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ABSTRACT 

Today, millions of people depend on the automobile as their main source of transportation. Automobiles 

are the most efficient and convenient way to travel compared to walking or running. Unfortunately, most of the 

automobiles use fossil fuels such as oil. After the internal combustion engine consumes the gasoline, it releases 

carbon monoxide, nitrogen oxides, hydrogen carbons, and carbon dioxide. These chemicals cause air pollution, 

acid rain, and the buildup of greenhouse gases in the atmosphere. This results in the destruction of our precious 

ozone layer. In addition to these disastrous effects to the environment, gasoline is a finite energy source. Therefore, 

another efficient and cheap energy source needs to be found quickly. Ideally, this energy source should be 

unlimited in its supply and friendly to the environment. Many alternatives have been considered. For example, 

researchers have attempted to power cars by the use of batteries and solar power. However, since batteries operate 

on a stored amount of energy, it has a limited range typically around 100 miles. The batteries are also very large 

since it consumes over 17 times as much space and 45 times as much weight as gasoline tanks. Solar powered cars 

are limited to its use on sunny days. On cloudy days and at night, the car operates on batteries. Therefore, solar 

powered cars have a driving range of approximately 135 miles. As a result, the best alternative to gasoline is the 

fuel cell. Fuel cell systems produce no polluting emissions and they contain no moving parts. Fuel cells are also 3 

times more efficient than the internal combustion engine. Unlike gasoline used by the internal combustion engine, 

most fuel cells utilize hydrogen, a renewable resource. The use of fuel cells will decrease our dependence on the 

finite amount of fossil fuels. It will also spur economic growth in the word. 
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INTRODUCTION 

A. Basic Principle of fuels cell 

 Hydrogen 

 A thin and flat cell made up of two electrodes (anode and cathode) separated by a plastic sheet called a 

membrane. The cathode and anode are formed by an electrochemically active catalyst (link catalyst to the 

glossary) layer, typically platinum. 

 Oxygen 

 External circuit 

B. Working of fuel cell: First, the hydrogen is exposed to the anode. The anode then draws the electron from the 

hydrogen leaving a proton (H+). On the opposite side of the cell, the cathode absorbs oxygen from the air. This 

produces a potential and causes the electron to move through an external circuit. This creates a current through the 

circuit which powers the electric motor. As a result, the oxygen receives two electrons and becomes negatively 

charged (O2-). Since, there are negatively charged oxygen ions on one side of the membrane and positively charged 

protons (H+) on the other side, the protons diffuse across the membrane to the cathode. Therefore, the bonding of 

the oxygen ion and the proton (H+) form water. This device is called a Proton Exchange Membrane fuel cell, or 

PEM, because the protons (H+ ions) diffuse across the membrane. 

 
Fig. 1 : Principle of Fuel Cell 
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Cathode Reaction: 02 +4H++4e-2H20  

Anode Reaction: H22H++2e- 

The advantage of using a Proton-exchange membrane fuel cell is that they have an operating range of 1 

atmosphere to 8 atmospheres of pressure. PEM cells work best at lower temperatures since they cannot tolerate 

temperature increases. The fuel cells have a high power density and flexible operation. Also, automobiles with the 

hydrogen fuel cells have a higher efficiency at partial loads compared with the gasoline engine. 

C. Fuel cell Engine   

 Fuel cell array 

 Air delivery 

 Fuel delivery 

 Cooling system 

 Electrical system 

 Control system 

 Electric drive 

To make a fuel cell system, several single cells must be assembled in series or parallel to form a stack of the 

desired current, voltage, and power. These stacks are constructed with humidifiers, pumps, and gas filters to form a 

fuel cell engine. An air compressor is needed to compress the air while the humidifier is used to keep the PEM 

membrane moist since it conducts the protons in the electrolyte only through an aqueous environment. By keeping 

the membrane hydrated, this allows the fuel cell to operate properly. Automotive industry leaders project that 

within next two decades, between 7 and 20% of new cars sold in the world will be powered by fuel cells. 

Accordingly, we can envision a global fleet of as many as ~ 80 million fuel cell vehicles (FCVs) on the earth's 

roads by 2030. 

FUEL CELL SYSTEMS 

There are six generic fuel cell systems (Kordesch, 1994) viz. (i) phosphoric acid fuel cells (PAFCs), (ii) 

alkaline fuel cells (AFCs), (iii) polymer-electrolyte fuel cells (PEFCs), (iv) molten carbonate fuel cells (MCFCs), 

(v) solid oxide fuel cells (SOFCs), and (vi) direct methanol fuel cells (DMFCs), in various stages of their 

development. But for automobiles, the low-operating temperature and rapid start-up characteristics, together with 

its robust solid-state construction give the PEFCs (figure 2) a clear advantage for application in cars. Since the 

specific energy density of PEFC power plants (~lkWh/kg) is akin to that of the present day ICEVs, (Internal 

Combustion Engine Vehicles) comparable driving ranges may be expected.  

 
Figure.2.Schematic diagram of a polymer-electrolyte fuel cell (PEFC). 

But the power density (~300W/k) of the present day PEFCs tends to be substantially lesser than that of the 

ICEVs (-600 W/kg). A Ragone plot comparing the power and energy densities of PEFCs and IC engines is given in 

figure 3. The fuel cell system energy efficiency at present is about 60%, which is much higher than both the Otto 

(ca, 20%) as well as Diesel (ca, 30%) versions of ICEVs (Joen, 2002). Although, the 80kW of the power needed to 

provide the acceleration to the fuel cell-based automobile could be supplied by an appropriately sized PEFC alone, 

this will probably make the first generation systems excessively large and heavy. Additionally, the high cost of 

newly developed fuel cells will persuade the car makers to use the smallest cells that will provide the required base 

power needs of about 50 kW. 

FUEL OPTIONS FOR FCVs 

Hydrogen, methanol and gasoline can be used as fuels in FCVs(Thomas, 2000). Possible FCV 

configurations are depicted in figure 4. In brief, these configurations comprise a fuel cell system, a driving 
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mechanism, which consists of a fuel supply system, an air supply system, a humidification system, and a thermal 

manager to control the operating temperature of the fuel cell stack. 

 

 
Fig.3.A Ragone plot comparison of power and energy densities for supercapacitors, batteries, PEFCs (including 

reformer), and IC engines 

 

 
Fig.4: (a) Gasoline partial oxidation reactor FCV (range = 29-42 mpgge) (b) methanol FCV range = 43-48 mpgge), and 

c) direct hydrogen FCV (range = 66 mpgge). The driving ranges for the ICEVs are about 30 mpgge 

Gasoline and in principle methanol can be supplied through the existing fuel distribution network for 

vehicles. But, a fuel reformer would be required to produce hydrogen from gasoline or methanol. This will increase 

both the complexity and the cost of FCVs. Furthermore, with the reformers, the start-up time to normal operation 

reportedly varies from a few minutes upwards. Experts believe that for fuel cell-based automobiles, with an 

onboard fuel processor, it may be difficult to exceed the performance of the future ICEVs in terms of emission, 

efficiency, drivability, maintenance and first cost. Besides, at the operating temperatures of the PEFCs, carbon 

monoxide even at only 0.1% is sufficient to poison the platinum catalyst at the anode. Therefore, either a separate 

process or new carbon monoxide tolerant catalysts need to be developed for deployment at the anode. However, 

when hydrogen is used, a fuel processor is not necessary, and start-up time and response to load change are fast. 

But, hydrogen infrastructure costs are currently unacceptably high. Costs of tens to hundreds of billions of dollars 

are often quoted. Hydrogen onboard a vehicle can be stored as liquid hydrogen, as compressed hydrogen, as metal 

hydrides and as hydrogen absorbed in carbon nanotubes. The energy density of liquid hydrogen is appreciably 

high. But, to store hydrogen in liquid state, it is mandatory to maintain a temperature as low as -253°C at ambient 

pressure. This requires a highly insulated hydrogen tank making it cost intensive. Metal hydrides are heavy and 

time consuming for storing hydrogen. Carbon nanotubes are still in their developmental stage but the US 

Department of Energy development goal for these is slightly above the performance of the actual liquid hydrogen 

tank. The stored energy is low in the case of compressed hydrogen. 
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COST PROJECTION FOR FCVs 

The present estimated cost of PEFCs is about $l000 – 2000/Kw, which is a constraint for their 

commercialization and use in automotive applications. The fuel cell cost could be decreased through reduction of 

platinum loading, improvement in stack performance, and mass production. It is hoped that the PEFC cost will be 

decreased to 200/kW in 1-2 years (Joen, 2002). In the US, the target cost of fuel cell systems to be achieved in 

future is $50 / kW (Kirchain, 2002). This could be achievable for a PEFC with a peak power density of 0.5W/cm 

giving a catalyst cost of $ 12-$14kW providing membrane costs are less than $ 100/m2 (or$ 20/kW). GM claims to 

have achieved the fuel cell stacks with $ 50/kW and is working to further reduce the cost to $ 20/kW. In a recent 

technical cost analysis for PEFCs (Kirchain, 2002), it is surmised that this target cost can only be achieved with 

design changes that would substantially reduce the quantity of materials used. This obviously calls for more 

research and development on advanced and cost-effective fuel cell materials. 

It has been demonstrated (Joen, 2002) that if the fuel cell cost is high ($1000-2000/kW) then hybridization can 

reduce the life-cycle cost (initial vehicle cost plus maintenance cost) of the FCVs. But if the fuel cell cost is 

$50/kW then hybridization increases the life-cycle cost of the FCVs as it increases the initial vehicle cost. 

PROBLEMS ON FCVs 

Despite the high efficiency of energy that fuel cells produce, some of the energy is lost due to the over-

potential of the anodic and cathodic reactions. This is simply the voltage needed to overcome the potential barrier 

of the oxygen and hydrogen electrode reactions. In the open circuit voltage (OPV) of the fuel cell, the voltage is 

1.23 V with no current flowing through the cell. As soon as the current flows through the cells, the voltage drops 

and the efficiency of the cell decreases. Thus, more efficient materials need to be used in order to prevent the 

dramatic voltage drop (Fig.5). 

Also, efficiency is lost by internal cell resistance. This means that a steep voltage drop at high current 

density occurs in the cell because of inadequate mass transfer of the reacting species at the electrodes. Currently, 

fuel cell development shows that a current density of 0.8-1.2 A/cm2 is possible from a single cell within a range of 

0.55-0.75 V. However, the current density needs to be increased in order to make the hydrogen fuel cell more 

practical for an automobile. 

 
Figure.5.Voltage and current density output 

Another problem is that the water management in the cell is difficult to control. The PEM fuel cell requires 

an aqueous membrane to operate efficiently. The fuel cells cannot be operated at high temperatures because the 

water inside the cell boils at 100°C. As a result, if the cell operates on a hot or sunny day, this will cause the water 

inside to boil and evaporate. This will result in a dry membrane which will eventually lose its conductivity. 

Therefore, a humidifier is used to help keep the membrane in an aqueous environment. However, humidifiers add 

addition mass and consume power from the fuel cell. 

In addition, another limitation of the PEM fuel cell is that the Pt anode electrocatalysts are extremely CO 

intolerant. From the cathode and anode reactions, traces of CO in reformed gases cannot be avoided. The CO 

poisoning is a result of the strong competitive chemisorption of CO to displace H2 from the Pt surface.  Since the 

chemisorption of CO is exothermic, it weakens considerably with temperature and efforts to develop higher 

temperature PEM fuel cells are currently being designed. 

Finally, a major limitation of the cell is the onboard hydrogen storage. Hydrogen can be stored in a 

rechargeable metal hydride or in a hydride compound that releases hydrogen when reacted with water. Physically, 

hydrogen can be stored as compressed gas, cryogenically cooled liquid, or through the absorption of a surface. 

Despite these methods, storing enough hydrogen to power a car requires a large tank. With the current technology, 

the compressed hydrogen tank size required to contain 6.8 kg hydrogen for a 1500 kg vehicle with a driving range 

of 560 km is 340 L at 25 MPa. A typical gasoline tank for such a vehicle is 70 L. Thus, the challenge today is to 

discover a way to store enough compressed hydrogen in the vehicle without consuming too much space. This is the 
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major obstacle impeding the progress of hydrogen fuel cell automobiles becoming a commercial product, therefore, 

we shall investigate this problem more in depth. 

CONCLUSIONS 

At present, direct hydrogen FCVs fuelled with liquid hydrogen appear to be the best option. However, 

these are faced with problems such as high cost of PEFC stacks, their weight and volume, and absence of hydrogen 

refueling infrastructure. Even with these drawbacks, world's major automakers are racing to introduce FCVs in the 

market, and some of them as early as of this decade. Though Fuel cell systems are costly it will serve as the best 

alternate fuel for petrol and diesal. Research should be done to reduce the cost. Possibility of using carbon 

nanotubes for storing hydrogen can be tried. All problems can be solved through further research and discussion. 
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