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Chapter One: Introduction

1.1 What is a fuel cell?

Fuel cell is an electrochemical device that converts chemical energy of a fuel

(hydrogen, natural gas, methanol...etc.) and an oxidant (air or oxygen) into electrical

energy directly, promising power generation with high efficiency and low

environmental impact. Most fuel cell power systems comprise a number of

components:

• Unit cells, in which the electrochemical reactions take place

• Stacks, in which individual cells are modularly combined by electrically

connecting the cells to form units with the desired output capacity

• Balance of plant which comprises components that provide feed stream

conditioning (including a fuel processor if needed), thermal management, and

electric power conditioning among other ancillary and interface functions





Individual Fuel Cell



Fuel Cell Stack



Fuel Cell vs. Battery

 In principles, a fuel cell operates like a battery. Unlike a battery, a fuel cell does not

run down or requires recharging. It will produce energy in the form of electricity and

heat as long as fuel is supplied. While a battery must be replaced (disposed of) or

recharged when its active materials are consumed.

 In a fuel cell, the active materials are supplied from an external source, while the

active materials are stored inside the battery. In fact, a battery is an energy storage

device, and

 The electrode materials of a fuel cell are inert (provide catalytic sites for the active

materials to react) and are typically not consumed like the electrodes in a battery.



Fuel Cell vs. Heat Engine

The following points show the differences:-

 Because the intermediate steps of producing heat and mechanical work typical of most

conventional power generation methods are avoided, fuel cells are not limited by

thermodynamic limitations of heat engines such as the Carnot efficiency, and

 In addition, because combustion is avoided, fuel cells produce power with minimal pollution.

 Note: it is commonly expressed that a fuel cell is more efficient than a heat engine because it is not

subject to Carnot Cycle limitations (second law of thermodynamics).

 Comment: this statement is misleading. A more suitable statement for understanding differences

between the theoretical efficiencies of fuel cells and heat engines is that if a fuel cell is compared to an

equivalent efficiency heat engine, the fuel cell is not limited by temperature as is the heat engine.



Fuel Cell vs. Heat Engine

Typically, a process of electricity

generation from fuels involves

several energy conversion steps,

namely:

 combustion of fuel converts chemical 

energy of fuel into heat,

 this heat is then used to boil water 

and generate steam,

 steam is used to run a turbine in a 

process that converts thermal

energy into mechanical energy, and 

finally

 mechanical energy is used to run a 

generator that generates electricity.

Carnot efficiency is the

maximum efficiency that a heat

engine may have operating

between the two temperatures.



Theoretical Fuel Cell Efficiency

 The maximum electrical work (Wel)

obtainable in a fuel cell operating at

constant temperature and pressure is given

by the change in Gibbs free energy (G)

of the electrochemical reaction:

Wel = G = - n F E

Where n is the number of electrons

participating in the reaction, F is Faraday's

constant (96,487 coulombs/g-mole

electron), and E is the ideal potential of

the cell.

 G = H – T S

 For general cell reaction

aA + bB = cC + dD

 G = Go + (RT) ln [C]c [D]d / [A]a [B]b

 E = Eo + (RT / nF) ln [A]a [B]b / [C]c [D]d

Nernst equation

The thermal efficiency of an energy

conversion device is defined as the

amount of useful energy produced

relative to the change in stored chemical

energy (commonly referred to as

thermal energy) that is released when a

fuel is reacted with an oxidant.

 = useful energy / H

Or  = G / H =237.34/ 286.02 = 83%
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Classification of Fuel Cells

The most common classification of

fuel cells is by the type of the

electrolyte used in the fuel cell and

includes:

Low Temperature 

Fuel Cells

 Fuel Cell Proton Exchange
Membrane (PEFC), (40-80 oC).

 Alkaline Fuel Cell (AFC), (65-
220 oC).

 Phosphoric Acid Fuel Cell
(PAFC), (205 oC).

High Temperature 

Fuel Cells

 Molten Carbonate Fuel Cell
(MCFC), (650 oC).

 Solid Oxide Fuel Cell (SOFC),
(600-1000 oC).















How does a Fuel Cell work?



Why gaseous hydrogen has become the fuel of choice 

for most applications? 

 In principles, Hydrogen has become the preferred choice for the most applications for

the following reasons:-

 Its high reactivity when suitable catalysts are used.

 Its ability to be produced chemically from a wide range of fossil and renewable fuels, 

as well as via electrolysis, and

 Its high energy density when stored cryogenically for closed environment 

applications, such as in space.

 Similarly, the most common oxidant is gaseous oxygen, which is readily and

economically available from air and again easily stored in a closed environment.



Why a fuel cell goes “Platinum”? 

 In principles the half reactions occurring at each electrode can only occur at a high rate at the

surface of the Pt catalyst. Platinum is unique because it is sufficiently reactive in bonding H and

O intermediates as required to facilitate the electrode processes, and also capable of effectively

releasing the intermediate to form the final product. For example, the anode process requires Pt

sites to bond H atoms when the H2 molecule reacts, and these Pt sites next release the H atoms,

as H+ + e-

H2 + 2Pt = 2 Pt-H

2 Pt – H = 2 Pt + 2 H+ + 2e-

 This requires optimized bonding to H atoms — not too weak and not too strong — and this is

the unique feature of a good catalyst. However, one of the most obstacles that fuel cell

commercialization facing is the high cost of Platinum, lowering Pt catalyst levels is an on-going

effort.



Why a fuel cell goes “Platinum”? (Continued) 

One of the best ways to accomplish this is to construct the catalyst layer with the highest

possible surface area. Each electrode consists of porous carbon (C) to which very small Pt

particles are bonded. The electrode is somewhat porous so that the gases can diffuse through

each electrode to reach the catalyst. Both Pt and C conduct electrons well, so electrons are able

to move freely through the electrode. The small size of the Pt particles, about 2 nano-meters in

diameter, results in an enormously large total surface area of Pt that is accessible to gas

molecules. The total surface presented by this huge number of small particles is very large even

when the total mass of Pt used is small. This large Pt surface area allows the electrode reactions

to proceed at many Pt surface sites simultaneously. This high dispersion of the catalyst is one

key to generating significant electron flow, i.e. current, in a fuel cell.



Fuel Cell 

Applications


