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— Plans. Fuel cell system dynamics
and control systems will be
developed and refined based on
real testing done for the US Army
with a radar system. Control and
high efficiency operation of
multiple fuel cells grouped as a
system is a challenge due to the
differing characteristics of each
fuel cell. These strategies will be
developed and demonstrated
along with the reformed diesel fuel
clean-up.
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Plans. A 10 kW system

— demonstration with a fuel cell
system powering a military
radar system is planned.

Status, Plans, Connections to NASA's Mission and Vision
and to the Space Architect's Capability Requirements

Projects

Project: FUEL CELLS
Project description. Fuel cells take hydrogen and oxygen and combine them in an
electrochemical system like a battery to produce electricity and water. The water can then be
electrolyzed to produce hydrogen and oxygen once again. This is called a regenerative fuel
cell system. By combining solar cells with a regenerative fuel cell, high altitude balloons or
solar-powered airplanes may stay in the air for very long times. CSPAE is seeking to develop
fuel cells that take hydrogen produced by “reforming" diesel fuel, cleaning it up and then
powering remote radar systems. This should save mass and reduce the resupply needs. An
extension of this idea is to power rovers with regenerative water-based systems on planetary
surfaces. Understanding the integration of a number of independent fuel cells is helpful also
to future NASA missions. The purpose of this research is to develop the methods to minimize
adverse interactions between fuel cells and ensure that their potential is fulfilled in complex
systems.

The Status: experiment planned. A ten kilowatt fuel cell system is being assembled for a
demonstration with a DOD radar system next year. Exceptional progress has been made in
cleaning up reformate gases from CO and sulfur-containing compounds. Selection of these
important catalyst systems came after testing more than 100 candidates. These new
catalysts will permit use of ordinary diesel fuel in the reformer rather than low sulfur fuel at a
substantial cost saving. New analytical tools are being developed to analyze and match fuel
cells and electrodes for maximum performance in the system. The database of these catalyst
materials and their verified performance is useful to NASA in other applications.

Project site(s): Center for Space Power and Advanced Electronics, Space Research
Institute, Auburn University, Auburn University, AL 36849-5320

Knowns
and
unknowns

—— Known. Fuel cells are already
being tested in vehicles on
earth and in space. System
level issues are emerging that
can impact life and cost.

Unknown. The cost of fuel
cells has been a limiting

| factor in their use. Whether
cost of fuel cell systems can
be reduced to $1000/kW is
unknown.

Unknown. The lifetime and
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Research Partnership Centers Multiple Benefits

Immediate applications on Earth. Energy storage is a pervasive requirement. Fuel cells are
under development because of the large advantage they have over batteries for long term storage.
In addition, extensive effort is being devoted toward the use of fuel cells in automotive, airship,
computer, human power systems in the utility industry.

Leverage NASA research funds. Fuel cell companies (Ballard, Plug Power...), automotive
industry, launch vehicles, utility industry, NASA (Code M, GRC, JPL, STS, NGLV...), USAF
(more electric aircraft...), US Army (robotics, radar power systems, hybrid vehicles, high altitude
airships...). in partnership with NASA enables NASA to stretch its research dollars.

Importance: energy: space vehicles
Fuel cell systems are the system of
choice at the present time for
providing power to the shuttle on orbit.
Modern fuel cells are higher in
performance, lighter in weight and
longer-lived than those currently in
use. Similarly, the best means
suggested to date for keeping solar-
powered airships and airplanes aloft
at night is the regenerative fuel cell
operating with water. The ongoing
work provides insight to operation,
control and purging of these systems

to keep them operating at peak power.

For solar powered systems on the
moon and for rover and other robotic
systems, the fuel cell is also the
system of choice.
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Importance: U.S. economy: energy:
automobiles. Fuel cells are enjoying
significant support by the US government
for automotive applications ($1.2B). The
hope is that system costs can be reduced to
an amount that the consumer can afford
(~1000/kW) so the market can erupt. This
research is aimed at understanding complex
system interactions and the means for
controlling them and eliminating adverse
interactions. The work is applicable to a
wide range of vehicle applications from
automotive to all-electric military vehicles.
The fuel cell is also being used for powering
cell phone towers in remote locations. By
showing the ability to reform diesel fuels
and use them successfully in fuel cells, this
application will become more cost effective.

—— effectiveness of diesel fuel
reforming, and the lifetime of
catalyst systems used to
eliminate harmful CO and H2S
requires further testing.
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