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Abstract

A fuel cell is a device that uses hydrogen (or bger-rich fuel) and oxygen to creaelectricity by an
electrochemical process. If pure hydrogen is used &uel, fuel cells emit only heat and water dsy-
product. Several fuel cell types are under devetgimand they have a variety of potential @pplarai
Fuel cells are being dewgled to power passenger vehicles, commercial lmgjk;lihomc;iﬁlr:ﬁuven s

devices such as laptop computers. a II.r'an_.ll-.l' .
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1. Introduction Of Fuel Cells The proton p gs through the electrolyte.
In principle, a fuel cell op elect rgate a separate current that ca
Unlike a battema fueﬂfﬁkwn or uﬂl:é&-?ore they return to the cathode, to

require rech‘g rq uﬁ-énergy in le'bnlted with the hydrogen and oxygen ir

form of el&@irici as loras ;u q._'l molecule of water.
supplied. -
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2. How Fuel CdlsWork?

Fuel CellComponents & Function: A fuel cell is
device that uses hydrogen (or hydrc-rich fuel)
and oxygen to create electricity by

electrochemical process. A single fuel «
consists of an electrolyte sandwiched between
thin electrodes (a porous ano@md cathode
While there are different fuel cell types, all wc
on the same principle: Hydrogen, or a hydrc
rich fuel, is fed to the anode where a cate
separates hydrogen's negatively charged elec
from positively charged ions (protons). Ate
cathode, oxygen combines with electrons ant
some cases, with species such as protons or \
resulting in water or hydroxide ions, respectiv
For polymer exchange membrane (PEM)

phosphoric acid fuel cells, protons move thro
the electrolye to the cathode to combine w
oxygen and electrons, producing water a

fuel cells, negative ions travel
electrolyte to the anode wher

hydrogen to g erate wate Th(
electrons fr de of the cell cai
pass thr the p05|t
charged ca avel arou

electrical circ

M the other SI
This moveme be'Iectl

ctrons isldu
current. The am nt_-t- powe ced by a
cell depends upon sev. r rs such as fuke
1 te

type, cell size, rature at which
operates, and the préSsure at which the gase
supplied to the cell. Still, a single fuel c
produces eough electricity for only the smalle
applications. Therefore, individual fuel cells |
typically combined in series into a fuel cell sta
A typical fuel cell stack may consist of hundre

of fuel cells. Direct hydrogen fuel cells prodt
pure water aghe only emission. This water

mf)?-""

'—'
.(

typically released as water vapour. Fuel c
release less water vapour than internal combu
engines producing the same amount of pc

Pure Hydrogen

Most fuel cell systems are fuelled with pi
hydrogen gas, whichsi stored onboard as
compressed gas. Since hydrogen gas has ¢
energy density, it is difficult to store enou
hydrogen to generate the same amount of p
as with conventional fuels such as gasoline.
is a significant problem for fuel cell vetes,

of -400

miles between refuelling t(!'lr.l_ competit

which need to have a driving ra

gasoline vehicles. ng e'S!i_U!e tanks and ott
technologies are ang-deveIoped to allow la
amounts of h n to be stored in tanks s
enouﬂ oK p@ssger cars and trucks. In additi
132

ﬂw?l‘astructure for getting liquid fuel to consum

rd storage problems, our cur

I| can't be used for gaseous hydrogen. New faci

and delivery systems must be built, which \
require significant time and rources. Costs for

largescale deployment will be substant

Hydrogen-rich Fuels
Fuel cell systems can also be fuelled v
hydrogenrich fuels, such as methanol, natt
gas, gasoline, or gratified coal. In many fuel
systems, these fuels are pasthrough onboard
"reformers" that extract hydrogen from the fi

Onboard reforming has seve
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Advantages

There are also several disadvantages to refor
hydrogenrich fuels: Onboard reformers add to
complexity, cost, and maintenance demand
fuel cell systems. Higkemperature fuel ce
systems can reform fuels within the fuel cell it-
a process called internal reformirgmoving the
need for onboard reformers and their associ
costs. Internal reforming, however, does ¢
carbon dioxide, juslike onboard reforming. |
addition, impurities intie gaseous fuel can redt

cell efficiency.

Benefits of Fuel Cells

The current market for fuel cells is abo
million and will rise to $2.4 biIIion
reaching $7 billion by 2009, accor

by the Business Communj ?a(
The studies e ate the 2

3.

cells to follow

* $850 oWer generatl

. otor vehﬁ
 $200 million electronic eqt!' -

. $zoo.‘!nma -

* $400 million - other ﬂ

mUL.I'hha rospac

Energy Security g

Passenger vehicles alone consume 6 mi
barrels of oil every single day, equivalent to
percent of oil imports

 If just 20 percent of cars used fuel cells,

» If every new vehicle bought next year v
equipped with a 6@W fuel cell, we would doubl
the amount of the country's available electri
supply.
* 10,000 fuel cell vehicles running on I
petroleum fuel wuld reduce oil consumption |
6.98 million gallons per year. One study forec.
that there will be millions of fuel cell vehicles
the road by 2010.* Fuel cell power will reach t
of thousands of vehicles by 2003 to 2C
» ABI estimates that, by .10, automotive fuel
cells will have a nearly 4 percent Wet sh-
608,000 .-|_|:.'| vehicles
» Market penetration in Zgl.llf_ll."!luld rise as higl

1.2 million veh|cle:!|LE;?é§entlng 7.6 percen

the total mark

1tler ceIIs raning on hydrogen derived from

l| renewable source will emit nothing but we

vapour.

3. Why Are Hydrogen & Fuel Ceélls
Important?

Widespread use of hydrogen as an energy st

in this country could help address concerns a

energy security, global climatchange, and air

quality. Fuel cells are an important enabl

technology for the Hydrogen Future and have

potential to revolutionize the way we power

could cut di importS by 1.5 million barrels eve nation, Offering cleaner, mc-efficient
day.
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alternatives to the combustion of gasoline
other fos# fuels. These benefits are explainec

more detail below.

Strengthen National Energy Security

Hydrogen and fuel cell technology have
potential to strengthen our national ene
security by reducing our dependence on for
oil. The U.S. uses abo@D million barrels of oi
per day, at a cost of about $2 billion a week. M
of this is used to power highway vehicles. In f
half of the oil used to produce the gasoline you
in your tank is imported. Hydrogen can be deri
from a variety of donstically available primar
sources, including fossil fuels, renewab
nuclear power. This flexibility would

dependent upon oil from fore| n.c

ReduceGre'éeG

}_..

renewable resources, nuclear power, or ¢

fossil tethnologies.

Reduce Air Pollution

The combustion of fossil fuels by electric po\
plants, vehicles, and other sources is respon
for most of the smog and harmful particulate:
the air. Fuel cells powered by pure hydrogen «
no harmful pollutants. &el cells that use
reformer to convert fuels such as natural
methanol, or gasoline to hydrogen do emit si
amounts of air pollutants suchgfas car
monoxide (CO), although it |si11,1E.EI ]e;s than
amount produced by thel'zp.!nbustlon of fo
fuels. 'I |‘|

| cells are significantly more ener

Impr iiyq_gj Efficiency

11'Iic1ent than combustiobased power generatit

re though cd % technologies. A conventional combus-based

responsible

|n global cll-iwaL
m?e sun's f@;&i radic

that would otherW|se!§capqp. t%:lspace much

trap excess he

a greenhouse is use{.a heat. When we
our cars, and light, héat, and cool our homes
generate greenhouse gasdBut if we usec
hydrogen in very high efficiency fuel cells for ¢
transportation and to generate power, we cC
significantly reduce the GHG emission-

especially if the hydrogen is produced us

power plant typically generates electricity
efficiencies of 33 to 35 percent, while f cell
plants can generate electricity at efficienciesip
to 60 percent. When fuel cells are used to gen
electricity and heat (cgeneration), they can rea
efficiencies of up to 85 percent. Inter-
combustion engines in today's automok
convet less than 30 percent of the energy
gasoline into power that moves the vehi

Vehicles using electric motors powered
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hydrogen fuel cells are much more ene
efficient, utilizing 4060 percent of the fuel
energy. Even FCVs that reform hydrogaom
gasoline can use about 40 percent of the ener

the fuel.

Applications for Fuel Cells

1.Stationary
2.Residential
3.Transportation
4.PortablePower

There are many uses for fuel ce- right
now, all of the major automakers are workincg
comnercialize a fuel cell car. Fuel cells ¢

powering buses, boats, trains, planes,

even bicycles. There are fue!‘lw
vending machlnes vacuum m
road signs.._ |ature_.i cellul

e electroni

are on thei ar ospitals, cr.
, and banks fall L
fuel cells to pr, ower Tht'll’ facilitie
Wastewater treatme ﬂ.gl- and landfills

using fuel cells to c;n_‘.ve the methagas they
produce into electricity. The possibilities

endless.

Stationary. More than 200 fuel cell systems hg
been installed all over the worldin hospitals

nursing homes, hotels, office buildings, scho

utility power plants, and an airport rminal,
providing primary power or backup. In la-scale
building systems, fuel cells can reduce faci
energy service costs by 20% to 40% c

conventional energy servil

Residential. Fuel cells are ideal for pow
generation, either connected to electric grid to
provide supplemental power and bacl
assurance for critical areas, or installed as d-
independent generator for -site service in areas
that are inaccessible by power li e"‘i?iSince
cells operate silently, they I[icﬁ:_w'hoise [tion
as well as air poIIutiogl-u{g"tﬁe waste heat fro
fuel cell can be usell te*provide hot water or sj
heating for a H';n; Many of the prototypes be
teste}i demonstrated for residential use e

rom propane or natural g

ij I|Transportation. All the major automotivi
'—'

manufacturers have a fuel cell vehicle eithe
development or in testing right no- Honda,
Toyota, DaimlerChrysler, GM, Ford, Hyund
Volkswagen you name it. They speculate that
fuel cell vehicle will not be comnrcialized until
at least 2004. For more information on fuel c

in transportation checkout o]

Portable Power. Miniature fuel cells, onc

available to the commercial market, will hi
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consumers talk for up to a month on a cell
phone without rechangg. Fuel cells will chang
the telecommuting world, powering laptops
palm pilots hours longer than batteries. O
applications for micro fuel cells include page
video recorders, portable power tools, and
power remote devices such as heariig,asmoke
detectors, burglar alarms, hotel locks and
readers. These miniature fuel cells generally
on methanol, an inexpensive wood alcohol .
used in windshield wiper flui
Fuel cells can be used to power a variety
portable devices, frorhandheld electronics su

as cell phones and radios to larger equipment

as portable generators. Other er
applications include laptop comput e
digital assistants (PDAs), an dh Via®
camerasalmost any appl

traditionally -'batt 'he el cells h

the pote o | three tlmes dj 5
as batteries \refuellmg Ira-I ﬁh

these smaller a’t‘m fuel ¢ Iit!‘n be |
in portable generatﬁ suﬂé those use
It

provide eletricity forif-
1,700 portable fuel

estimated that abou
systems have been developed and ope

equipment.

worldwide, ranging from 1 watt to 1.5 kilowatts
power. The two primary technologies for porta
applications are polymer eleclyte membran
(PEM) and direct methanol fuel cell (DMF

designs. Most portable, fi-cell-powered

in the development ¢

products are still
demonstration stages. However, a handful
devices, such as portable power generators

available commerciallpn a very limited basi

4. Conclusion
Fuel cells are being developed to power passe
vehicles, commercial buildings, homes, and €
small devices such as laptop computers. Fuel
have several Dbenefits over conventic
combustionbased technologiecurrently used in
many power plants and passengtr,l?‘mcles
produce much smaller qu?ﬂqras ‘of greenhc
gases that contribute _&a{d’oal warming and r
of the air poIIutaﬁt;'Llhb'f create smog and ci
health problen*E fact, if pure hydrogen sed

'hly heat and water are emitted.
more efficient than combus-based

chnologles and the hydrogen used to pc
them can be obtained from a variety of sour
including fossil fuels, renewable sources,
nuclear energySince the fuel can be produc
from domestically available resources, fuel c
have the potential to improve national ene
security by reducing our dependence on oil f
foreign countries. Although the potential bene
of fuel cells are significar many challenges,
technical and otherwise, must be overcome be
cells will be a successful,

fuel competit

alternative for consumers. These include c

http: // www.ijesmjournal.com (C) International jou

rnal of engineering sciences and management 33



ljesm

e s | \ERHATIONALLQURKAR O ENGINEERING SGIENGES AND)MANAGERENTY

Vol. 1(1) Sept-Dec (2011)

durability, fuel storage and delivery issues, simulations”. Journal of Fuel Cell Scier

public acceptance. and Technology, 4: 5-510, 2007.
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