http://www.fullinterview.com

http://www.1000projects.com

http://www.chetanasprojects.com


                                         Renewable Energy Systems:   

A Qualitative study of the new electrochemical devices 
called Fuel Cells

Abstract:       

Technically a fuel cell is an electrochemical energy conversion device. A fuel cell converts the chemicals hydrogen and oxygen into water and in the process it produces electricity. The other electrochemical device we are familiar with is the battery. A battery has all of its chemicals stored inside, and it converts those chemicals into electricity. This means that a battery eventually “goes dead” and you need to recharge it. With a fuel cell, chemicals constantly flow into the cell. So, it never goes dead-as long as there is a flow of chemicals into the cell, the electricity flows out of the cell. Most fuel cells in use today use hydrogen and oxygen as the chemicals. There are several different kinds of fuel cells, each using a different chemistry. The type of electrolyte they use classifies Fuel Cells. Some type of fuel cells work well for use in stationary power generation plants. Others may be useful for small portable applications or for powering cars. . The beauty of fuel cells is their versatility - since they are scalable, fuel cells can be stacked until the desired power output is reached. The voltage from a single cell is about 0.7 volts, just about enough for a light bulb. When the cells are stacked in a series, the operating voltage increases to 0.7 volts multiplied by the number of cells stacked. Fuel cells enable us to think about power generation in innovative ways
------------------------------------------------------------------------------------------------------------. Introduction to RES:

      “Renewable energy (sources)” or RES capture their energy from the existing flows of energy, from an on-going natural process. Such as sunshine, wind, flowing water, biological process, and geothermal heat flows.

      Renewable energy sources may be used directly, or used to create the other more convenient forms of energy. Examples of direct use are solar ovens, geothermal heating, and water-and wind mills. Examples of indirect use 

Which require energy harvesting are electricity generation through wind turbines or photovoltaic cells or through fuel cells.

Defining renewable

     The concept of renewable energy was introduced in the 1970s as part of an effort to move beyond nuclear and fossil fuels. The most common definition is that renewable energy is energy resource that is replaced rapidly by a natural ongoing process.

Modern Sources of renewable energy

· Solar energy

· Biogas

· Wind energy
· Geothermal energy
· OTEC

· Tidal power

· New Technologies (Chemical Sources of Energy, Hydrogen Energy)

      2. Introduction to Fuel Cells:
 One of the promising areas of new technologies which use chemical sources of energy and convert them into electrical energy is Fuel Cells.

 Technically a fuel cell is an electrochemical energy conversion device. A fuel cell converts the chemicals hydrogen and oxygen into water and in the process it produces electricity.

 The other electrochemical device we are familiar with is the battery. A battery has all of its chemicals stored inside, and it converts those chemicals into electricity. This means that a battery eventually “goes dead” and you need to recharge it. With a fuel cell, chemicals constantly flow into the cell. So, it never goes dead-as long as there is a flow of chemicals into the cell, the electricity flows out of the cell. Most fuel cells in use today use hydrogen and oxygen as the chemicals.

       There are several different kinds of fuel cells, each using a different chemistry. The type of electrolyte they use classifies Fuel Cells. Some type of fuel cells work well for use in stationary power generation plants. Others may be useful for small portable applications or for powering cars.

3.How Does a Fuel Cell Work?

A fuel cell is a device that uses hydrogen (or hydrogen-rich fuel) and oxygen to create electricity by an electrochemical process. A single fuel cell consists of an electrolyte and two catalyst-coated electrodes  sandwiched around the electrolyte. Oxygen passes over one electrode and hydrogen over the other, generating electricity, water and heat. While there are different fuel cell types, all work on the same principle:

· Hydrogen, or a hydrogen-rich fuel, is fed to the anode where a catalyst separates hydrogen's negatively charged electrons from positively charged ions (protons). 

· At the cathode, oxygen combines with electrons resulting in water or hydroxide ions. 

· For some types of fuel cells, protons move through the electrolyte to the cathode to combine with oxygen and electrons, producing water and heat. 

· For some other types of cells, negative ions travel through the electrolyte to the anode where they combine with hydrogen to generate water and electrons. 

· The electrons from the anode side of the cell cannot pass through the electrolyte to the positively charged cathode; they must travel around it via an electrical circuit to reach the other side of the cell. This movement of electrons is an electrical current. 

        
 INCLUDEPICTURE "http://www.fuelcells.org/fuelcells_files/how_diagram.jpg" \* MERGEFORMATINET 


                                                   
Fig 1. Schematic diagram of a fuel cell

Hydrogen fuel is fed into the "anode" of the fuel cell. Oxygen (or air) enters the fuel cell through the cathode. Encouraged by a catalyst, the hydrogen atom splits into a proton and an electron, which take different paths to the cathode. The proton passes through the electrolyte. The electrons create a separate current that can be utilized before they return to the cathode, to be reunited with the hydrogen and oxygen in a molecule of water. 
4. Types of Fuel Cells
Fuel cells are classified primarily by the kind of electrolyte they employ. This determines the kind of chemical reactions that take place in the cell, the kind of catalysts required, the temperature range in which the cell operates, the fuel required, and other factors. These characteristics, in turn, affect the applications for which these cells are most suitable. There are several types of fuel cells currently under development, each with its own advantages, limitations, and potential applications. They are:

· Alkaline Fuel Cells 

· Polymer Electrolyte Membrane (PEM) Fuel Cells 

· Phosphoric Acid Fuel Cells 

· Molten Carbonate Fuel Cells 

· Solid Oxide Fuel Cells 

· Direct Methanol Fuel Cells
Alkaline Fuel Cells


      Alkaline fuel cells (Arcs) were one of the first fuel cell technologies developed, and they were the first type widely used in the U.S. space program to produce electrical energy and water onboard spacecraft.
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Alkali fuel cells operate on compressed hydrogen and oxygen. They generally use a solution of potassium hydroxide (chemically, KOH) in water as their electrolyte and can use a variety of non-precious metals as a catalyst at the anode and cathode. Efficiency is about 70 percent, and operating temperature is 150 to 200 degrees C, (about 300 to 400 degrees F). Cell output ranges from 300 watts (W) to 5 kilowatts (kW). Alkali cells were used in Apollo spacecraft to provide both electricity and drinking water. They require pure hydrogen fuel, however, and their platinum electrode catalysts are expensive. And like any container filled with liquid, they can leak.

       In fact, even the small amount of CO2 in the air can affect the cell's operation, making it necessary to purify both the hydrogen and oxygen used in the cell. This purification process is costly. Susceptibility to poisoning also affects the cell's lifetime (the amount of time before it must be replaced), further adding to cost.
.   
Polymer Electrolyte Membrane (PEM) Fuel Cells
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Polymer electrolyte membrane (PEM) fuel cells—also called proton exchange membrane fuel cells—deliver high power density and offer the advantages of low weight and volume, compared to other fuel cells. PEM fuel cells use a solid polymer as an electrolyte and porous carbon electrodes containing a platinum catalyst. They need only hydrogen, oxygen from the air, and water to operate and do not require corrosive fluids like some fuel cells. They are typically fueled with pure hydrogen supplied from storage tanks or onboard reformers.

The technical advantages of  PEMFCs are low temperature operations, quick start up, and the development of compact cells due to thin Membrane Electrode Assembly (MEA Of the many commercial advantages include stationary power generation and transportation due to their portable nature (light in weight).

 The technical disadvantage of PEMFCs is high cost of manufacturing, lower efficiency and less durability. The efficiency of PEMFCs is up to 40% and the durability ranges from several months to a few years. 

Phosphoric Acid Fuel Cells
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Phosphoric acid (H3PO4) fuel cells use liquid phosphoric acid as an electrolyte—the acid is contained in a Teflon-bonded silicon carbide matrix—and porous carbon electrodes containing a platinum catalyst. The chemical reactions that take place in the cell are shown in the diagram to the right.

       The phosphoric acid fuel cell (PAFC) is considered the "first generation" of modern fuel cells,. This type of fuel cell is typically used for stationary power generation, but some PAFCs have been used to power large vehicles such as city buses.      PAFCs are more tolerant of impurities in fossil fuels that have been reformed into hydrogen than PEM cells, which are easily "poisoned" by carbon monoxide—carbon monoxide binds to the platinum catalyst at the anode, decreasing the fuel cell's efficiency. They are 85 percent efficient when used for the co-generation of electricity and heat, but less efficient at generating electricity alone (37 to 42 percent). This is only slightly more efficient than combustion-based power plants, which typically operate at 33 to 35 percent efficiency. PAFCs are also less powerful than other fuel cells, given the same weight and volume. As a result, these fuel cells are typically large and heavy. PAFCs are also expensive raises the cost of the fuel cell. 

       PAFCs' high performance is due to the rate at which chemical reactions take place in the cell. 

 The disadvantage of this fuel cell type is that it is easily poisoned by carbon dioxide (CO2 ). In fact, even the small amount of CO2 in the air can affect this cell's operation, making it necessary to purify both the hydrogen and oxygen used in the cell. 
Molten Carbonate Fuel Cells
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Molten carbonate fuel cells (MCFCs) are currently being developed for natural gas and coal-based power plants for electrical utility, industrial, and military applications. MCFCs are high-temperature fuel cells that use an electrolyte composed of a molten carbonate salt mixture suspended in a porous, chemically inert ceramic lithium aluminum oxide (LiAlO2) matrix. Since they operate at extremely high temperatures of 650°C (roughly 1,200°F) and above, non-precious metals can be used as catalysts at the anode and cathode, reducing costs.

       Improved efficiency is another reason MCFCs offer significant cost reductions over phosphoric acid fuel cells (PAFCs). Molten carbonate fuel cells can reach efficiencies approaching 60 percent, considerably higher than the 37-42 percent efficiencies of a phosphoric acid fuel cell plant. When the waste heat is captured and used, overall fuel efficiencies can be as high as 85 percent.    Molten carbonate fuel cells are not prone to carbon monoxide or carbon dioxide "poisoning" —they can even use carbon oxides as fuel—making them more attractive for fueling with gases made from coal. 

The primary disadvantage of current MCFC technology is durability. The high temperatures at which these cells operate and the corrosive electrolyte used accelerate component breakdown and corrosion, decreasing cell life. Scientists are currently exploring corrosion-resistant materials for components as well as fuel cell designs that increase cell life without decreasing performance.

Solid Oxide Fuel Cells
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Solid oxide fuel cells (SOFCs) use a hard, non-porous ceramic compound as the electrolyte. Since the electrolyte is a solid, the cells do not have to be constructed in the plate-like configuration typical of other fuel cell types. SOFCs are expected to be around 50-60 percent efficient at converting fuel to electricity. In applications designed to capture and utilize the system's waste heat (co-generation), overall fuel use efficiencies could top 80-85 percent.

Solid oxide fuel cells operate at very high temperatures—around 1,000°C (1,830°F). High temperature operation removes the need for precious-metal catalyst, thereby reducing cost. It also allows SOFCs to reform fuels internally, which enables the use of a variety of fuels and reduces the cost associated with adding a reformer to the system.

SOFCs are also the most sulfur-resistant fuel cell type; they can tolerate several orders of magnitude more sulfur than other cell types. High-temperature operation has disadvantages. It results in a slow startup and requires significant thermal shielding to retain heat and protect personnel, which may be acceptable for utility applications but not for transportation and small portable applications.. The development of low-cost materials with high durability at cell operating temperatures is the key technical challenge facing this technology.

Direct Methanol Fuel Cells

Most fuel cells are powered by hydrogen, which can be fed to the fuel cell system directly or can be generated within the fuel cell system by reforming hydrogen-rich fuels such as methanol, ethanol, and hydrocarbon fuels. Direct methanol fuel cells (DMFCs), however, are powered by pure methanol, which is mixed with steam and fed directly to the fuel cell anode.

Direct methanol fuel cells do not have many of the fuel storage problems typical of some fuel cells since methanol has a higher energy density than hydrogen—though less than gasoline or diesel fuel. Methanol is also easier to transport and supply to the public using our current infrastructure since it is a liquid, like gasoline.

Direct methanol fuel cell technology is relatively new compared to that of fuel cells powered by pure hydrogen, and DMFC research and development are roughly 3-4 years behind that for other fuel cell types.
5.  APPLICATIONS

Stationary 
Residential 
Transportation 
Portable Power 
 There are many uses for fuel cells — right now, all of the major automakers are working to commercialize a fuel cell car. Fuel cells are powering buses, boats, trains, planes, scooters, even bicycles. There are fuel cell-powered vending machines, vacuum cleaners and highway road signs. Miniature fuel cells for cellular phones, laptop computers and portable electronics are on their way to market. Hospitals, credit card centers, police stations, and banks are all using fuel cells to provide power to their facilities. 

Stationary. More than 2500 fuel cell systems                  have been installed all over the world — in hospitals, nursing homes, hotels, office buildings, schools, utility power plants, and an airport terminal, providing primary power or backup. In large-scale building systems, fuel cells can reduce facility energy service costs by 20% to 40% over conventional energy service. 

Residential. Fuel cells are ideal for power generation, either connected to the electric grid to provide supplemental power and backup assurance for critical areas, or installed as a grid-independent generator for on-site service in areas that are inaccessible by power lines. Since fuel cells operate silently, they reduce noise pollution as well as air pollution and the waste heat from a fuel cell can be used to provide hot water or space heating for a home. Many of the prototypes being tested and demonstrated for residential use extract hydrogen from propane or natural gas. 

Transportation. All the major automotive manufacturers have a fuel cell vehicle either in development or in testing right now, and Honda and Toyota have already begun leasing vehicles in California and Japan. Automakers and experts speculate that the fuel cell vehicle will not be commercialized until at least 2010. Fuel cells are also being incorporated into buses, locomotives, airplanes, scooters and golf carts. 

Portable Power. Miniature fuel cells, once available to the commercial market, will help consumers talk for up to a month on a cellular phone without recharging. Fuel cells will change the telecommuting world, powering laptops and palm pilots hours longer than batteries. Other applications for micro fuel cells include pagers, video recorders, portable power tools, and low power remote devices such as hearing aids, smoke detectors, burglar alarms, hotel locks and meter readers. These miniature fuel cells generally run on methanol, an inexpensive wood alcohol also used in windshield wiper fluid. 

6.Conclusions

The benefits of fuel cells are undeniable. The quiet, clean, and reliable nature of their operation and the efficiency with which energy is produced make fuel cells prime candidates for the soon-to-be vacancy atop the energy hierarchy left by fossil fuels. Many hurdles stand in the way of their ascendance however. The high expense when compared to other energy sources, the need for time to warm-up and pressure for efficient operation, the lifetime of the cell as a whole, and the potential for the poisoning of the sensitive catalysts are all issues standing in the way of integration of fuel cell technology into the energy systems of the nation.
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