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Introduction

e A fuel cell is an electrochemical device that converts the chemical
energy of a fuel and oxidant directly into electric energy.

e Such a direct one-step conversion avoids the inefficient multistep
processes involved in heat engines via combustion, thus
eliminating the emission of chemical pollutants. Besides being
efficient and clean, fuel cells are also compatible with renewable
energy sources and carriers for sustainable development and
energy security.

e Fuel cells offer additional advantages for both mobile and
stationary applications, including quiet operation without
vibration and noise; they are therefore candidates for onsite
applications. Their inherent modularity allows for simple
construction and operation with possible applications for
dispersed, distributed, and portable power generation.
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Fuel Cell Classification

e Fuel cells are often named by the nature of their electrolyte.
There are presently six major fuel cell technologies at varying
stages of development and commercialization:

— Alkaline fuel cells (AFC)

— Polymer-electrolyte-membrane fuel cells (PEMFC)
— Direct-methanol fuel cells (DMFQC)

— Phosphoric-acid fuel cells (PAFC)

— Molten-carbonate fuel cells (MCFQC)

— Solid-oxide fuel cells (SOFC)

e Five of these are classified based on their electrolytes used,
including the alkaline, phosphoric-acid, polymer-electrolyte-
membrane, molten-carbonate, and solid-oxide fuel cell. The
direct-methanol fuel cell is classified based on the fuel used for
electricity generation.
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Principle of Operation

o A fuel cell is composed of three active components: a fuel
electrode (anode), an oxidant electrode (cathode), and an
electrolyte sandwiched between them.

Anode reaction : H, = 2H " + 2e
. 1 + _
Cathode reaction : -0, +2H" +2¢ = H,0

1 . , -
H, + 50, = H,0 + Heat Generated + Electric Energy.

—

e Although the half-cell reactions may be quite different in
different types of fuel cells (described later), the overall cell
reaction remains the same as the equation shown above.
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Cell Potential

e If pure hydrogen and oxygen are used as reactants to form
water as product, then the standard potential of cell is 1.229 V
for the product water in liquid form, 1.185 V if the product water
is in vapor form.

e The potential of a working cell is typically around 0.7 - 0.8 V,
and it is normally too small for practical applications because of
the limited power available from a single cell. Therefore, many
individual cells are connected (or stacked) together to form a
fuel cell stack.
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Technology Characteristics
Type Electrohyte Operating Efficiency Fower Density
Teamperaturs (HHY})
AFC Potassium 50-200C 45-50% up to 70 0.7-8.1kWim2
Hydroxide with CHP
FEM Folymer 50-100C F5-55% 38135 1kWim2
DMFC Polymer 50-200C 40-50% up to 16kWim?2
Membrane 80% with CHP
PAFC Fhosphoric Acid 160-210C 40-50% 0.8-1.9 kWim2
MCFC Lithium or 800-200C 5060% upto  0.1-1.5 kWim2
potassium 8% with CHP
carbOnate
SOFC Ceramic 500-1000C 50865% upte 1.55.0 kWim2
composed of T9% with CHP
calcium or
Zirconium oxides
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Fusel Sowrce Technology Devalopment
Type Fusls Reformang Stage of Materials lEaues Lises
Development
AFC HZ Extannal Mature Flafinum catalyst Requires very lithe Space vehicles
technology H2
FEM Hi reformate  Exteinal Frototype Flatinum catalyst Small amounts of  Autemcbiles,
CO will polson busses
catalyst
OMFLC Methanal, Hok requirad Prototyps Platinum catahyst Small CHP,
sthaned, tranaportaticn,
gasaline portable
FAFL HZ reformate  Exteinal Commaercially Flatinum catalyst Sulfur must be Medium CHP,
available removed if fuelis  buses
Jazaline
MCFC HZ, CO, Externial or internal |Full-scale Hicke| catahyst High temperature Large CHP
refarmate demonatration R ane mora
resistance to CO
palEoning
| SOFLC HI COE, CHd.  Exteimal or internal |Protoyps 8l amic Al #1zes of CHP
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Technological Status

e AFCs have the best performance when operating on pure
hydrogen and oxygen, its intolerance of carbon dioxide hinders
its role for terrestrial applications.

e PEMFCs - Significant progress is being made for PEMFC,
although it is still too expensive to be competitive in the
marketplace. However, the PEMFC is believed to be the most
promising candidate for transportation applications because of its
high power density, fast startup, high efficiency, and easy and
safe handling. But until its cost is lowered by at least orders of
magnitude, it will not be economically acceptable.

e DMFCs - due to the difficulty of on-board fuel (hydrogen)
storage and the lack of infrastructure for fuel (hydrogen)
distribution, DMFCs are believed by some to be the most
appropriate technology for vehicular application.
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Technological Status (contd.)

e PAFCs - this is the most commercially developed fuel cell,
operating at intermediate temperatures. PAFCs are being used
for combined heat and power applications with high energy
efficiency.

e MCFCs and SOFCs - The high-temperature fuel cells like MCFCs
and SOFCs may be most appropriate for cogeneration and
combined cycle systems (with gas or steam turbine as the
bottoming cycle).

— The MCFCs have the highest energy efficiency attainable from
methane to electricity conversion in the size range of 250 kW
to 20 MW; whereas the SOFCs are best suited for baseload
utility applications operating on coal-derived gases.

- It is estimated that the MCFC technology is about five to ten
years away from commercialization, and the SOFCs are
probably years afterwards.
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