FOR THE 21ST CENTURY

A fuel cell harnesses the chemical
energy of hydrogen and oxygen to
generate electricity without combus-
tion or poliution. The only by-products
are pure water and useful heat.

What’s all the excitement about?

Fuel cellshavethe potential to power cars, trucks, and buses
without emitting harmful tail pipeemissions. Vehiclespowered by
fuel cellswill be cleaner and more energy efficient than those
powered by theinternal combustionengine. Fuel cellsalsomay
provideenergy to factoriesand homeswithout creating smokestack
pollution. Thisaddsuptoenergy savingsfor theconsumer, energy
security for thecountry, and acleaner environment.

How does a fuel cell work?

A fuel cell produceselectricity directly from the el ectrochemical
reaction between hydrogen from ahydrogen-containing fuel and
oxygenfromtheair. Likeaninternal combustionengine, itturns
fuel into power by doing somethingtothefuel to makeit release
energy. Theelectrochemical reactionisthereverseof what occurs
when electricity isused to produce hydrogen and oxygen. Ina
conventional car engine, what happensiscombustion: thefuel
burnsintiny explosionsthat pushthe pistonsup and down. Whena
fuel burns, itisbeing“oxidized.” Thatis, thefuel combineswith
oxygen and, asaresult, producesenergy. Inaregular car (internal
combustion) engine, thisenergy takestheform of heat and kinetic
energy (themechanica motion). Inafuel cell, thefuel isalso
oxidized, but theresulting energy takestheform of electricity (plus
alittle heat).

A fuel cell power system hasmany components, but itsheartisthe
fuel cell “stack.” Thisstack isactually madeof many thin, flat
“cells’ layeredtogether. (Theterm*“fuel cell” isoftenusedtorefer
totheentire stack, but, strictly speaking, it refersonly tothe
individual cells.) Each cell producesel ectricity, and the output of
all the cellsiscombined to power thevehicle. Each cell contains
severd layersof different materials. Somelayershelp start the
reactionsthat produceel ectricity; theseare called catalysts. Each
cell issupplied with hydrogen (from thefuel) and oxygen (from
theoutsideair). The hydrogen movesthrough the cell and encoun-
tersthefirst of two catalyst layers. Thecatalyst causesthe hydro-
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genmoleculesto rel ease el ectronsand protons, creating the
electrical current that powersthecar. Theprotons migratethrough
theelectrolyteto the second catalyst layer wherethey react with
oxygentoformwater. Most of thewater iscollected and reused
withinthe system, but asmall amount isreleased in theexhaust as
water vapor. Other layersof materialscalled bipolar platesare
designedto help draw fuel and air into the cell, and to conduct
electrical current through thecell.

How does a fuel cell compare to

a combustion engine?

Theinternal combustion enginesintoday’ scarsconvert lessthan
20% of the energy in gasolineinto power that movesthecar. While
automotive engineers havefound ingeniouswaysto makeinternal
combustion enginesrun morecleanly and efficiently, there’ salimit
to how good these engines can be.
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Fuel cellsarehighly efficient. They can capture
40-60% or more of afuel’ senergy to power a
car, depending onthefuel. Another big
advantageislow or zeroemissions. A fuel-cell
vehiclerunningon purehydrogen producesonly
water vapor.

Fuel cellscan also runon any hydrogen-rich
liquid or gas, aslong asitissuitably processed.
Thus, vehiclescould run on awholerange of
foss| fuels—gasoline, natural gas, liquid
propane, petroleum distillates, etc.—aswell as
renewablefuels, for example, ethanol and
methanol. If oneof thesefuelsisused, the
vehiclewill produce some carbon dioxideand
other traceemissions, but far lessthan atypical
car.

What problems need to
be solved?

Beforefuel cellscanbecommonly usedin
vehicles, research must overcome some
problems. It’ simportant to remember that
practical applicationsfor fuel cell technologies

aredtill very new. Theinternal combustion
engineis120yearsold andisstill being refined.
Government and industry scientistsareworking
on new science and technology that will

« reducethesizeand weight of all thecompo-
nentsof afuel cell power systemtoimprove
overdl fuel efficiency,

« reducethe cost of producing thefuel cell
stacks,

« helpfuel cellsstart faster and respond better to
rapid changesin power requirements,

* increasedurability and reliability inextreme
operating conditions, and

 improvetheprocessing systemsthat convert

hydrocarbon fuels(such asgasoline) into
hydrogenfor thefuel cell.

Inaddition, researchersareworking to bring all
the benefitsof fuel cell power to other forms of
transportation, including heavy vehicles(both
on-road trucksand off-road heavy equipment)
andlocomotives.
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