FUEL CELLS

Like a conventional battery, afuel cell usestwo
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USE IN THE WASTEWATER TREATMENT PROCESS

Although fuel cells are costly to install, they have distinct advantages in efficiency, reliability,
and emissions over gas turbines or diesel generators. Fuel cells use hydrogen as afuel source,
which can be derived from methane, natural gas, or anaerobic digester gas. For wastewater
treatment plants that are prohibited from expanding their cogeneration plants due to air quality
restrictions, fuel cells may offer ameans to utilize excess anaerobic digester gas.

Anaerobic digester gas can aso be used to fuel cogeneration engines or individual equipment,
however, the gas releases sulfur compounds when burned. At plants prohibited from releasing the
gas directly into the atmosphere, it must be flared. Whether burned or simply released, the
environmental impacts and regul atory constraints associated with the use, storage, and disposal

of anaerobic digester gas have been problematic for many plants. Using anaerobic digester gasin
fuel cells circumvents these problems because the gas is neither burned nor released. The gas
must be scrubbed prior to use, however, because the sulfur compounds contained in anaerobic
digester gas are toxic to fuel cells.

BENEFITS

Fuel cell emissions are so clean that they are exempted from many Clean Air Act permitting
requirements. Fuel cells produce carbon monoxide emissions aslow as 5 parts per million and
nitrogen oxide emissions of 1 part per million—well below California emissions standards for
combustion engines.

Fuel cells are more efficient than the typical cogeneration systems used at wastewater treatment
plants, converting 40% of the energy contained in digester gas into electricity, compared to 32%
for cogeneration. They also produce considerably less nitrogen oxide and carbon monoxide
emissions than diesel engine generators that operate on anaerobic digester gas. Further, fuel cells
are quiet, producing minimal noise from cooling fans and pumps. They aso require less upkeep:
The most common fuel cell requires only atwo-day annual maintenance shutdown. After about
five to seven years, the fuel cell stack must be rebuilt.



PERFORMANCE HISTORY

Fuel cells were invented well over a century ago, but the
1960’ s space program spurred their commercial
development. NASA, seeking alightweight, reliable
source of power for its spacecraft, developed a small fuel
cell that operated on liquid hydrogen and oxygen and
used an alkaline electrolyte.

As of thiswriting, the most widely available commercial
fuel cell uses phosphoric acid for an electrolyte. This fuel
= cell, the PC-25, is a 200-kilowatt unit developed by
fess emissions and noise than combustion generators. . QN S|, a subsidiary of U.S.-based International Fuel
Célls. The PC-25 has operated commercidly at 75
different sites, logging over one million hours of operation with 95% availability. With anaerobic
digester gas-based units now available, ONSI is working with two U.S. utilities to demonstrate
the technology at wastewater treatment plants. The new model will be coupled with a gas
pretreatment unit—developed jointly by ONSI and the Environmental Protection Agency's Air
Pollution Prevention and Control Division--that will remove sulfur compounds from the digester
gas. The PC-25' s operating on anaerobic digester gas are expected to perform aswell and as
reliably as the natural-gas-based units. The mean time between failures for the PC-25 is about
2200 hours, compared to 500 to 750 hours for diesel cogenerators.

COST CONSIDERATIONS

As of February 1997, the limited market for fuel cells has kept the cost of fuel cells high: around
$750,000 to $800,000 for both the 200-kilowatt unit and the gas processing equipment necessary
for use with anaerobic digester gas. Installation costs an additional $150,000 to $200,000. This
equates to as much as $5,000/kilowatt, plus operation and maintenance costs of about 1.5
centg/kilowatt hour. Asthe market share for fuel cellsincreases, costs may fall.

Financia incentives may be available to partially offset fuel cell costs. The U.S. Department of
Defense offers arebate of up to $1000/kilowatt. The Internal Revenue Service also offersa 1.5
cent/kilowatt hour tax credit or tax rebate for renewable energy sources. In some areas, emissions
credits may be sold for emissions offset by afuel cell installation.
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