CAN HYDROGEN BE THE FUTURE ENERGY CARRIER?
The energy demand of this country is expected to grow at the rate of 4.5% per annum at least until 2020 as the economy growth is pegged at 7-8%.   This will lead to a growing gap between demand and supply of commercial energy with increasing dependence on imported oil which will rise from the present 70% to 100% in the next decade.   Since this will lead to undesirable effects in terms of economy, environment and also living comfort one has to seek substitutes for a viable energy security for the country.  In addition, the energy consumption shore of India is only 3.5 % of the world consumption in spite of the fact that our population is nearly 1/6 of the world.   This uneven distribution of energy consumption can not be sustained for long.   
Hydrogen and Fuel cells have been seen as alternatives for transport applications.   The purpose of this article is to seek the economic and market viability of this option.  The hydrogen initiative led politicians from many countries to follow suit without question the promises of the hydrogen enthusiasts.   Hydrogen is presented as the ultimate solution to all energy problems.   Hydrogen + air = Electricity (Fuel cells) + drinking water may sound very fascinating.   It is amusing to see on television representatives from industry or a few enlightened public drinking the drip-off from tail pipes of hydrogen fuel cell vehicles.   Indeed the conversion of hydrogen back to its natural state namely water is clean but how benign is the fabrication distribution of this energy carrier?   World governments have committed billions of Rupees/Dollars/Euros/ to the development of a hydrogen infrastructure with a focus on fuel cells as the delivery mechanism.   The questions to be addressed for this so called hydrogen economy are:

(i) How can hydrogen be produced economically with absolute environmental concerns?

(ii) Even if the production were to be possible, what is the technology for the storage of hydrogen with ultimate energy concerns in mind?

(iii) Are the countries capable of placing a distribution system and sustain the same?

 In the case of hydrogen production, the technologies available are Thermo-chemical routes (ii) Electrolytic generation (iii) Photolytic means (iv) Bio-chemical pathways and (v) Chemical routes.  Each of these technologies can be coupled with one another and one can generate further production methods and among them Photo-electrochemical and photo-microbial methods have been receiving attention in the last two decades.   However none of these technologies have reached a commercially viable situation due to various materials and methodology issues.   This is one of the barriers for the availability of hydrogen in the large scale.
The second barrier is the storage of hydrogen and release of the same at will appears to be a dream even though scientists are placing all kinds of figures of storage none of the technologies is viable at present.   Technology gap seems to be a big hurdle in this aspect.

Thus one is lead to a debate that what will be the true energy carrier in the future electrons or hydrogen?   Electricity generation from which ever source it can be will be transmitted directly by electrons and not by synthetic chemical energy carriers.   The transmission losses that one encounters will be smaller than what one will face if electricity generation were to be through fuel cells. The energy cascade of a representation hydrogen option is illustrated by the figures given in Table 1.

Table 1.  Energy consumed at various stages of hydrogen economy (HHV higher heating value of hydrogen)

	Stage
	Details 
	% of HHV
	Energy consumed in the form of 

	AC-DC conversion
	-
	5
	Electricity

	Electrolysis
	-
	35
	Electricity

	Compression 
	200 bar

800 bar
	8

13
	Electricity

Electricity

	Liquefaction 
	Small plants

Large plants
	50

30
	Electricity

Electricity

	Chemical hydrides
	CaH2, LiH
	60
	Electricity

	Road transport
	200 km 200 bar

200 km liquid
	13

3
	Diesel fuel

Diesel fuel

	Pipeline
	2000 km
	20
	Hydrogen

	On-site generation
	100 bar
	50
	Electricity

	Transfer
	100to 850 bar
	5
	Electricity

	RE-conversion
	Fuel cell, 50%
	5
	Hydrogen

	DC-AC conversion -
	5
	Electricity
	


Whichever scheme is chosen, a hydrogen economy will be extremely wasteful compared today’s energy system and to a sustainable energy future based on the efficient use of renewable energy i.e., the direct use of electricity and liquid fuels from biomass.  It is estimated that the power output of one wind turbines in the form of electrons will be equal to four wind turbines if the fuel cell route was resorted to for power needs.  This means that three wind turbines are necessary to compensate the energy losses arising from the hydrogen luxury to derive the power of one wind turbine .This means that wasteful electrochemical conversion processes such as electrolysis and fuel cells may have to avoided if that is possible.  In order to provide a viable hydrogen economy, the source of electrical energy has to be identified and developed.    Though renewable sources may be sufficient to match the increasing demand in some cases it cannot sustain the hydrogen luxury.  Hydrogen thus appears to be not a promising energy carrier more so in the route of the fuel cells. Even if cogeneration systems were to be developed, only the high temperature fuel cells like the solid oxide or molten carbonate fuel cells may compete with the conventional cogeneration systems in a natural gas economy.

All losses within a hydrogen economy are directly related to the nature of hydrogen.   Hence they cannot be significantly reduced by any amount of research and development.    The production, packaging, storage, transfer and delivery of the gas are so energy consuming that other solutions must be considered.   The market economy will always seek practical solutions and as energy becomes more expensive the most energy efficient of all the options will be selected.   From this point of view, the reality of Hydrogen economy appears to be a distant dream.   Hydrogen in its natural (molecular) form becoming an energy carrier depends on the skills of energy conversion technologists.   
