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Summary 
 
Fuel cells are devices that utilize electrochemical reactions to generate electric power. 
They are believed to give a significant impact on the future energy system. In particular, 
when hydrogen can be generated from renewable energy resources, it is certain that the 
fuel cell should play a significant role. Even today, some types of fuel cells have been 
already used in practical applications such as combined heat and power generation 
applications and space vehicle applications. Though research and development activities 
are still required, the fuel cell technology is one of the most important technologies that 
allows us to design the environment-friendly society in the twenty-first century. This 
section describes the general introduction of fuel cell technology with a brief overview 
of the principle of fuel cells and their historical background.  
 
1. Introduction 
 
Fuel cells are devices that utilize electrochemical reactions to generate electric power; 
they are very different from the widely used electric power generation systems today 
which make use of the mechanical power of heat engines and the principle of 
electromagnetic induction discovered by Michael Faraday. Because electricity is 
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generated directly from oxidation and reduction of a fuel and oxidizing agent, it is 
sometimes referred to as “direct” electric power generation. Sir Francis T. Bacon, who 
is a pioneer in the development of fuel cells in the second half of the twentieth century, 
noted in 1979 that with the discovery of the principle of electromagnetic induction in 
1831, the electrochemical methods for electricity production which had until then been 
favored, had been replaced by the electromagnetic induction method, and continue to be 
so to this day. But it is thought that the current advances in fuel cell technology may 
lead to another paradigm shift in technology for electric power production in future.  
 
2. Fuel Cell Structure and Principle of Operation 
 
A fuel cell consists of two electrodes and an electrolyte layer; the electrolyte is placed 
between the two electrodes, one an anode and the other a cathode. The fuel is supplied 
to the anode, at which a reaction to oxidize the fuel takes place. At the same time, an 
oxidizing agent is supplied to the cathode, and a reaction to reduce the oxidizing agent 
occurs. When lead wires from the two electrodes are connected to an external load to 
form a load circuit, charged particles move within the electrolyte, and a current can be 
drawn from the cell. This principle of fuel cell operation is in fact exactly the same as 
that of dry batteries and other primary (non-rechargeable) batteries of the kind we all 
use on a daily basis. However, in a dry battery the reactants are stored within the 
battery, and its lifetime is reached when these reactants are consumed. In a fuel cell, in 
contrast, reactants are supplied externally, so that in principle, power can be generated 
continuously for as long as there is a supply of reactants. 

 

 
Figure 1. Configuration of fuel cells: acidic electrolyte (PAFCs) 

 
The charge carriers within the electrolyte in fuel cells are either positive or negative 
ions, with different directions of motion to each other. For example, in fuel cells using 
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acidic electrolytes such as phosphoric acid fuel cells, hydrogen ions (H+) move from the 
anode to the cathode side, where reactions with oxygen occur to generate water (see 
Figure 1). On the other hand, in molten-carbonate fuel cells using an alkaline 
electrolyte, carbonate ions (CO3

2-) move from cathode to anode, at which they react 
with hydrogen to produce water (see Figure 2). Hence, the water produced by the 
electrode reactions is discharged from different electrodes depending on the type of ion, 
and this affects the design of the power generation system. Also, note that the cell 
structure and materials used in fuel cells will also differ depending on such other 
conditions as the operating temperature and pressure and the fuel used. 
 

 
 

Figure 2. Configuration of fuel cells : alkaline electrolyte (MCFCs) 
 

The phenomenon that occurs in the course of electric power generation in fuel cells is 
called an electrochemical reaction. Perhaps, a quite familiar example of electrochemical 
reactions is the electrolysis of water, where hydrogen and oxygen are produced by 
passing electricity between electrodes immersed in aqueous (or water) solution as 
electrolyte. Fuel cells are often described as devices that perform the reverse of this 
electrolysis reaction. That is, by supplying hydrogen to the anode and oxygen to the 
cathode of a fuel cell, electricity is generated, and water is produced as the reaction 
product.  
 
In conventional electric-power generation, typically using fossil fuel fired thermal 
power plants, the chemical energy of fuel is first converted into heat by combustion in a 
boiler. This generated heat is used to produce pressurized steam, which in turn drives a 
turbine generator, to convert the fluid dynamic power into mechanical power, 
eventually producing electricity. In contrast with the conventional steam turbine 
generators, the electrochemical method of electric power production is thus referred to 
as “direct” electricity generation, that is not subject to the Carnot cycle efficiency which 
limits the maximum efficiency of heat engines. This implies that it is 
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thermodynamically possible for fuel cells to extract all of the Gibbs free energy of fuel, 
converting in actual work (Figure 3). However, it is presumed that fuels will be used 
that enable electrode reactions under practical conditions. Hydrogen is the one most 
suitable for many fuel cells. It is important to note that, when using hydrocarbons as a 
primary fuel for the fuel cell power generation system, the fuel must be converted into 
hydrogen-enriched fuel gas by means of chemical reactions such as steam reforming 
reactions. 

 
 

Figure 3. Process of energy conversion 
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