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lomorrow's energy: Hydrogen,
Fuel Cells and the Prospects for a
Cleaner Planet (MIT Press),

e As Hoffman writes in his book, hydrogen can “propel
airplanes, cars, trains and ships, run plants, and
heat homes, offices, hospitals and schools....As a
gas, hydrogen can transport energy over long
distances, in pipelines, as cheaply as electricity
(under some circumstances, perhaps even more
efficiently), driving fuel cells or other power-
generating machinery at the consumer end to make
electricity and water. As a chemical fuel, hydrogen
can be used in a much wider range of energy
applications than electricity.”



Fuel cells

e Fuel cells are an

Important enabling
technology for the
hydrogen economy and
have the potential to
revolutionize the way
we power our nation,
offering cleaner, more-
efficient alternatives to
the combustion of
gasoline and other
fossil fuels.
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Proposed Integrated Hydrogen Energy
Demonstration Facility at Diamond Bar
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rour steps to a new reliable, cleaner and decentralized e
\\ Enernguppi y based on Hydrogen + Fuel Cells

/\ www.PersonalPowerCar.com
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Applications of fuel cell




kg.10-6(KWh)-1)

SO, 2.5-230 4,550 8,200 0-0.12
NO, 1,800 3,200 3,200 63-107
20-1,270 | 135-5,000 | 30-104 14-102

0-90 45-320 365-680 0-0.14
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Generic Fuel Cell

scaays @ | The fuel (hydrogen)
or.e Eectrode|enters the fuel cell,
oo land mixes with air,

arElectrode_ywhich causes the

fuel to be oxidized.

e As the hydrogen
enters the fuel cell, it
IS broken down into
protons and
electrons.
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Battery & Fuel cells(1)

Work to expand
Electrical energy gases produced
input: AG = 237.13 kJ PAV=3Tk)

Energy exchange
processas for one
mole of water.
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Battery & Fuel cells(2)

Electric energy output
AG = 237.13 kJ/mol

Fuel energy input

AH = 285.83 kJ/mol e e
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Types of Fuel Cells

e Alkali Fuel Cell (AKFC)

e Phosphoric acid fuel cells (PAFC),

e Molten carbonate fuel cells (MCFC),
e Solid oxide fuel cells (SOFC),

e Proton exchange membrane fuel cells
(PEMFC)




Steps to produce currents

e In the case of PEMFC and PAFC, positively charged ions move
through the electrolyte across a voltage to produce electric power.

e The protons and electrons are then recombined with oxygen to
make water,

e As this water is removed, more protons are pulled through the
electrolyte to continue driving the reaction and resulting in further
power production.

e In the case of SOFC, it is oxygen radicals that move through the
electrolyte.

e In MCFC, carbon dioxide is required to combine with the oxygen
and electrons to form carbonate ions, which are transmitted
through the electrolyte
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Storage Systems

Photo Source: National Energy
Technology Laboratory, Department of Energy
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Alkall Fuel Cell

e use a solution of potassium hydroxide in water as
their electrolyte.

e Operating temperatures inside alkali cells are

a
e O

® A
C

round 150 to 200 degrees C
perate at efficiencies up to 70 percent

kali cells need very pure hydrogen or an unwanted
nemical reaction forms a solid carbonate that

Interferes with chemical reactions inside the cell

e need for large amounts of a costly platinum catalyst
to speed up the reaction
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Alr Product’'s hydrogen generator (left) at the Las
Vegas Energy Station produces hydrogen through
the reforming and purification of natural gas. This
hydrogen fuels vehicles, and Plug Power's PEM
(proton exchange membrane) fuel cell (right),
which provides electrical energy to the Las Vegas
grid.
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SOFC
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e The world first hydrogen energy station featuring
the co-production of hydrogen fuel and electric
power. The project is a public-private partnership
between the United States Department of Energy,
the City of Las Vegas, Air Products and
Chemicals, Inc., and Plug Power, and will serve
as a commercial demonstration of hydrogen as a
safe and clean energy alternative.



Air Products hydrogen fueling station to be built in 2003 in Ann Arbor,
Mich. at the United States Environmental Protection Agency's National
Vehicle and Fuel Emission Laboratory.
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Hydrogen fueling dispenser at
the Las Vegas Energy Station.







