures (T - 1000°C)

for delivery to the HTE cells, 2) the second type heats a working fluid (helium)

for the thermal power cycle and electricity generation, and 3) breed sufficient

tritium to sustain the D-T fuel cycle.

Blanket Design
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The two-temperature zone blanket approach is mandatory for the process

steam portion of the energy supply. The blanket modules have relatively cool

shells (̂  300°C) with thermal insulation between the shell and the



high-temperature (̂  1400°C) ZrO2 or Al-O- interior. The two-temperature

design concept is also carried over for the tritium, helium-cooled modules

where a solid breeder, e.g., LiAlO.,, is used.

For the HTE modules refractory oxides, e.g., ZrO2 or Al-O,,, which form

the high-temperature region of the blanket must be stable under exposure

to the steam or steam/hydrogen process stream under radiation and thermal

cycling conditions, although the latter may be mitigated due to steady-state

performance as in HYFIRE I. Such materials will fill the interior of the

blanket as solid rods or balls and will also be used as a low-density solid

block or fibrous thermal insulation between the high-temperature interior

and the structural shell. Materials compatibility tests in steam and steam/

hydrogen indicate that ZrO, and A1.0- are suitable for long-term service up

to ^ 1500°C (the present testing limit at ML). Tests with SiC and MgO indicate

that these materials are restricted to somewhat lower temperatures.

HTE Design

High temperature electrolysis uses arrays of tubes of relatively small

diameter (̂  1 cm), thick-walled porous ceramic (e.g., stabilized ZrO_) on

which a succession of thin electrode layers of suitably-doped ceramics are

deposited. The H_ and 0- ceramic electrodes are separated by a thin (several

mils) electrolyte layer of yttria-stabilized ZrO_. Electrodes are electrically

connected in series along each tube to minimize IR losses, A large number

(r" 10 ) of electrolyzer tubes are then connected in parallel in a large

pressure vessel. Typical steam pressures in a high-temperature electrolyzer

are on the order of 10 to 20 atm.

Based on HYFIRE conceptual design studies to date, the following observa-

tions are made: a) blanket designs have been identified to simultaneously



meet global tritium breeding requirements and required energy splits

between process steam and helium, b) attractive tritium breeders such

as LiA10? and liquid lead with dissolved lithium have been identified,

c) gross power cycle efficiencies in the 40 to 45% range appear achievable,

and d) high H9 production efficiencies in the 50 to 55% range appear achievable.
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