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FUEL CELLS
A fuel cell is an electrochemical energy conversion device that is able to convert chemical energy directly into electrical energy. It is different from a solar cell, also known as a photovoltaic (PV) cell, which uses the sunlight directly to generate electricity. 
The basic fuel cell
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The above diagram demonstrates the flow of Hydrogen through a fuel cell and the creation of electrons.
This simple diagram shows that two “inputs” are required for the fuel cell to produce electricity. These two inputs are the fuel (which is usually the chemical, hydrogen) and an oxidant (which is an agent that supplies oxygen, typically air).

Fuel cells generate electricity through an electrochemical reaction known as reverse electrolysis. This reaction combines the fuel and the oxidant to form direct current (DC) electricity, water vapour and heat. All fuel cells have the same three basic elements.
The outside layers of a fuel cell are the anode plate, with a positive charge, and the cathode plate, with a negative charge. All fuel cells have a centre electrolyte plate and these elements create catalytic environments that encourage certain electrochemical functions. 

The fuel (in this case, hydrogen) is fed into the anode of the fuel cell. The oxidant (which is oxygen in this diagram) enters the fuel cell through the cathode. Encouraged by an anode catalyst, the hydrogen atom splits into a proton and an electron which take different paths to the cathode. The protons pass through the electrolyte. The electrons flow along a separate path, producing electrical current in a circuit. Then the electrons return to the cathode, to be reunited with the hydrogen and oxygen in a molecule of water. The cathode allows water and surplus heat to be used as additional sources of energy. 
What are the different types of fuel cell? 
While all fuel cells share the same basic elements, there are a wide variety of fuel cells which are available to provide electricity. The different fuel cell types use different electrolytes (an electrolyte is a substance that conducts electricity). In the fuel cell, the electrolyte can be a form of lithium, sodium, potassium or another suitable material.

One of the simplest fuel cell forms is the proton exchange membrane (PEM) fuel cell. In a PEM fuel cell, the electrolyte is the proton exchange membrane, which is a specially treated material and it looks something like ordinary kitchen plastic wrap. This electrolyte only conducts positively charged ions.

Hydrogen does not need to be the sole source of fuel in a fuel cell. Since hydrogen is difficult to store and distribute, it would be much more convenient if fuel cells could use fuels that are more readily available. The problem is addressed by a device known as a reformer. This device turns hydrocarbon or alcohol fuels into hydrogen which is then fed to the fuel cell. Some of the more promising fuels are methanol, natural gas and diesel or petrol. In fact, a fuel cell can run on rotting organic material, like vegetation, because that gives off gasses that contain hydrogen. 

There is a wide range of fuel cell sizes and the smallest fuel cells will produce a mere one watt of power while the largest systems will generate one megawatt of electricity. Small fuel cells will be able to power electric cars. Large fuel cells can provide electricity in remote areas. 
The history and development of fuel cells
The early origins of the fuel cell begin with the discovery of hydrogen by the renowned English chemist and physicist Henry Cavendish. He was the first person to recognise hydrogen gas as a distinct substance in 1766. The term “hydrogen” was given by French chemist Antoine Lavoisier in 1788. 
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Above - Henry Cavendish conducting a scientific experiment and the first to discover hydrogen.
Before the development of the fuel cell, one of the first uses of hydrogen was for balloons. The hydrogen was obtained by mixing sulphuric acid and iron. The Frenchman, Jacques Charles, invented the first hydrogen balloon in 1783. The Charlière balloon became the definitive form of a hydrogen balloon for the next 200 years. Currently, helium gas is preferred for balloons and airships because it is not flammable (unlike the highly flammable hydrogen gas) and helium is lighter than air. 

[image: image3.jpg]



Above - The disastrous last flight of the Hindenburg Zeppelin airship, which curtailed the use of hydrogen in airships and balloons.
In 1839, the principle of the hydrogen fuel cell was discovered by Sir William Grove, a Welsh judge, inventor and physicist. He is known as “the father of the fuel cell”. Grove discovered that oxygen and hydrogen could be combined to produce water and electricity in a device that he called a “gas battery”, which became the world’s first fuel cell. 
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Above: A hydrogen fuel cell

The term “fuel cell” was first used in 1889 by German chemist and industrialist Ludwig Mond and his assistant Charles Langer. However, the growing development and use of the internal combustion engine halted the early progress of fuel cells.

In 1932, the first successful fuel cell was developed by Sir Francis Bacon, an engineer at Cambridge University in Cambridge, England (he was a direct descendant of his seventeenth century philosopher namesake). Dr Francis Bacon also developed a 5kW fuel cell system in 1959. During the same year, Harry Ihrig of the Allis-Chalmers Manufacturing Company unveiled a new 20-horsepower tractor, which was the world’s first fuel cell vehicle. 

Soon after, the National Aeronautics and Space Administration (NASA) used fuel cells in its early space program. NASA was formed in 1958. Unlike standard batteries and solar cells, the new hydrogen fuel cells were compact and produced water and heat to sustain NASA astronauts in outer space. This led to extensive US Government research into fuel cells, mainly for the Gemini and Apollo space programs, and they are still used today in the space shuttle program. 
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Above - hydrogen fuel cells were and are extensively used on-board spacecraft to supply water, heat and electricity.
The commercial benefits of fuel cells were demonstrated by Union Carbide, an American chemical and polymers company (which demonstrated a fuel cell powered mobile radar set) and Pratt & Whitney, an American aircraft engine manufacturer (which was contracted to produce power systems for NASA).

Fuel cells in Australia
The nation’s first fuel cell was installed in the Australian Technology Park outside of Sydney in 1998. Natural gas is the fuel for this commercial fuel cell, which produces electricity rated at 200 kilowatts (backed up by a diesel generator) and hot water (at 65 degrees Celsius), which is used at a nearby hotel. 

In 2003, Western Australia’s first fuel cell was installed at the Research Institute for Sustainable Energy’s (Rise) Renewable Energy Systems Test Centre (ResLab) at Murdoch University. ResLab successfully tested a 1.2 kilowatt (kW) fuel cell in January 2006.
Australia is also home to Ceramic Fuel Cells Ltd (CFCL), a world leader in the development of solid oxide fuel cells. Since it was established in 1992, CFCL has spent approximately $150 million on the development of solid oxide fuel cell technology. The company's world class pilot production facility is located in Melbourne, and in 2004 CFCL established a United Kingdom subsidiary. CFCL is well positioned to offer its fuel cell systems to appliance manufacturers around the world, enabling the efficient and steady generation of clean electricity. Western Australian electricity utilities were proud to support this company in the early stages of development, and are still a shareholder in CFCL. Most Australian state electricity utilities became partners of CFCL in 1994.  CFCL listed on the ASX in 2004 and also listed on the London AIM market in March 2006.  

 In 2009 CFCL launched a new modular gas-to-electricity generator product. The new product – called BlueGen – is a ‘mini power station’ for homes and other buildings. The BlueGen unit converts natural gas to low emission electricity and hot water, reducing greenhouse gas emissions and saving on home energy bills.
Useful references
Information illustrating how a fuel cell works 
http://www.schatzlab.org/education/animation.html 
http://www.schatzlab.org/docs/PEMFC_Schematic.pdf http://www.fuelcells.org/basics/how.html

Information about the use of reformers in fuel cells
http://science.howstuffworks.com/fuel-processor.htm

Information about today’s complex fuel cells
www.eere.energy.gov
Comparison chart of different fuel cells
www.eere.energy.gov

General information about fuel cells
http://www.masstech.org/cleanenergy/cells.htm http://www.batteryuniversity.com/parttwo-52.htm
http://www.fuelcells.org/
http://www.hydrogen.org.au
http://www.hydrogen.asn.au
History and development of fuel cells
http://www.answers.com/topic/henry-cavendish http://en.wikipedia.org/wiki/Antoine_Lavoisier http://www.fuelcelltoday.com/fuel-cell-info;jsessionid=A2F614622EA014D5AE38EF10EDD6B047

For more information about NASA’s fuel cell programs
http://science.nasa.gov/headlines/y2003/18mar_fuelcell.htm

Fuel cell basics – applications
http://fuelcells.org/basics/apps.html

Advantages and disadvantages of using fuel cells http://www.fuelcellmarkets.com/fuel_cell_markets/5,1,1,663.html
http://www.energyor.com/FuelCellBenefits.htm http://www.fuelcelltoday.com/media/pdf/education-kit/Advantage-Disadvantages.pdf http://www.fuelcells.org.au/Fuel-Cell-Education.htm
http://ezinearticles.com/?Disadvantage-of-Fuel-Cells&id=1788240 http://www.associatedcontent.com/article/250995/the_disadvantages_of_hydrogen_fuel.html?cat=15

Fuel cells in Australia 
www.cheresources.com/ausseycellzz.shtml
www.rise.org.au/info/Tech/fuelcells/index.html
http://www.cfcl.com.au
http://www.dpi.wa.gov.au/greentransport/19524.asp 
General information
http://www.fuelcells.org/
http://www.hydrogen.org.au
http://www.hydrogen.asn.auhttp://www.cfcl.com.au 

Perth fuel cell bus trial
http://www.dpi.wa.gov.au/greentransport/19524.asp
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