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The first element of the periodic table, which is also the most abundant element in the universe, may be the panacea to solving world’s energy crisis as well as the environmental and ecological issues arising from carbonaceous emissions. In this article we introduce hydrogen as a commercially viable fuel and some emerging technologies that make use of this clean fuel.

Why Hydrogen?

Hydrogen can be used as a fuel replacing gasoline in the automobiles. This means, the size and look of automobiles is unlikely to change with the use of hydrogen as fuel.  Hydrogen burns clean inside fuel cells and the only resulting emission is water. Hydrogen is considered the ultimate fuel of the future as it has beneficial effects on global warming, environment and ecology. There are cost benefits of using hydrogen as fuel, by reduction in the requirements of pollution control. There are health benefits of using hydrogen as fuel – emissions from hydrocarbon combustion are often believed to be carcinogenic. 

There are also some  disadvantages of hydrogen in addition to the current high cost of production. Diffusion of hydrogen in storage vessels could result in an alteration of the physical properties of the containers. The gas is highly inflammable. It can mix with air very fast and hence poses risk in poorly ventilated areas.  Mixture of hydrogen and oxygen (as in fuel cells) has a very low ignition point and therefore requires additional safety mechanisms. The environmental benefits of using hydrogen will need to be weighed against the fact that hydrogen production using conventional methods causes the same emissions (though localized) resulting in a zero-sum game.  Newly emerging technologies may overcome this problem.

The chemistry behind hydrogen

A common class of chemical reactions is called combustion, meaning combination with Oxygen.  Combustion yields energy in the form of heat. The heat of reaction between carbon and oxygen, as well as hydrogen and oxygen at 101.3kPa, 298K) are shown for comparison:

C(solid)+O2(gaseous)  ( CO2(gaseous)             (H =  -394 kJ/mol  ….(1)

2H2(gaseous)+O2(gaseous) (  2H2O (liquid)     (H = -572  kJ/mol  ….(2)

The CO formation and H2O formation from (H+ + OH-) produce lower heat than the above two.  Evident from the above equations is the fact that combustion of hydrogen produces heat comparable to that of carbon combustion.  The combustion of hydrogen is governed by the single chemical reaction in (2).  The production of hydrogen can be achieved through several chemical reactions. At normal temperature and pressure, hydrogen can be produced in small quantities by active metallic elements in water:

2MTL (solid)+ 2H2O(liquid) (  2MTLOH(liquid) + H2(gas) …(3)

where MTL stands for a metal such as zinc, magnesium, sodium, calcium etc.  The rate of such reactions is too slow to produce any useful quantity of hydrogen. Direct anodization of metals also would slowly produce hydrogen:

MTL(solid) + H2O ( MTLO + H2(gas) …(4)

The rate of reaction (4) can be somewhat hastened up using catalysts. 

Conventionally, the industrial production of hydrogen involves the high temperature oxidation of carbon and methane:

C(solid) + H2O(gas)  ( CO(gas) + H2(gas) …(5)

CH4(gas) + H2O(gas) ( CO(gas) + 3H2(gas) ...(6)

The carbon monoxide in equations (5) and (6) is similarly further oxidized into carbon dioxide releasing hydrogen gas.

Electrolysis of water also can produce hydrogen by breaking the H2-O bonds, though energy is expended in the process.  The enthalpy of that reaction is once again governed by equation (2) in the reverse direction. While the entropy calls for a cost associated with this process, the main advantage is that input (water) is inexpensive and the products can be transported. In other words, hydrogen can be produced away from congested cities where pollution can be eliminated.

Hydrogen Technologies 

Hydrogen is separated from hydrocarbons through the application of heat—a process known as reforming. An electrical current can be used to separate water into its components of oxygen and hydrogen. This process is known as electrolysis. Some phototropic bacteria use sunlight as their energy source and produce hydrogen under certain conditions. While some of the hydrogen is used by the same organism in the biochemical reaction involving adenosine triphosphate synthase (ATP synthase), a good amount of hydrogen is released to surroundings resulting in bacterial acidification. These later ones are in their early research and development stage.

A fuel cell combines hydrogen and oxygen to produce electricity, heat, and water. Fuel cells are often compared to batteries. Both convert energy produced by a chemical reaction into usable electric power.  Unlike normal batteries fuel cells will produce electricity as long as fuel (hydrogen) is supplied, never losing its charge. Hydrogen fuel cells are highly similar to photovoltaic cells. The H2 is at the anode end and O2 at the cathode end. A catalytic mechanism enables the flow of electricity through a wire and this results in the creation of hydrogen ions at the anode end. A diffusion membrane dividing the electrodes permits a controlled one-way flow of hydrogen ions towards the cathode. Water is formed near the cathode.  

Japan, Germany, France and United States are now leading the race to produce hydrogen and related technologies. Recently, the city of San Francisco, United States declared its intention to become the first Hydrogen City on earth. The Federal government of United States has allotted $1.2 billion towards hydrogen research for the year 2003-2004. Ford Motor Company in United States has announced that by the year 2020 it will be rolling out the first hydrogen-powered cars on the road. Ford Motors research analysts expect that by the year 2050 half the number of automobiles in the world will use hydrogen as fuel.  Daimler-Chrysler manufactured the first fuel cell powered bus which now runs in Madrid, Spain. BMW also is developing hydrogen combustion engines.  Dow Chemical Company and General Motors have created a partnership to develop a fuel cell plant. Japan, France and Germany are actively working towards production, liquefaction, storage and logistics of hydrogen fuel cells.

Economics of Hydrogen as Fuel

Today hydrogen is 4-10 times more expensive than petroleum. The fuel cells are also considerably expensive to produce and maintain.  But the hydrogen fuel cell engines are nearly twice more efficient than gasoline engines translating into long term cost benefits. At present considerable money is invested in Research and Development to reduce the cost of hydrogen production and store it safely. Already one can buy hydrogen Fuel Cell Generator that produces 1.2 Kilowatt unit for a price of $8000 in U.S. This is much more expensive than a similar gasoline-powered generator at this point. However the price of the hydrogen generator is expected to be competitive by year 2010. It is predicted by 2031, 99 percent of the homes in the United States will be powered by hydrogen or other cleaner alternatives like wind or solar energy. Thus, a mass production of hydrogen and fuel cells in conjunction with the savings on emission control will provide the economic viability of the technology.

Hydrogen for India

India is an energy-starved nation. It has negligible fossil fuel deposits. It is imperative that India develops a farsight and gives high priority to energy research and development. Hydrogen is a very attractive alternative to petroleum  that is currently imported.  India is rich in biomass that can be used to produce hydrogen. The vast ocean coastal line and the perennial solar radiation can be treated as resources and exploited through appropriate technologies to produce the clean fuel.  The chemical industry in India is mature and lead by outstanding chemists who are capable of rising up to the challenge. Reputed Organizations such as CECRI can pioneer the development of hydrogen fuel cells.  The Indian ministry of non-conventional energy sources (which recently claimed that within two years there will be hydrogen-powered scooters), must work towards bringing the investment community and technocrats together and forge partnerships and private enterprises, rather than acting as a sole source of funding. The utopia of fresh air and green earth is just around the corner. One hopes that India doesn’t fall asleep at the wheel and drive straight past it.  
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