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Introduction:

The population of the world has crossed the mark of 675 crores and that of India is nearing 115 crores . Accordingly the vehicle population is increasing immensely. Vehicular emission is 70% of air pollution. Exhaust from vehicles has increased 8 fold in last 20 years , whereas industrial pollution has increased 4 times in that period. In India ,at Delhi everyday 1000 new cars are added to the existing 4 million in the city and it  this number is twice the number of 2000 A.D. The pollution level is 350 microgram per cubic meter in 2006-2007 & Nitrogen oxide is increasing in Delhi to dangerous level. Diesel vehicles are running at a rate of 2% of total vehicles just 7 years  ago and today it is 30% and it will be 50% in 2010.Delhi is choking due to inhale of Particulate materials whose diameters are more 2.5 microns and people are feeling just like prison. This is same case for all  other big metropolis like Delhi, Kolkata, Mumbai, Chennai.
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    Greenhouse gases  are emitted by India of 253 million metric tons and it’s position is 5th after U.S., China, Russia, Japan. Carbon emission has increased 9 fold in last 40 years. Carbon emission is expected to increase by 3.2% by 2020 A.D. Satellite data says in India, emission of Nitrogen oxide will increase by 5.5% per year.   CO2  emission from fossil fuel increases rapidly causing global warming. Total global emission is  shown as above .As discussed , Nitrogen oxide, hydrocarbons, Carbon dioxide are contribute to ‘Urban Smog, air pollution, rural air pollution, acid rain, & building up of green house gases in the atmosphere. 

   Carbon Based Fuel Alternative:

         The best way is to reduce the pollution by using emission free cars. Some may say that Government India has introduced CNG (Compressed Natural Gas) in  Delhi & metropolitan cities.  These fuels are cleaner than gasoline or diesel and would help cleaning to clean the air of some pollutants  , but inescapable facts are that they are fossil  fuels ,their supplies are limited and the greenhouse gas contributions are expected to be same as those of oil-based fuels. In other words, they still pollute . In fact  the combustion of any fuel produces some emissions. Combustion of fuel and burning crank case oil  produce hydrocarbons while heat from the engine produces nitrogen oxide. The only way to completely escape this pollution is using electric  motors. 

Vehicles using electric motors  are completely emission free and generally get their electricity from batteries , the sun or hydrogen fuel cells. 

Pollution free battery powered vehicles

Battery powered electric cars have many advantages over the internal combustion engine, being more efficient and having fewer moving parts that inevitably wear out and break. The problems with batteries , however , are their range, recharge time, size and weight. The short driving , typically about 150 km, make it impractical for driving long distance because it takes so long to recharge, about 8hours. Further current lead-acid batteries consume over 17 as much space and 45 times as much weight as gasoline tanks. The battery requires 1.35 cum of space and 3050 kgs for a driving range equivalent 60liter of gasoline. Ford, General Motors, Chrysler are working jointly on better batteries than those currently available in order to solve these problems.
Solar –powered cars:
Solar cars ,simply are electric cars that derive some fraction of their energy from the sun. Since the sun is not out  at night, or it is very cloudy, solar cars are equipped with batteries. When the sun out , the car can move ,charge its battery or both. They have the advantages  of not needing as much city power to charge them as battery powered cars, and some solar cars have ranges of about 200 kms. The  range is higher than that of battery powered cars because they can charge themselves and run longer  using sun, but since they are dependant on batteries when the sun is not out, they have drawbacks of their counterparts, namely ; the size, weight and range restrictions associated with batteries.
Using of Bio-fuel / Bio diesel in car:

    
No doubt emission will be reduced by using bio fuel/ bio diesel up to 61% of fossil  fuel emission, but production of biodiesel from jatropha or vegetable oils will depend on the cultivation . Still there are some emission which may increase the green house gases. Government of India and private firms throughout country are trying their best , but productions are not up to the expectation. At least  30 million hectares of land are to be planted jatropha to make biodiesel self sufficient. 

Ultimate alternative:


The best pollution free alternative to batteries while still using clean electric motors is the hydrogen cell. Hydrogen powered fuel cells hold enormous promise as a power source for future generation of  cars. They do not have the restraints that batteries do. 
Hydrogen is the simplest element known to man. Each atom of hydrogen has only one proton. It is also the most plentiful gas in the universe. Stars are made primarily of hydrogen. The sun is basically a giant ball of hydrogen and helium gases. In the sun's core, hydrogen atoms combine to form helium atoms. This process—called fusion —gives off radiant energy. This radiant energy sustains life on earth. It gives us light and makes plants grow. It makes the wind blow and rain fall. It is stored as chemical energy in fossil fuels. Most of the energy we use today came from the sun's radiant energy. Hydrogen gas is lighter than air and, as a result, it rises in the atmosphere. This is why hydrogen as a gas (H2) is not found by itself on earth. It is found only in compound form with other elements. Hydrogen combined with oxygen, is water (H2O). Hydrogen combined with carbon, forms different compounds such as methane (CH4), coal, and petroleum. Hydrogen is also found in all growing things—biomass. It is also an abundant element in the earth's crust. Hydrogen has the highest energy content of any common fuel by weight(about three times more than gasoline), but the lowest energy content by volume (about four times less than gasoline). It is the lightest element, and it is a gas at normal temperature and pressure. 

 
Hydrogen is consumed by a pollution free chemical reaction –not combustion in a fuel cell. The fuel cell simply combines hydrogen and oxygen chemically to produce electricity, water, and waste heat. Nothing else. Hydrogen is the most abundant element in the universe constituting about 93%of all atoms. It is found in water , fossil fuels and all plants and animals. Water contains 73%  in the world & non exhaustible.  This is a batter replacement  for finite and non renewal gasoline The .use of hydrogen is compatible with nature, rather than intrusive. We will never out of hydrogen.

Hydrogen can be obtained from water by the process of electrolysis or splitting water molecules using electricity. We cannot , however , forget the external effects of getting the electricity from the power plants. Many power plants in the country producing electricity to charge batteries or to produce hydrogen, run on carbon based fuels such as coal and produce emissions. However in our country power is received from hydro power  plants also which have no emissions.
 Types of fuel cells:
	Fuel Cell Name
	Electrolyte
	Qualified Power (W)
	Working Temperature (°C)
	Electrical efficiency
	Status
	

	Metal hydride fuel cell
	Aqueous alkaline solution (e.g.potassium hydroxide)
	N.A.
	above -20
(50% peak @ 0°C)
	N.A.
	Commercial/Research
	

	Electro-galvanic fuel cell
	Aqueous alkaline solution (e.g., potassium hydroxide)
	N.A.
	      under 40

	N.A.
	Commercial/Research
	

	Direct formic acid fuel cell (DFAFC)
	Polymer membrane (ionomer)
	to 50 W
	under 40
	N.A.
	Commercial/Research
	

	Zinc-air battery
	Aqueous alkaline solution (e.g., potassium hydroxide)
	N.A.
	under 40
	N.A.
	Mass production
	

	Microbial fuel cell
	Polymer membrane or humic acid
	N.A.
	under 40
	N.A.
	Research
	

	Upflow microbial fuel cell (UMFC)
	
	N.A.
	under 40
	N.A.
	Research
	

	Reversible fuel cell
	Polymer membrane (ionomer)
	N.A.
	under 50
	N.A.
	Commercial/Research
	

	Direct borohydride fuel cell
	Aqueous alkaline solution (e.g., sodium hydroxide)
	N.A.
	70
	N.A.
	Commercial
	

	Alkaline fuel cell
	Aqueous alkaline solution (e.g., potassium hydroxide)
	10 kW to 100 kW
	under 80
	Cell: 60–70%
System: 62%
	Commercial/Research
	

	Direct methanol fuel cell
	Polymer membrane (ionomer)
	100 kW to 1 MW
	90–120
	Cell: 20–30%
System: 10–20%
	Commercial/Research
	

	Reformed methanol fuel cell
	Polymer membrane (ionomer)
	5 W to 100 kW
	(Reformer)250–300
(PBI)125–200
	Cell: 50–60%
System: 25–40%
	Commercial/Research
	

	Direct-ethanol fuel cell
	Polymer membrane (ionomer)
	up to 140 mW/cm²
	above 25
 90–120
	N.A.
	Research
	

	Direct formic acid fuel cell
	Polymer membrane (ionomer)
	N.A.
	25+
	N.A.
	Research
	

	Proton exchange membrane fuel cell
	Polymer membrane (ionomer) (e.g., Nafion or Polybenzimidazole fiber)
	100 W to 500 kW
	(Nafion)50–120
(PBI)125–220
	Cell: 50–70%
System: 30–50%
	Commercial/Research
	

	RFC - Redox
	Liquid electrolytes with redox shuttle & polymer membrane (Ionomer)
	1 kW to 10 MW
	N.A.
	N.A.
	Research
	

	Phosphoric acid fuel cell
	Molten phosphoric acid (H3PO4)
	up to 10 MW
	150-200
	Cell: 55%
System: 40%
Co-Gen: 90%
	Commercial/Research
	

	Molten carbonate fuel cell
	Molten alkaline carbonate (e.g., sodium bicarbonate NaHCO3)
	100 MW
	600-650
	Cell: 55%
System: 47%
	Commercial/Research
	

	Tubular solid oxide fuel cell (TSOFC)
	O2--conducting ceramic oxide (e.g., zirconium dioxide, ZrO2)
	up to 100 MW
	850-1100
	Cell: 60–65%
System: 55–60%
	Commercial/Research
	

	Protonic ceramic fuel cell
	H+-conducting ceramic oxide
	N.A.
	700
	N.A.
	Research
	

	Direct carbon fuel cell
	Several different
	N.A.
	700-850
	Cell: 80%
System: 70%
	Commercial/Research
	

	Planar Solid oxide fuel cell
	O2--conducting ceramic oxide (e.g., zirconium dioxide, ZrO2 Lanthanum Nickel Oxide La2XO4,X= Ni,Co, Cu.)
	up to 100 MW
	850-1100
	Cell: 60–65%
System: 55–60%
	Commercial/Research
	


Proton exchange membrane  (PEM) fuel cells
There   are several types fuel cells , but most suited for cars is called the Proton exchange membrane  (PEM) fuel cells. A PEM fuel cell uses hydrogen fuel and oxygen from the air to produce electricity.
A fuel cell is an electrochemical conversion device. It produces electricity from fuel (on the anode side) and an oxidant (on the cathode side), which react in the presence of an electrolyte. The reactants flow into the cell, and the reaction products flow out of it, while the electrolyte remains within it. Fuel cells can operate virtually continuously as long as the necessary flows are maintained
Fuel cells are different from electrochemical cell batteries in that they consume reactant, which must be replenished, whereas batteries store electrical energy chemically in a closed system. Additionally, while the electrodes within a battery react and change as a battery is charged or discharged, a fuel cell's electrodes are catalytic and relatively stable.
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Many combinations of fuel and oxidant are possible. A hydrogen cell uses hydrogen as fuel and oxygen as oxidant. Other fuels include hydrocarbons and alcohols. Other oxidants include air, chlorine and chlorine dioxide.
A fuel cell works by catalysis, separating the component electrons and protons of the reactant fuel, and forcing the electrons to travel though a circuit, hence converting them to electrical power. The catalyst is typically comprised of a platinum group metal or alloy. Another catalytic process takes the electrons back in, combining them with the protons and the oxidant to form waste products (typically simple compounds like water and carbon dioxide).

In the archetypal hydrogen–oxygen proton exchange membrane fuel cell (PEMFC) design, a proton-conducting polymer membrane, (the electrolyte), separates the anode and cathode sides. This was called a "solid polymer electrolyte fuel cell" (SPEFC) in the early 1970s, before the proton exchange mechanism was well-understood. (Notice that "polymer electrolyte membrane" and "proton exchange membrane" result in the same acronym.)

On the anode side, hydrogen diffuses to the anode catalyst where it later dissociates into protons and electrons. These protons often react with oxidants causing them to become what is commonly referred to as multi-facilitated proton membranes (MFPM). The protons are conducted through the membrane to the cathode, but the electrons are forced to travel in an external circuit (supplying power) because the membrane is electrically insulating. On the cathode catalyst, oxygen molecules react with the electrons (which have traveled through the external circuit) and protons to form water — in this example, the only waste product, either liquid or vapor.

In addition to this pure hydrogen type, there are hydrocarbon fuels for fuel cells, including diesel, methanol (see: direct-methanol fuel cells) and chemical hydrides. The waste products with these types of fuel are carbon dioxide and water

The materials used in fuel cells differ by type. The electrode–bipolar plates are usually made of metal, nickel or carbon  nano tubes, and are coated with a catalyst (like platinum, nano  iron powders or palladium) for higher efficiency. Carbon paper separates them from the electrolyte. The electrolyte could be ceramic or a membrane.

A typical PEM fuel cell produces a voltage from 0.6 V to 0.7 V at full rated load. Voltage decreases as current increases, due to several factors:

· Activation loss 

· Ohmic loss (voltage drop due to resistance of the cell components and interconnects) 

· Mass transport loss (depletion of reactants at catalyst sites under high loads, causing rapid loss of voltage)

To deliver the desired amount of energy, the fuel cells can be combined in series and parallel circuits, where series yield higher voltage, and parallel allows a stronger current to be drawn. Such a design is called a fuel cell stack. Further, the cell surface area can be increased, to allow stronger current from each cell.

Design Issue

· . The goal is to reduce the cost in order to compete with current market technologies including gasoline internal combustion engines. Many companies are working on techniques to reduce cost in a variety of ways including reducing the amount of platinum needed in each individual cell.  A firm of U.S. has experiments with a catalyst enhanced with carbon silk which allows a 30% reduction (1 mg/cm² to 0.7 mg/cm²) in platinum usage without reduction in performance. Monash University, Melbourne uses PEDOT instead of platinum. 
· Water and air management (in PEMFCs). In this type of fuel cell, the membrane must be hydrated, requiring water to be evaporated at precisely the same rate that it is produced. If water is evaporated too quickly, the membrane dries, resistance across it increases, and eventually it will crack, creating a gas "short circuit" where hydrogen and oxygen combine directly, generating heat that will damage the fuel cell. If the water is evaporated too slowly, the electrodes will flood, preventing the reactants from reaching the catalyst and stopping the reaction. Methods to manage water in cells are being developed like electroosmotic pumps focusing on flow control. Just as in a combustion engine, a steady ratio between the reactant and oxygen is necessary to keep the fuel cell operating efficiently. 

· Temperature management. The same temperature must be maintained throughout the cell in order to prevent destruction of the cell through thermal loading. This is particularly challenging as the 2H2 + O2 -> 2H2O reaction is highly exothermic, so a large quantity of heat is generated within the fuel cell. 

· Durability, service life, and special requirements for some type of cells. Stationary applications typically require more than 40,000 hours of reliable operation at a temperature of -35 °C to 40 °C, while automotive fuel cells require a 5,000 hour lifespan (the equivalent of 250,000 kilometers) under extreme temperatures. Automotive engines must also be able to start reliably at -30 °C and have a high power to volume ratio (typically 2.5 kW per liter). 

· Limited carbon monoxide tolerance of the anode
Fuel Efficiency:
The maximum  efficiency of hydrogen fuel cell is 60% (energy delivered from hydrogen to motor as electricity  is about 3 times greater than the  efficiency of internal combustion engine. The main features of this hydrogen fuel cell is that it has ability to start quickly and to run at moderate temperature of 1500F instead of 19000F like some other versions
Energy Density  Value:

Energy density of Hydrogen Fuel = 143 MJ/Kg

Energy  density  of  Gasoline         =46.9 MJ/Kg
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.Various parts of  Fuel cell Vehicles.

 PEM fuel cells are the center of an integrated propulsion system-one that is radically different from conventional vehicle systems. The diagram below shows the basic components of a hydrogen-fueled FCV.(Fuel Cell Vehicles)
FCVs like the one above use pure hydrogen as fuel, stored onboard the vehicle in highly pressurized tanks. Other FCVs are designed to use a liquid fuel such as gasoline or methanol, which is stored in a conventional, non-pressurized tank. FCVs using these fuels also need a reformer-a fuel processor that breaks down the fuel into hydrogen for the fuel cell, carbon dioxide, and water. Although this process generates carbon dioxide, it produces much less than the amount generated by gasoline-powered vehicles.
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Fuel cell vehicles can also be equipped with regenerative braking systems that capture the energy usually lost during braking and store it in an up-sized battery

Following parts of a Fuel Cell vehicles:
(1)  Fuel Stack
(2) Electric Motor

(3) PCU (Motor Control)

(4) Air Compressor

(5) Battery

(6) Hydrogen (H2O ) tank

Fuel Stack:

It uses hydrogen gas and air to produce electricity to power the electric motor. The stack typically consists of over 400 individual cells.

Electric Motor:
 An ECV can be powered by one of the several motors –some use as separate electric motor for each  wheel. These motors produce enough to propel ECVs at speed comparable to conventional vehicles.
PCU (Motor Control:

  It contains sophisticated electronics that manage the production and storage of electricity.
Air Compressor:

The amount of electricity a  fuel cell produces depends on how much fuel (hydrogen & air) is supplied to it. The air compressor controls the rate at which air is supplied  to the  stack according to the need for power.
Battery:

Some ECV employ a battery to store electricity produced from regenerative braking or from fuel cell stack. The store electricity can be used to help to power the electric motor or other electric devices. 

Hydrogen (H2O ) tank:

For ECV using pure hydrogen as a fuel , the hydrogen is stored as a gas in high pressure tanks so that enough fuel can be stored to give the vehicles a suitable driving range. In most current ECV , the fuel is capable of storing 400 kg/cm2 pressure  although higher pressure tanks are under development. 
The development in hydrogen storage technology have come up with “carbon – adsorption “ system These are refrigerated and pressurized tanks that can store massive amount of hydrogen. Calculations estimate that over  30 liters of hydrogen can be stored in a single gram of this new material. This allows a range nearly 8000 kilometers from a single tank. These tanks would weigh less than 90 kilograms , occupy about half the space used by current gasoline tank and could be refueled in just 4 to minutes. This carbon-adsorption tanks will be a great advantages in hydrogen fuel cell vehicles. 
Hydrogen Safety:
Many people are concerned with the safety of the hydrogen with a good reason. Hydrogen is a fuel and therefore combustible. Its combustion properties deserve the same caution any fuel should be given. Hydrogen has been suffering an image problem since the Hindenburg tragically caught fire and burned in New Jersey in 1937. where there were 62 survivors and 35 fatalities; 27 of the deaths resulted from jumping from the airship. Some died from burns and injuries caused by the diesel fuel fire, not from the burning hydrogen . "Fortunately, . . . 'hydrogen is not a particularly dangerous fuel.' If it leaks or spills, hydrogen disperses and evaporates much faster than gasoline, which minimizes the explosion hazard"  "The hazards of hydrogen are different from but not greater than those of conventional fuels" . Hydrogen can be and has been handled carefully and safely, just like any other inherently dangerous fuel such as gasoline . Hydrogen tanks have been put through series of demanding safety tests. They have been completely engulfed in flames at over 1,650°F for up to 70 minutes, perforated by solid objects such as armor-piercing bullets, and squeezed until they break with safety valves completely blocked. Sometimes the gas leaked out, sometimes it burnt, but it never exploded 
Hydrogen fuel cell vehicles on road:

Many large and well-known corporations trust and realize the potential of hydrogen. Some companies that already have hydrogen fueled vehicles on the road are: (1) Mercedes-Benz, with about 20 cars and vans, (2) BMW, which is testing liquid hydrogen in two sedans and plans to have a fleet of 100 hydrogen vehicles on the road in the 1990s, (3) Mazda, which had 3 vehicles as of 1993, and (4) Ballard Power Systems, which is developing and selling fuel cells and hydrogen-fuel-cell-powered buses to the city of Chicago.. Various individuals and universities are also researching and developing hydrogen vehicles.

On 15 November 2007 at the Greater Los Angeles Auto Show, Honda unveiled the FCX Clarity, the first production model, and announced that the car would be available for lease beginning in the summer 2008. Initial availability will be limited to the Southern California market, with availability expanding as hydrogen fueling stations become available. Leases will only be available for 36 months at $600 per month. 

Some companies manufactured and running successfully 
Cars:

 Honda, Hyundai , Audi, BMW,  Chrysler, Daimler, Fiat , Ford, G.M., Mazda, Morgan, PSA Peugeot, Renault, Nissan, Toyota, Volkgwagen

Truck & Bus:
Toyota: FCHV Bus

 Daimler : Mercedes –Benz Sprinter fuel cell Van
Airplanes:

Companies such as Boeing and Smartfish are pursuing hydrogen as fuel for airplanes. In February,2008 Boeing have tested a manned flight of a small aircraft powered by hydrogen fuel.

Motor cycle:

ENV  is developing powered by a hydrogen fuel cell including the Crosscage & Biplane. 
Vessel:

 Hydrogen ship : 2006-Xpeiance, 2007-Canal boat, 2008-Zemship  

 Race vehicles:
World’s first hydrogen race series in 2008-Element one-fuel cell vehicles
Vision of Fuel Cells in India:

· A group of Benaras Hindu University scientists & Ministry of Non-Conventional Energy resources from February ,2008 are maintaining 10 motor cycles & one 3-wheeler by hydrogen (i.e. Hydra-a mixture rare earth metals found in Odisha ,Keral & Assam)

· BHEL (Bharat Heavy Electrical Limited) is involved in the development of PAFC (Phosphoric Acid Fuel cell) & plans to develop 50 kW stack
· TERI has demonstrated biogas for generating  electricity  from a 2.5 kW stack imported from USA

· SPIC- SF (Science foundation)  is working on a PEM fuel cell & developed a stack . They have demonstrated a fuel cell battery hybrid vehicle using a 10 kW PEM Power plant
· TERI &Central Electrochemical on MCFC (Molten Carbonate Fuel Cell ) stack. TERI has  tested an MCFC  mono cell  on simulated coal gas  & working to develop a kW-level of stack with the aim of integrating it with a coal gasifier. 

· At IISc , Bangaluru, work on DMFC (Direct Methanol Fuel cell) is under way. .IISc & CGCRI (Central Glass & Ceramic Research Institute) are research on SOFC(Solid Oxide Fuel Cell ) 
· BHU, Benaras are doing research on metal hydride & as discussed earlier they are running motor cylcles and 3-wheeler.

· Ballard, USA are going to supply 10,000 fuel cells to India.

· BPCL (Bharat Petroleum Corporation Limited ) with Nippon are going generate 1000 MW of power through fuel cells.

· In July,2004 Dr.Abdul Kalam, the then President of India unveiled fuel cell prototype car developed by Reva Electric Car company, Bangaluru 

Though this is a small step in comparison to USA & other western countries,  still India is in lead in this field.
Conclusion:
Hydrogen-fuel-cell-powered cars are the best alternatives to polluting, gasoline-powered cars for several reasons:
(1) the cars are completely emission-free, 

(2)  the fuel cells have no moving parts, 
(3)  hydrogen is renewable and abundant,
(4)  the cars are compatible with cold weather, 
(5)  the fuel cells are compact and lightweight--not overly bulky or heavy,
(6)  the cars are about 3 times as efficient as gasoline-powered cars, 
(7)  the cars will have incredible mile ranges,
(8)  the tanks will be refueled quickly, and
(9)  hydrogen is safe, has been tested rigorously for use in vehicles, and is being used in many vehicles already. 
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