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There are many favorable arguments to be made for using hydrogen (H) as the fuel of the future (efficiency of utilization, lack of harmful residues, widespread availability if extracted from water, etc.); combined with the development of fuel cells it can easily replace fossil fuels in most applications within the next 10-15 years. One important current drawback is the relatively high price when compared to the available fossil fuels (natural gas – NG -, gasoline, even coal), which may be attributed partially to the lack of development of adequate infrastructure for production of H; equally important may be the lack of competing technologies for the this purpose. As the bulk of the current production of H comes from the steam reforming of NG (which makes for adequate supplies of hydrogen for current uses), the market price of H is necessarily higher than that of NG, which is a big deterrent in making H a preferential fuel. Even though currently some of the NG is practically wasted, meaning that the NG production can be significantly increased and eventually lead to a decrease in overall price, H prices will be higher than those of NG for the reason stated above. Another drawback is that through reforming of fossil fuels or methanol, H can be used in fuel cells efficiently (more than current technologies), but the carbon in these substances will be wasted as carbon dioxide, negating one important advantage of using H. So there is a need for producing H from sources outside fossil fuels or carbon-containing substances.

One development may be using genetically engineered bacteria that produce H from organic waste (food and plant residues, etc.). This may be a good utilization for the organic waste, considering that if left alone these products will eventually undergo fermentation and decomposition with the resulting carbon dioxide, methane and other greenhouse gases. Perhaps development of processes that may increase the yield of this method may make it worthwhile to be pursued commercially, not just a subsidized environmental activity.

Another very promising way is the photo electrolysis of water, described in “The New Chemistry” (authored by Nina Hall, 2000, ppg 429-434). Although this method (so far) is currently deemed too expensive to have commercial use, its efficiency is acceptable (10-15%) and has the big advantage of using a free source of energy (solar radiation) and the resulting of two useful gases: H and oxygen, which can potentially make it more profitable. One drawback may be that (being solar) it is most efficient in tropical and equatorial locations which may not very abundant in water, but this can be easily overcome by using coastal lines (with desalination), river valleys or aqueducts (as the Romans did 2000 years ago) to productions sites. Otherwise, this method produces no carbon dioxide or other greenhouse gasses and is probably the most environmentally friendly. The development of a commercially attractive method for photo electrolysis may be one of the best solutions for hydrogen production and it may happen in the near future.

Probably the most immediate way of producing H in commercial quantities, in a way consistent with the criteria listed above (environment, availability, price) will be using the oxidation of iron by heated steam, which takes place at around 600 degrees Celsius and produces H and iron oxide. This being an endothermic reaction (necessitates outside heat), the best two ways to employ it will be from using the waste heat in the iron-making process in the foundries, or by using the free solar heat.

The first method utilizes the waste heat from the blast furnace (described in “General Chemistry”, Linus Pauling, ppg 682-683, published by Dover in 1988). Water is currently used for cooling the parts of the blast furnace where the temperature is highest, thus impeding the melting of the furnace lining. This H production method will utilize the steam produced this way and the iron resulted from iron ore (or recycled) to make H. The temperature necessary for reaction may be achieved either by having the steam heated to 600 Celsius or by utilizing melted iron or a combination of these. The iron oxide resulted (having the same composition as magnetite, an iron ore), may be re-used for the making of iron. The more “waste heat” (used for cooling the blast furnace) is used, the more efficient the process. 

The second method for producing H by using iron and steam employs the use of solar energy. More than 50% of the solar radiation at earth surface (about 1,400 W/sq.m) is in the form of infrared and microwave, which happen to be in the water’s own absorption spectrum. It is already known that water can be heated efficiently by using solar reflectors, but currently most of them use metal alloys (stanium, aluminum) to make a very thin reflective sheet that concentrates the solar radiation in a small area for water heating or cooking. To employ the solar radiation more efficiently for making steam, the device used should have of course a concave shape (a parabolic dish is an example) to be able to focus the IR and microwave radiation in a small area, and also should be covered with titanium oxide, which is a white substance currently used in paints and is one of the most efficient reflectors in the IR and microwave spectrum. The temperature thus obtained in the collector vessel (containing water) should be above 250 Celsius; if 600 Celsius cannot be obtained directly from sun, then the iron used in reaction can be heated to 600 Celsius (using electricity produced from H), allowing the formation of H (which will be separated from steam using existing methods) and iron oxide. The efficiency of this way of producing H depends of how much of the solar energy is used to heat the steam and iron to the reaction temperature; using a dual reflector consisting of a titanium oxide coating over metal alloy or silver nitride can reflect more solar energy.

Both methods mentioned above may use iron filings from recycled metal; the iron oxide produced may decrease the need for mining for iron ores. The release of greenhouse gases by these methods is minimized by the use of recycled iron. The price of H obtained may successfully compete with the price of gasoline.

The same reaction can be used in the fuel cells for improving their efficiency in producing electricity, especially in the types that operate at high temperature: phosphoric acid and molten carbonate types. By using the heat and water that are byproducts in the generation of electricity in fuel cells, and the iron from an outside source in the ways described above, the efficiency of these two types of fuel cells can be greatly improved and be made more attractive to the utility companies as they may be implemented much closer to the electricity consumer. Transport and distribution costs (losses) of electricity are currently between 10-20%, and these can be eliminated if smaller (250 KW – 2 MW) fuel cells are operated in the vicinity of electricity consumers by the utility companies (generating some jobs in operation and maintenance). In remote areas, individual use fuel cells of 1-5 KW may be also more efficient than other methods. Very remote locations may make use of the electricity produced by a fuel cell based vehicle.  

Another area of development may be the storage of H, which currently has two main directions: storage under high-pressure containers and storage using absorption in metal hydrides. Both methods have advantages and drawbacks, so perhaps a way combining both is the most promising. The increased time for refilling the metal hydride container can be decreased to less than 10 minutes by using cold H in refilling stations. (new metal alloys can be patented to keep the costs low). Passing the H through a cooling device (embedded in the pump) to about 1-5 Celsius (refrigerator temperature), just before getting in the high-pressure (500-2500 psi), metal-hydride container may help store safely enough H for a 300 – mile trip. The cost of cooling the H may be offset if the H generation is effective enough, otherwise the high-pressure canisters may see more use than metal hydrides canisters.
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