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ABSTRACT

World over, consumption of energy resources is disproportionate to the known reserves.  Even though coal accounts for more than 90 percent of the known fossil energy sources, its share in meeting the energy needs is significantly low.  Any deliberate attempt to increase the use of coal will be met with economic constraints controlled by environmental considerations. On the other hand, it is well recognized that hydrogen, with its zero emission potential, is the ultimate energy source.  Absence of free hydrogen source and want of economical way to derive it from water is holding its domination on the energy scene.  Technological developments are however, being pursued towards this end of hydrogen based energy scenario.  Such efforts can be complemented and hastened by operating all conventional steam cycle power plants to their full capacity and make use of surplus power to generate hydrogen for use as transportation fuel.

By such a practice, it is observed that additional 620 million megawatt hour energy generation is annually possible by operating 335 plants situated in 42 states to 85 percent capacity.  This is equivalent to 340 million barrels of oil on the basis of 75 percent conversion efficiency for hydrogen generation.  In 15 states the oil replacement capacity can exceed 10 million barrels.  Oil replacement potential will proportionately increase by increasing capacity utilization (some plants are run at 98%) and improving conversion efficiency (90% is possible with solid polymer electrolytes).  Additional 38 percent oil replacement value is possible.  While toxic emissions from automobile exhaust can be eliminated totally, the net generation of carbon dioxide will apparently increase.  Such an increase is however be comparable to other means of using coal for hydrogen generation.  More importantly, its generation will be restricted to a few locations as against thinly dissipating the same all over the country by way of automobile exhaust.  This would enable application of any carbon sequestration process very practical. 
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Environmental considerations in terms of restricting emissions of carbon dioxide and oxides of sulfur and nitrogen have relegated lowest priority to abundant coal as a primary energy source over the much scarce oil & natural gas.  It has also been realized that hydrogen, with its apparent zero emissions potential, is undoubtedly the future source of energy.  But, the absence of a free source of hydrogen and the unfavorable economics of its large-scale production from water is holding the shift in energy usage pattern.  At the same time, significant technological developments are being made in the recent years on various aspects of hydrogen generation, storage, transportation and use.  Specific efforts relate to hydrogen as the fuel to run internal combustion engines as well as automobiles run by fuel cells based on hydrogen.   Widespread use of hydrogen for transportation only can make a visible impact on the environment. This is particularly true with developed countries. Leading example is the United States America.  A study has been made to improve the prevailing situation by increasing the use of abundant coal as a primary energy source at the same time hasten the switch over to hydrogen as an end-use-energy-source specifically for transportation.  This strategy is proposed towards a balanced use of primary energy resources.  
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Technical feasibility of using hydrogen as a transportation fuel is known from the world war times1.  Not only has it been demonstrated to efficiently run internal combustion engines on hydrogen even commercial aviation was practiced.  Much research & development has taken place since then.  A Department of Energy (DOE) sponsored survey carried out by the National Renewable Energy Laboratory (NREL),2 summarizes the status of the economics of hydrogen production, storage, transport, and end-use technologies.

Based on the information contained in the DOE report cost of hydrogen produced by different processes is compared.  Figure 1 gives the cost in dollars per giga-joule and as a function of production capacity.  The cheapest process today is steam or non-catalytic oxidation of methane for which the raw material is natural gas.  The present analysis however relates to the use of abundant coal in the absence of scarce petroleum feed stock or natural gas.  Options left then are to use of coal through gasification route or the electrolysis of water.  The latter roughly costs twice the former.  But, to the extent already installed capacity can bemade use of for the production of electricity that much additional capital for the expensive gasification plants need not be sought.
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The installed capacity of the Utilities as of the year 1999 was 639,324 MW (Table 1) 3.  Conventional steam generating plants account for 382,270 MW, of which exclusively coal-based plants alone has the potential to provide 277,780 MW.  The balance has dual provision for coal, gas or oil.  The estimated power generation during the year 2000 from the steam based plants is 1994 billion kWh.  This accounts for 60% of the installed capacity.  The low capacity utilization is mostly due to demand fluctuations in a year, since the power once generated has to be consumed.   However, if these plants are run to their capacity, the surplus power generated can be used to produce hydrogen for use as transportation fuel.  By such a practice, petroleum products can be conserved to some extent.  Even though there would be a net increase in the quantity of carbon-dioxide emission, its generation will be localized effectively to a fewer points as against thinly dissipating its emission over the entire country by way of automobile exhaust.  Thus, it will be more practical to effectively implement carbon sequestration technologies when fully established.

By increasing the electricity generation from the current 60% of the conventional steam based plants to 85% the surplus power available is of the order of 850 billion kWh.  Theoretically, 94 kWh (of which 79 kWh is required as electrical energy) makes 1,000 ft3 of hydrogen4.  Assuming a process efficiency of 75% for the conventional electrolytic units, 1,000 ft3 of hydrogen requires 106 kWh of electricity and an additional 24 kWh as heat.  A unit weight of hydrogen is equivalent to 2.58 weight of gasoline.  100 billion kWh of energy is equivalent to 55 million barrels of transportation fuel at 75% conversion efficiency (Appendix A).  Thus, 850 billion kWh can provide 455 million barrels or 1.28 million barrels per day (MMBD) of petroleum fuel.   This is 15% of the current motor gasoline consumption or roughly, 60% of the diesel fuel used by the trucks in the country.

This estimated petroleum fuel replacement could further be enhanced by (a) operating coal-based plants beyond 85% capacity and (b) use of advanced solid polymer electrolyte with which the conversion efficiency of upto 90% for hydrogen generation is expected.  Thus, additional 38% of petroleum fuels can be conserved if power plants are run to 98 percent capacity.
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              STATEWISE POTENTIAL FOR PETROLEUM PRODUCT SUBSTITUTION                                
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Substitution of petroleum fuels by hydrogen generated through augmentation of unused steam generation capacity eliminates toxic emissions from road vehicles altogether. Apparently, there would be an increase in the quantum of carbon dioxide emitted.   But, at the same time it is important to note that specific generation of carbon dioxide, weight per weight of hydrogen obtained, is comparable to other processes to get hydrogen from coal5.  This is seen in Figure 2.   Further, in the changed scenario, the points of carbon dioxide emissions would be restricted to a few in number from thousands spread allover the country.  Hence, the application of any technology to sequester carbon dioxide becomes more feasible.

With this proposition of using the unused capacity of the power plants to generate hydrogen there is an option to set up electrolytic plants within power station limits and transport hydrogen or at independent locations convenient for distribution to consumer points.  For the later case, network already exists for the transmission of power. 

Further, ready availability of hydrogen at a coal based power plant will open another avenue to use hydrogen as a reducing agent to contain NOx.  An evaluation of its technical feasibility and economic viability in comparison with the process of Selective Catalytic Reduction (SCR) would be an interesting proposition.

These encouraging aspects of hydrogen cogeneration in steam based conventional power plants towards environmental safeguard, prompts establishing demonstration pilot projects.  Such a step will be a forerunner to wide spread usage of hydrogen as fuel in the future and will complement development of fuel cell based vehicles.  This can be in the first instance being in some exclusively coal-based power plants where sufficient spare capacity is available.    In this context, a detailed analysis of the performance of 450 utilities based fully or partly on coal during the years 1997 & 1999 reveals the following6.  Additional annual energy generation possible from among 335 plants situated in 42 states is 620 million MWh assuming these plants are run to 85% capacity utilization.  This is equivalent to 390 million barrels of oil on the basis of considerations detailed above at 75 percent conversion efficiency.  In 15 of these states oil replacement capacity exceeds 10 million barrels (Appendix B).  Hydrogen plant capacity linked to these plants mostly below 5 million Nm3 per day with median around 3.  This is well within the established designs of electrolytic plants (Ref. Fig 1).  Oil replacement potential will proportionately increase by increasing capacity utilization (some plants are run at 98%) and improving conversion efficiency (90% is possible with solid polymer electrolytes).  

CONCLUSIONS:  Operating all the conventional steam cycle power pants in the country to full capacity and using the surplus electricity to generate hydrogen to substitute some petroleum fuels for transportation is feasible.  A step in this direction would initiate the use of coal to substitute oil and pave way to commercial use of hydrogen as end-use-energy-source.
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A.1: Estimated primary energy consumption in 2000 



A.1.3: COAL (million short tons per year)

A.1.1: Petroleum products in million barrels per day (MMBD)
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