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Fuel Processor

When small-scale fuel cells, with about
5 kW capacity, first appeared in the late
1990s, they seemed made to order for electric
cooperatives’ needs (see Figure A). Small,
quiet, efficient, and clean, they held out a lot
of promise not just as backup power sources,
but also as primary power sources of electricity
for residential customers near the ends of
fast-growing, overburdened routes and in
sparsely populated remote areas where
extending the grid would be a costly endeavor.
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FIGURE A: A fuel cell converts hydrogen (derived from natural gas or
propane fuel) into hydrogen ions (H+) and electrons. The electrons
flow to a useful load, such as a residence, as electric current. The
hydrogen ions flow through the cell to combine with a oxygen from
the air, forming by-product water that discharges from the cell.

Participants in the Residential Fuel Cell Demonstration

= 1st Rochdale Cooperative, New York City

= Delaware County Electric Cooperative, Delhi, New York
u Delta-Montrose Electric Association, Montrose, Colorado
= Flint Energies, Reynolds, Georgia

= DOD CERL, Cherry Point, North Carolina

= DOD CERL, Fort Jackson, South Carolina

= DOD CERL, Yosemite, California

DOD CERL is the U.S. Department of Defense, U.S. Army Corps of Engineers, Construction Engineering
Research Laboratory.
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The CRN Residential Fuel Cell Demonstration
Program aimed to explore that potential. It
operated prototype fuel cells, in residential
settings (Figure B), in collaboration with electric
cooperatives and with the U.S. Department
of Defense, which was conducting a similar
demonstration program at military bases and
shared its information with CRN. The CRN
program had these goals:

1. Evaluate the performance, durability,
reliability, and maintainability of residential
fuel cells.

2. Investigate the interaction of the fuel cells
with the electric distribution grid and with
the dispatch of electric energy.

3. Determine the suitability of key materials,
designs, and components for utility and
customer service.

4. Define and assess the related interface
requirements for fuel, electricity;, thermal
recovery, and water and the associated
installation costs.

5. Identify and refine promising applications
for residential fuel cells, including planning
for early-entry and mature markets.

The results of the program are documented
in this report.

For more information about the demonstra-
tion program, see Section 1, Introduction.

For a discussion of the principles, character-
istics, and operation of fuel cells, see Section 2,
Technology Overview.

FIGURE B: A Power Plug proton exchange membrane
(PEM) fuel cell at a residence in upstate New York.
The propane-fueled unit is operated by Delaware
County Electric Cooperative in Tompkins, New York.
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A GOOD TECHNOLOGY,
BUT AN EXPENSIVE ONE

The demonstration clearly showed that fuel
cells can function reliably and efficiently, and
do not adversely affect the distribution grid.
But the cost of the electricity they produce is
very high: about 85¢/kWh at best for a future
propane-fueled unit, versus about 9¢/kWh,
on average, for grid-supplied electricity.

A major reason for this high cost is the high
purchase price of fuel cells, which are highly
complex systems comprising a fuel processor,
electrochemical cell stack, dc to ac inverter,
and storage batteries. A 5-kW unit today costs
about $80,000. With design and manufacturing
improvements, the price might drop to $30,000
by 2015.

Executive Summary - ix

To compound the cost problem, the price
of fuel—natural gas or propane—is soaring.

It is much higher today than it was when
residential fuel cells first appeared, and it is
rising at a faster rate than grid electricity.

The combination of high purchase price,
high fuel prices, and high maintenance costs
make residential fuel cells an unattractive
supplement or replacement for grid electricity.

For more information about the demonstra-
tion’s findings, see Section 3, Demonstration
Results, and Section 5, Connecting to the Grid.

AN ALTERNATIVE
TO FUEL CELLS

But, although the outlook for residential fuel
cells is bleak, a promising new contender for
residential distributed generation appeared
on the scene during the course of the demon-
stration. It is the micro cogeneration system,

FIGURE C: A mechanical fuel cell.

(Photo: Marathon Engine Systems.)

often called a mechanical fuel cell or simply
mechanical cell (Figure C). It is not a fuel cell
but rather a small internal combustion engine
designed for long life, infrequent maintenance,
low emissions, and ultraquiet operation. Like
a fuel cell, it delivers high-quality ac power by
means of an inverter.

Mechanical cells were not demonstrated
in the CRN program, but they were analyzed
on the basis of performance and economics.
Because they cost much less to buy and
maintain than fuel cells, even though they
consume about the same amount of fuel,
mechanical cells can produce residential
electricity at about half the cost of fuel cells—
about 44¢/kWh. This is still a high price to
pay for electricity, but nevertheless may be
acceptable for remote sites where building
a connection to the grid would carry a
prohibitive cost.

For more about mechanical cells, see
Section 2, Technology Overview.

POTENTIAL MARKETS

The CRN demonstration evaluated four key
co-op markets for residential fuel cells, and
assessed their economic viability:

= On-grid natural gas distributed generation
= Backup propane-fueled generation
m Edge-of-the-grid propane-fueled generation

® Remote propane-fueled generation

Of these potential markets, the largest is
the on-grid natural-gas-fueled residential
distributed generation market. However, this
market is not economic now and will not be
in the next decade, if ever, because of the
declining differential between natural gas cost
and residential grid electric prices—that is,
the shrinking spark spread.
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Surprisingly, the remaining three markets are
largely owned by rural electric co-ops. They are
principally propane fueled. None of the three,
however, looks particularly attractive for even a
future mature residential electrochemical fuel
cell, because of high equipment costs.

However, the edge-of-the-grid market and
the remote generation market do look attrac-
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tive for today’s mechanical cell. Although
these markets are not large, they clearly merit
attention by rural electric co-ops since they
can be supplied by today’s equipment with
modest effort.

For more about potential markets, see
Section 4, Residential Fuel Cell Market.

UTILIZING WASTE HEAT

In generating electricity for a residence, a
fuel cell creates a fair amount of by-product
heat—heat that can be put to use in heating
water and interior space for the home, instead
of just flowing into the atmosphere. Utilizing
that heat requires an investment in thermal
recovery equipment, but the savings in fuel
costs for heat can pay for the equipment in
10 years or less, depending on application.

The savings can be applied against the cost
of producing electricity from the fuel cell.
The cost of electricity will still remain high,

however. In fact, the 85¢/kWh cost mentioned
above already includes a credit for water
heating by thermal recovery.

The new mechanical cells produce about the
same amount of heat as electrochemical fuel
cells. So thermal recovery savings apply equally
well to mechanical cells. In fact, the electricity
cost of 44¢/kWh quoted above for mechanical
cells already includes an allowance for thermal
recovery for water heating.

For more information, see Section 6,
Thermal Recovery.

OUTLOOK FOR
THE FUTURE

The viability of residential fuel cells is not
really a technical issue, but rather an economic
one. The high cost of the units, both now and
in the predictable future, makes it unlikely
that they will be used for normal residential
distributed generation. A further barrier is
the run-up in propane cost relative to grid
electricity rates.

At the same time, mechanical cells offer a
useful option for co-ops. Many such units, with

price tags under $15,000, are already in service
in Europe. Mechanical cells appear ready to
satisfy specialized co-op customer needs,
principally for edge-of-the grid or remote
power generation.

For more information, see Section 7,
Conclusions.
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