
Natural Gas Fuel Cells
Technology for improving energy efficiency while reducing
environmental emissions

• They can be sized to accommodate dif-
ferent capacity needs by “stacking” the
same cell designs.

• Their high conversion efficiency is rela-
tively independent of system capacity.

• They are environmentally benign
because of their low emissions.

At present, however, only one type of
NGFC system is commercially available
in the United States, the phosphoric-acid-
based fuel cell.  The phosphoric acid oper-
ates as the electrolyte in the power section.
Three other electrolytes are still being
testing in other fuel cell designs: molten
carbonate, solid oxide, and polymer
electrolytes.

Technology Selection
The NGFC is just one of many energy

technologies to emerge in the last 20 years.
The FTA series targets technologies that
appear to have significant Federal-sector
potential and for which some Federal
installation experience exists.  These FTAs
seek to identify if product claims are true
or are simply sales hype.

New technologies were identified
through advertisements in the Commerce
Business Daily and trade journals, and
through direct correspondence.  Numerous
responses were obtained from manufactur-
ers, utilities, trade associations, research
institutes, Federal sites, and other inter-
ested parties.
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A natural gas fuel cell (NGFC) is a
simple, reliable way to improve natural gas
utilization and efficiency.  This technology
converts natural gas into electricity to pro-
vide a quiet, clean, and highly efficient
on-site electric generating system and ther-
mal energy source that can reduce facility
energy service costs by 20% to 40% over
conventional energy service.

This Federal Technology Alert (FTA),
one of a series on new technologies,
describes the theory of operation, energy-
saving mechanisms, range of applica-
tions, and field experience for the NGFC
technology.

Energy-Saving Mechanism
The NGFC is a simple, reliable direct

conversion system.  A fuel cell is an elec-
trochemical system rather than a combus-
tion system.  Its operation is closely akin
to that of a battery system, except that it
consumes fuel.  The energy savings results
from the high conversion efficiency, typi-
cally 40% or higher, depending on the type
of fuel cell.  When utilized in a cogenera-
tion application by recovering the avail-
able thermal energy output, overall energy
utilization efficiencies can be on the order
of 85% or more.

The figure below shows the primary
subsystems of an NGFC.  An additional
thermal management subsystem (not
shown) may be required if cogeneration
thermal energy is not fully utilized.  There
are several types of NGFC, all having the
following general characteristics:



Technologies suggested were evaluated
in terms of potential energy, cost, and envi-
ronmental benefits to the Federal sector.
They were also categorized as those that
are just coming to market and those for
which field data already exist.  Technolo-
gies classified as just coming to market are
considered for field demonstration through
the U.S. Department of Energy’s Federal
Energy Management Program (FEMP)
and industry partnerships.  Technologies
for which some field data already exist
are considered as topics for FTAs.  The
NGFC technology was found to have
significant potential for Federal-sector
savings and to have demonstrated energy-
saving field experience.

Potential Benefits
Besides the possible cost savings avail-

able with NGFC, there are environmental
benefits associated with installing this
technology.  Because NGFCs convert fuel
to electricity through an electrochemical
process rather than a combustion process,
the emissions are much cleaner, primarily
carbon dioxide and water.  The low emis-
sion levels have attracted the attention of
many air quality management districts
around the country, and some districts
have granted NGFCs blanket exemption
from air quality permitting.  This exemp-
tion could become a major factor in the
decision to install and operate an NGFC,
especially in areas where new permits are
not being issued or in instances where
operational emissions levels are being
exceeded.

Application
On the basis of FEMP analysis and

review of evaluations by others, the NGFC
technology is recommended for deploy-
ment at Federal facilities when it can be
applied in a cogeneration configuration as
a base load electric and thermal supply
system.  The following conditions favor
use of an NGFC system:

• Where natural gas costs are low and
electricity and demand costs are high

• Where the thermal energy can be
recovered and utilized (the NGFC
can become more cost effective operat-
ing as a cogeneration system)

• Where compliance with stringent envi-
ronmental air quality regulations is
limiting the options available to meet
electric power requirements

• Where critical electric loads are cur-
rently being supplied by high-cost
uninterruptible power supplies, motor-
generator sets, or back-up generators
running on fossil fuels

determining the cost effectiveness of a
200-kW phosphoric-acid-based NGFC.
The analysis uses the San Diego Gas and
Electric (SDG&E) general service-large-
time metered secondary electric rate sched-
ule (AL-TOU) and the GPTCI natural gas
rate schedule for the local cost of energy.

Assuming the fuel cell is operated con-
tinuously at full load and that 75% of the
available thermal energy can be recovered
and used to offset the load of an existing
boiler system operating at 80% efficiency,
the fuel cell energy consumption is deter-
mined and evaluated against the value of
the avoided electricity costs and the value
of the avoided boiler fuel consumption.
Annual maintenance costs for operating
the fuel cell are estimated at $26,000/yr.
The estimated cost of the NGFC is
$600,000 with an additional $50,000 for
installation.  However, with the Federal
cost sharing program, the net cost to the
site is estimated to be $450,000.  The life
of the NGFC is estimated to be 20 years.
Life-cycle costs were determined using the
NIST Building Life-Cycle Cost (BLCC)
program.  The total life-cycle cost for the
NGFC alternative was calculated to be
$1,908,000, compared with conventional
energy service with a life-cycle cost of
$2,007,000, for a net-present value of over
$99,000.  The savings-to-investment ratio
(SIR) for installing the NGFC was 1.22.

This case study is only an example.
The actual implementation of NGFC tech-
nology is unique to each site.  Readers
interested in a specific application are
encouraged to contact the NAFCOG or
the NGFC manufacturer’s representative
to identify an owner/operator with a simi-
lar application or installation.

Implementation Barriers
The future of natural gas fuel cells in the
Federal sector looks good.  There are many
potential applications for fuel cells, includ-
ing prime power supply, interruptible power
supply, and cogeneration supply.  Because
of the potential for reducing site emissions,
improving power quality, and increasing
power reliability, as well as the life-cycle
cost economics, the market for natural gas
fuel cells is anticipated to grow.

The only remaining barriers to imple-
mentation involve gaining user acceptance
of this alternative energy production tech-
nology and reducing the initial cost of the
NGFC.

Federal energy managers and technol-
ogy program managers who are familiar
with NGFC systems are listed in this FTA.
The reader is invited to ask questions and
learn more about the NGFC technology.

• Where computers, telecommunications
equipment, electronic security systems,
or other electronic control systems
demand a noise-free, highly reliable,
high-quality electric energy source.

An NGFC system is least cost-effective
under the following conditions:

• In a cogeneration configuration for use
in either a thermal-load-following or
electric-load-following control strategy.
In these strategies, the fuel cell operates
at some part-load factor.  Depending
on the relative natural gas and electric
costs, full-load operation (base loading)
typically offers the best life-cycle-cost
economics.

• In systems using sophisticated thermal
recovery and control systems that are
designed to recover the maximum
available thermal energy.  In these
systems, the cost of the thermal energy
recovery equipment may outweigh the
potential economic benefit.

Field Experience
NGFC installations have been monitored

in many commercial sites and a few Federal
sites by utility engineers and site facility
managers.  Feedback from owners/operators
has been extremely positive.  System elec-
tric conversion efficiencies of 40% and
availabilities of 97% or more are being
reported on the latest models installed.
The experience gained and the lessons
learned from the commercial NGFC sys-
tems installed to date have conclusively
validated the phosphoric-acid fuel cell
(PAFC) technology.

The only negative feedback received
dealt with initial installation, permitting,
and/or electric grid interconnection issues
rather than actual system operation or per-
formance.  During the installation of over
20 units throughout the country, only two
permitting issues were raised and those
have already been addressed by the PAFC
manufacturer.

Owners and operators have joined to
form an independent users group, the
North American Fuel Cell Owners Group
(NAFCOG), to share information on appli-
cations, siting, installation operation and
maintenance experiences.  The reader is
strongly encouraged to contact the mem-
bers of this group.  Contact names and
phone numbers are listed in the FTA sec-
tion “Who is Using the Technology.”

Case Study
A hypothetical case study from a

Federal facility in southern California was
developed to illustrate the process for



















































About the Federal Technology Alerts
The Energy Policy Act of 1992, and

subsequent Executive Orders, mandate
that energy consumption in the federal
sector be reduced by 30% from 1985
levels by the year 2005.  To achieve this
goal, the U.S. Department of Energy’s
Federal Energy Management Program
(FEMP) is sponsoring a series of pro-
grams to reduce energy consumption
at federal installations nationwide.  One
of these programs, the New Technology
Demonstration Program (NTDP), is
tasked to accelerate the introduction of
new energy-saving technologies into
the federal sector and to improve the
rate of technology transfer.

As part of this effort, FEMP, in a
joint venture with the Department of
Defense’s Strategic Environmental
Research and Development Program
(SERDP), is sponsoring a series of
Federal Technology Alerts that provide
summary information on candidate
energy-saving technologies developed
and manufactured in the United States.
The technologies featured in the Alerts

have already entered the market and
have some experience but are not in
general use in the federal sector.  Based
on their potential for energy, cost, and
environmental benefits to the federal
sector, the technologies are considered
to be leading candidates for immediate
federal application.

The goal of the Alerts is to improve
the rate of technology transfer of new
energy-saving technologies within the
federal sector and to provide the right
people in the field with accurate, up-to-
date information on the new technolo-
gies so that they can make educated
judgments on whether the technolo-
gies are suitable for their federal sites.

Because the Alerts are cost-effective
and timely to produce (compared with
awaiting the results of field demonstra-
tions), they meet the short-term need
of disseminating information to a target
audience in a timeframe that allows the
rapid deployment of the technologies—
and ultimately the saving of energy in
the federal sector.

The information in the Alerts typi-
cally includes a description of the
candidate technology; the results of
its screening tests; a description of its
performance, applications and field
experience to date; a list of potential
suppliers; and important contact infor-
mation.  Attached appendixes provide
supplemental informationand example
worksheets on the technology.

FEMP sponsors publication of the
Federal Technology Alerts to facilitate
information-sharing between manu-
facturers and government staff.  While
the technology featured promises sig-
nificant federal-sector savings, the
Alerts do not constitute FEMP’s
endorsement of a particular product,
as FEMP has not independently veri-
fied performance data provided by
manufacturers.  FEMP encourages
interested federal energy and facility
managers to contact the manufacturers
and other federal sites directly, and to
use the worksheets in the Alerts to aid
in their purchasing decisions.

Strategic Environmental
R&D Program

The Strategic Environmental Research and
Development Program, SERDP, co-sponsor
of these Federal Technology Alerts, was cre-
ated by the National Defense Authorization
Act of 1990 (Public Law 101-510).  SERDP's
primary purpose is to "address environmen-
tal matters of concern to the Department
of Defense and the Department of Energy
through support for basic and applied research
and development of technologies that can
enhance the capabilities of the departments
to meet their environmental obligations."
In 1993, SERDP made available additional
funds to augment those of FEMP, for the
purpose of new technology installations
and evaluations.

Federal Energy Management Program

The federal government is the largest energy consumer in the nation.
Annually, in its 500,000 buildings and 8,000 locations worldwide, it uses
nearly two quadrillion Btu (quads) of energy, costing over $11 billion.
This represents 2.5% of all primary energy consumption in the United
States.  The Federal Energy Management Program was established in 1974
to provide direction, guidance, and assistance to federal agencies in plan-
ning and implementing energy management programs that will improve
the energy efficiency and fuel flexibility of the federal infrastructure.

Over the years several federal laws and Executive Orders have shaped
FEMP's mission.  These include the Energy Policy and Conservation Act
of 1975; the National Energy Conservation and Policy Act of 1978; the
Federal Energy Management Improvement Act of 1988; and, most recently,
Executive Order 12759 in 1991, the National Energy Policy Act of 1992
(EPACT), and Executive Order 12902 in 1994.

FEMP is currently involved in a wide range of energy-assessment activi-
ties, including conducting New Technology Demonstrations to hasten the
penetration of energy-efficient technologies into the federal marketplace.



For More Information

FEMP Help Desk
(800) 363-3732
International callers please use (703) 287-8391
Web site: http://www.eren.doe.gov/femp/

General Contact

Ted Collins
New Technology Demonstration Program
Program Manager
Federal Energy Management Program
U.S. Department of Energy
1000 Independence Avenue, SW, EE-92
Washington, DC  20585
(202) 586-8017
Fax: (202) 586-3000
theodore.collins@hq.doe.gov

Technical Contact

Steven A. Parker
Pacific Northwest National Laboratory
P.O. Box 999, MSIN: K5-08
Richland, Washington  99352
(509) 375-6366
Fax: (509) 375-3614
steven.parker@pnl.gov
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