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Fuel Cells —Advanced Power Generation for the 21st Century—

Many believe that fuel cells will be the next generation source of energy. Today | will speak
about the reasons driving fuel cell research and the latest developments in the field.

<An energy source of quality and reliability> <FC development and how FCs work>

There has been increasing concern about emissions froRCs were discovered by Sir William Grove in 1839, but it
our energy production systems and their impact on the glolvgdsn't until quite recently that they began to receive serious
environment. Urban air quality has been recognized foratention. In the 1960’'s PEMFC (Proton Exchange
long time as a problem of the industrial revolution. In th&lembrane FC) and AFC (Alkaline FC) were used as the
information age, power quality and power reliability argpower source in the space program, and this is where they
major driving forces for new energy production technologyproved their high efficiency and reliability. PAFC

Energy efficiency and Building Efficiency of buildings havgPhosphoric Acid FC) units were the first to be developed
not been appropriately valued in the United States to-dat#)d commercialized for general use and have been installed
but, from the point of view of energy self-sufficiency,all over the world in more than 200 stationary power plants
conservation and should be changed to sustainable eneagy numerous transportation applications. Second generation
they are quite important. FCs include MCFC (Molten Carbonate FC) and SOFC

California, where the National Fuel Research Centé®olid Oxide FC).

(NFCRQC) is located, has the environmental impetus toThe development of FCs is picking up pace because of
develop next generation energy sources because oftisir consideration for use in transportation applications. A
geography and climate. The regulations for automobilgood way to understand why FCs are efficient is to look at
emissions are some of the strictest in the world becausehaiw power is generated by traditional fossil fuel
the smog problem. Automobile makers are considering usitechnologies. The fuel is first consumed in a combustion
fuel cells (FCs) in the next generation of vehicles sold iprocess generating heat (and pollutants), the heat is
California. The time schedule for this is much shorter thamansferred via heat exchanger to raise steam, the steam is
could have been imagined 1 or 2 years ago.

Another event that has recently occured in California is
electric utility deregulation, which may open opportunities
for distributed and dispersed power generation.

FCs are kind to the environment, efficient, and they are
suited to distributed power generation. Significantly,
California’s South Coast Air Quality Management District
has issued a blanket exemption for permitting FC Fue|—-H2J
installations in southern California. Further, when FCs are ® Electrochemical process

used in co-generation applications up to 90% of the fuel Direct conversion to electricity
® H, + 1/2 0 =#H,0 + Electricity
energy can be used.

@ Continuous as long as fuel and air
are provided

Air—'021

Cathode

Electrolyte

Basics of a Fuel Cell
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passed through a turbine to produce mechanical energgfficiencies of converting the power twice. However, this
which is subsequently converted to electricity through would require a change in the design of these technologies
generator. With the FC fuel is converted to electricity iffi.e., removing the power transformers). If power output
one step. could be standardized, FCs could be located in a building to
FCs work through a basic electro-chemical mechanismupply power directly to the DC equipment, thereby
An electrolyte is sandwiched between two electrodes. Aincreasing the overall efficiency of the FC system.
(or oxygen) and fuel (hydrogen) are passed over th&@heoretically FCs are not limited by the Carnot efficiency
electrodes, ions are transferred through the electrolyte andich provides the FC with inherent potential efficiency
electricity is produced without the fuel and oxidant comingdvantages over heat engines such as the internal combustion
into direct contact. One cell only produces a low voltagengine. In practice, the cost of most FC systems is a major
S0 to increase voltages to useful levels one connects sevéiaidle. For instance, advanced gas turbine combined cycle

cells together in what are called FC stacks. plants can be installed at a capital cost of less than $500/
kilowatt and produce electricity with greater than 50%
<Characteristics of FCs> efficiency. FCs can operate at higher efficiencies, but with

Next | want to talk about some problems that need to kSTéUCh higher CO_St' . .
Other hurdles include infrastructure. For example, in the

overcome so that FCs can be used more widely. - ) ) )
Advances in FC technology have been remarkable witiansportation sector there is a large fuel infrastructure in
’ ce, gas stations, etc., that is not directly useable by FCs

lower cost designs, and technical advances arp(ljah  th be devel d ble |
accomplishments in the various FC types. For FCs to & the moment. If the FC can be developed to enable it to

successful: however, the advancement of full EC systerH§e this infrastructure, widespread use in transportation

including fuel processing and handling , power electronics':’l,pplicationS would be more likely.

controls and other ancillary equipment is required. In fueIAnOther concem is the safety aspects of FCs. Some are

processing, for example, the hydrogen to be used as f&&ncerned about the use of hydrogen as a fuel in FCs.

can be made by electrolysis of water, or by passing fOSEIydrogen is dangerous in certain mixtures with air, but in a

fuels such as methanol and natural gas through a reforn%rﬁcucal compar;so_n, a Eydror?ellllaegk ngd bel_lesshhkely
Methanol is easily reformed and because it is a quui&? cause an explosion than the and gasoline that we

transportation and storage are simple use today. This is due to the high diffusivity and low density

Advances may also be required because of polIuta%hydrogen'
emission concerns which not only applies to the FC itself
(its only emission is water), but to the fuel processingHybrids>
equipment which may emit other pollutants. As you can see, FCs have many advantages, but | don't
The next point to consider is power conversionhelieve that FCs will be our only source of power. Central
conditioning and control. FCs produce a direct current sdilities will continue to produce electricity using combustion
for current end-use technologies the power needs to eg., gas turbine combined cycle plants) and nuclear
converted to alternating current. Computers and othgenerating stations. In distributed and dispersed power
equipment already run on DC containing AC to D@Gpplications | expect FCs to be used together with micro-
transformers within each unit. With a FC one might considéurbines, photo-voltaics, wind energy, flywheels, ultra-
operating equipment directly on DC to avoid theapacitors, and hybrid FC-heat engine cycles.
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By mixing different power generation technologies, oneln manufacturing and processing, chlor-alkali production
can optimize the performance and features best suited fses proton exchange membrane technology, and reversible
each site including higher efficiency, power availability, useCs can be used to produce hydrogen from water for food
of renewable sources, and reliability. Examples of thigrocessing, petroleum refining and other applications. They
include heat engine-electric hybrid systems, FC-heat engiaee also being considered for use as uninterruptible power
hybrids, and solar-FC hybrids. supplies (UPS).

One concept that provides high fuel to electricitfFCs operated on hydrogen only have water as an emission,
efficiencies in this context is the FC-heat engine hybrido they can be used to power consumer electronics instead
SOFCs, and other FCs, increase in efficiency at highef using batteries.
pressure. The FC-gas turbine concept involves pressurizirfgCs could also be used in biological applications if a means
the FC by putting it between the compressor and the turbioeconverting the energy in biological fluids using an FC
of a gas turbine engine, replacing the combustor. A higlould be identified. This means that small biological FCs
temperature FC, such as an SOFC, can emit heat sufficientld be put inside the body to power heart pacemakers,
to drive the turbine and power the compressor. High-pressimearing aids and automated medication systems. Another
operation of the FC increases its output and efficiency wittea is the possible replacement of expensive Nafion-based
enough thermal energy remaining in the FC exhaust REMFC electrolyte materials with a biologically produced
generate additional electricity through a generator. This typgembrane similar to that used by electric eels to produce
of system can produce electricity at remarkably high fuetheir electric charge.
to-electricity efficiencies, theoretically approaching 80%.A place where FCs are already competitive is in remote

applications such as satellites, high altitude aircraft, and
<Applications for FCs> space stations.

Some of the applications being considered for FCs aré&lo one knows how the paradigm shift of electric power
power generation, transportation, processing angtoduction will occur and how distributed power generation
manufacturing, and consumer electronics. (DPG) will play a role, but if FCs are successful they will

Lets look at power generation first. The FC will likely nofassist in making DPG a reality. In developing countries
replace the current system of central generation, distributiogllular phones are popular because they are economically
and end user, but will be competitive at a much smaller scdleasible and wise since they avert the installation of
This scale is that often referred to as distributed or locakpensive transmission wires. The desk top computers of
power generation, which is amenable to co-generation atatlay are the super computers of only a few years ago,
can include units with output as high as 10-50 MWdecentralizing computing power in a manner that may
Distributed power generation will complement the currerforshadow the decentralization of electric power generation.
central generation system as it does, for example at the Irvinelocations throughout the world where brown-outs are
Hyatt which currently operates a 200kW PAFC plant focommon or reliable electricity supply is not available
heat and electricity. because of bottlenecks in the utility grid the use of DPG can

Many companies around the world, including most of theelieve these pressures and may provide an economically
major automobile manufacturers are considering FCs foiable and environmentally sensitive approach for power
transportation applications, and their use is also beimgneration using FCs.
considered for aircraft and even bicycles.
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<Expansion in the developed and developing <The National Fuel Cell Research Center >
world> Finally | would like to introduce the NFCRC.

I'd like to address some differences in the use of FCsithe NFCRC is the first total approach to fuel cell
the developed and developing world. | believe that idevelopment and deployment. Its mission is to promote and
developing countries small modular FCs can be used to aveidpport the genesis of fuel cell power generation by
large investments in infrastructure, and to build a distributgatoviding technological leadership with a vigorous program
power generation system. This would be much like cellulaf research and beta testing, coupled with education and
phone technology which has been widely adopted itechnology transfer to and from the marketplace. Together
developing countries avoiding the investment and timwith its Affiliates and Members and the fuel cell community
delays associated with the installation of an expansive systamlarge, the NFCRC envisions a future that meets the
of telephone wires. On the other hand, in developed countrigsmands for energy generation while minimizing harmful
where environmental regulations can be stronger, the highvironmental impacts with fuel cells as a major source of
efficiency and low emissions of FCs make them a validower.
alternative. The cost of these technologies compared to thehe NFCRC is grateful for the leadership and support of
electric grid already present in these countries, however, midpriba, a Founding Member of the NFCRC, and looks
not lead to widespread use of FCs as distributed powlrward to continued participation and collaboration with
generators. In space exploration FCs will continue to b¢oriba in the advancement of environmenally sensitive
used as well, where their cost is less important and thééchnologies.
operating characteristics give FCs an advantage.
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