Global Perspective: Are Fuel Cells the Future?
With growing concern regarding global climate change and fossil-fuel depletion, attention is increasingly turning to renewable energy sources.  At the forefront of this development are hydrogen fuel cells, which, although first conceived over a century ago, are now beginning to rise in popularity due to their high efficiency and low emissions.

Fuel cells are often likened to batteries.  The primary difference between fuel cells and batteries, however, is that fuel cells do not need to be recharged; while batteries require a long recharging period and release toxic heavy metals when disposed of, fuel cells run continuously if provided with adequate fuel input.  This fuel may take the form of natural gas, methanol, gasoline, or pure hydrogen—almost anything from which hydrogen may be extracted.


Although numerous types of fuel cells are available, the most common is the proton exchange membrane (PEM) fuel cell.  Although the specific reactions within the fuel cell involve several steps, they can be summarized as follows.  Pressurized hydrogen gas enters the fuel cell and comes in contact with a platinum catalyst that causes hydrogen molecules (H2) to split into hydrogen ions (H+), also known as protons, and electrons.  A proton exchange membrane allows protons (H+)—but not the electrons—to flow through it.  The electrons instead flow through an electric circuit to do work such as generating light or running a motor.  The hydrogen ions flow through the proton exchange membrane and recombine with the electrons that have passed through the circuit and with oxygen to form water.

Numerous obstacles are delaying the process of fuel cell development.  Most prominently, hydrogen used to power the cell is difficult to obtain in a pure state.  While pure hydrogen gas produces the highest efficiency and lowest emissions, it is highly flammable, difficult to store, and not available to consumers as readily as oil-derived fuels.  The hydrogen may be extracted from hydrocarbons through a process known as fuel reformation, but this results in slightly impure hydrogen, decreasing the efficiency of the fuel cell.  Fuel reformation also releases carbon dioxide, nitrous oxide, and particulate matter, although in vastly lesser quantities than are released by traditional electricity production techniques.  Manufacturing costs are currently high because the economies of scale experienced with mass production have not yet developed.

Fuel cells have been developed for specialized use in numerous fields.  The National Aeronautics and Space Administration (NASA) developed cells for use abroad spacecrafts in the 1960s due to their size, weight, and nontoxic emissions, which, as an added bonus, provided pure drinking water for the crew.  Some schools, banks, and offices have installed fuel cells to provide electricity.  While large-scale power generation and industrial applications have not yet been developed, fuel cells may soon be adapted for these purposes, and residential applications may soon follow.


The advantages of fuel cells over other power sources are numerous.  With a low operating temperature and minimal noise generation, fuel cells are safe to install in semiexposed areas.  Cells are also self-sustaining, making them ideal for locations far removed from traditional electricity production facilities.  Because they can operate separately from the power lines associated with most electricity distribution systems, the risk of weather-related power outages is also diminished.  Their most important benefit, however, is that they do not pollute.  When fueled by pure hydrogen, water, heat, and electricity are the only by-products.  Although currently powered by modified fossil fuels, fuel cells are capable of extracting far greater quantities of energy from each unit of fuel than other methods of power generation, thereby reducing the need for fossil fuel extraction.


One of the most significant prospects for future development of fuel cells is in the automotive industry.  Although there are some technical difficulties arising from adapting fuel cells for vehicular rather than stationary use, many leading automotive companies agree that fuel cells will be the successor to the internal combustion engine.  Experimental buses are already on the road in selected European and American cities, and similar cars are expected to follow.


Some renewable energy enthusiasts foresee the development of a “hydrogen economy” in which thousands of jobs would be created for the development of fuel cell technology.  The manufacture of fuel cells, the construction of hydrogen fuel storage and transport systems, and the development of associated products could potentially employ more people than currently work in fossil-fuel operations.

What do you think? Should fuel cells be pursued as a viable alternative to fossil-fuel combustion? Do the costs of research and development outweigh the benefits of fossil-fuel conservation? Are there other alternative energy sources that should be pursued with more vigor? Is the “hydrogen economy” a feasible vision for our energy future?


For more information, check out:

www.fuelcellstore.com
www.fuelcelltoday.com
www.howstuffworks.com/fuel-cell.htm
