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Unit - 5 

Hydrogen Power 

HYDROGEN ENERGY 

Introduction 

Hydrogen is the simplest element and most plentiful gas in the universe. Today, most 

hydrogen is produced from fossil fuels, but to most effectively impact the emissions and energy 

import balances associated with transportation fuels, hydrogen must be produced from domestically 

available renewable resources such as wind, solar, and biomass.  

There are many options for producing hydrogen from renewable resources. This study 

considers hydrogen production using wind and solar electrolysis as well as gasification and steam 

methane reforming methods for converting biomass to hydrogen.  

The electrolysis process involves the use of wind- or solar-generated electricity. In this study, 

a wind turbine is assumed to be used to produce electricity from the wind, and photovoltaic (solar 

electric) systems are assumed to be used to produce electricity from solar resources. This renewably 

produced electricity is then used in an electrolyzer, a device that uses electricity to split water into 

hydrogen and oxygen.  

Biomass gasification is the conversion, by partial oxidation at high temperature, of a 

carbonaceous feedstock (agricultural and woody residues) into a gaseous fuel which is then 

reformed to produce hydrogen. In the steam methane reforming process, high-temperature steam 

and a nickel catalyst are used to produce hydrogen from a methane source (such as landfill gas, 

animal manure, and wastewater sludge).  

 

Hydrogen as a source of energy 

The objective of this study was to estimate the potential for producing hydrogen from key 

renewable resources (onshore wind, solar photovoltaic, and biomass) by county for the United 

States, and to create maps for easy visualization of the results. To accomplish this objective, 

renewable resource data are analyzed both statistically and graphically utilizing a state-of-the-art 

Geographic Information System (GIS), a computer-based information system used to create, 

manipulate, analyze, and visualize geographic information. Land-use and environmental exclusions 

were applied to this study to represent the most viable resources across the country. While wind, 

solar, and biomass are considered major renewable resources, other renewable energy resources 

could also be used for hydrogen production, thus contributing to hydrogen development locally and 

regionally. Future analyses could include studying the use of offshore wind, concentrating solar 

power, geothermal, hydropower, photo electrochemical, and photobiological resources for 

hydrogen production. 

 

Distributed Hydrogen Production via Steam Methane Reforming 
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Distributed production of hydrogen from natural gas utilizes small scale steam methane 

reforming technology.  The advantages of distributed hydrogen production are the production unit 

can be lo ated at the o su er refueli g site, the u it apa it  a  e tailored to the site’s fueli g 
requirements, and this approach eliminates the need for an extensive hydrogen delivery 

infrastructure. This process may  be the most viable for introducing hydrogen as an energy carrier 

since it requires less capital investment for the smaller hydrogen volumes needed initially in the 

transition phase of the hydrogen economy. 

 

 

Introduction to Fuel Cells  

You’ e pro a l  heard a out fuel ells. I  00 , Preside t Bush announced a program called 

the Hydrogen Fuel Initiative (HFI) during his State of the Union Address. This initiative, supported by 

legislation in the Energy Policy Act of 2005 (EPACT 2005) and the Advanced Energy Initiative of 2006, 

aims to develop hydrogen, fuel cell and infrastructure technologies to make fuel-cell vehicles 

practical and cost-effective by 2020. The United States has dedicated more than one billion dollars 

to fuel cell research and development so far.  

So, what exactly is a fuel cell, anyway? Why are governments, private businesses and 

academic institutions collaborating to develop and produce them? Fuel cells generate electrical 

power quietly and efficiently, without pollution. Unlike power sources that use fossil fuels, the by-

products from an operating fuel cell are heat and water. But how does it do this?  

In this section, we'll take a quick look at each of the existing or emerging fuel-cell 

te h ologies. We’ll detail ho  pol er ele trol te e ra e fuel ells PEMFC  ork a d e a ine 

ho  fuel ells o pare agai st other for s of po er ge eratio . We’ll also e plore so e of the 
obstacles researchers face to make fuel cells practical and affordable for our use, and we'll discuss 

the potential applications of fuel cells.  
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If you want to be technical about it, 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 that we are all familiar with is the battery. A battery has all of its 

chemicals stored inside, and it converts those chemicals into electricity too. This means that a 

battery eventually "goes dead" and you either throw it away or 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.  

 

The Invention of the Fuel Cell 

Sir William Grove invented the first fuel cell in 1839. Grove knew that water could be split 

into hydrogen and oxygen by sending an electric current through it (a process called electrolysis). He 

hypothesized that by reversing the procedure you could produce electricity and water. He created a 

primitive fuel cell and called it a gas voltaic battery. After experimenting with his new invention, 

Grove proved his hypothesis. Fifty years later, scientists Ludwig Mond and Charles Langer coined the 

term fuel cell while attempting to build a practical model to produce electricity.  

This reaction in a single fuel cell produces only about 0.7 volts. To get this voltage up to a 

reasonable level, many separate fuel cells must be combined to form a fuel-cell stack. Bipolar plates 

are used to connect one fuel cell to another and are subjected to both oxidizing and reducing 

conditions and potentials. A big issue with bipolar plates is stability. Metallic bipolar plates can 

corrode, and the byproducts of corrosion (iron and chromium ions) can decrease the effectiveness of 

fuel cell membranes and electrodes. Low-temperature fuel cells use lightweight metals, graphite and 

carbon/thermoset composites (thermoset is a kind of plastic that remains rigid even when subjected 

to high temperatures) as bipolar plate material.  

 

Types of Fuel Cells 

The fuel cell will compete with many other energy conversion devices, including the gas 

turbine in your city's power plant, the gasoline engine in your car and the battery in your laptop. 

Combustion engines like the turbine and the gasoline engine burn fuels and use the pressure created 

by the expansion of the gases to do mechanical work. Batteries convert chemical energy back into 

electrical energy when needed. Fuel cells should do both tasks more efficiently.  

A fuel cell provides a DC (direct current) voltage that can be used to power motors, lights or 

any number of electrical appliances.  

There are several different types of fuel cells, each using a different chemistry. Fuel cells are 

usually classified by their operating temperature and the type of electrolyte they use. Some types 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 main types of fuel cells include:  
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Polymer exchange membrane fuel cell (PEMFC) 

The Department of Energy (DOE) is focusing on the PEMFC as the most likely candidate for 

transportation applications. The PEMFC has a high-power density and a relatively low operating 

temperature (ranging from 60 to 80 degrees Celsius, or 140 to 176 degrees Fahrenheit). The low 

operating temperature means that it doesn't take very long for the fuel cell to warm up and begin 

generating electricity.  

 

Solid oxide fuel cell (SOFC) 

These fuel cells are best suited for large-scale stationary power generators that could 

provide electricity for factories or towns. This type of fuel cell operates at very high temperatures 

(between 700 and 1,000 degrees Celsius). This high temperature makes reliability a problem, 

because parts of the fuel cell can break down after cycling on and off repeatedly. However, solid 

oxide fuel cells are very stable when in continuous use. In fact, the SOFC has demonstrated the 

longest operating life of any fuel cell under certain operating conditions. The high temperature also 

has an advantage: the steam produced by the fuel cell can be channeled into turbines to generate 

more electricity. This process is called co-generation of heat and power (CHP) and it improves the 

overall efficiency of the system.  

 

Alkaline fuel cell (AFC) 

This is one of the oldest designs for fuel cells; the United States space program has used 

them since the 1960s. The AFC is very susceptible to contamination, so it requires pure hydrogen 

and oxygen. It is also very expensive, so this type of fuel cell is unlikely to be commercialized.  

 

Molten-carbonate fuel cell (MCFC) 

Like the SOFC, these fuel cells are also best suited for large stationary power generators. 

They operate at 600 degrees Celsius, so they can generate steam that can be used to generate more 

power. They have a lower operating temperature than solid oxide fuel cells, which means they don't 

need such exotic materials. This makes the design a little less expensive.  

 

Phosphoric-acid fuel cell (PAFC) 

The phosphoric-acid fuel cell has potential for use in small stationary power-generation 

systems. It operates at a higher temperature than polymer exchange membrane fuel cells, so it has a 

longer warm-up time. This makes it unsuitable for use in cars.  

 

Direct-methanol fuel cell (DMFC) 
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Methanol fuel cells are comparable to a PEMFC in regards to operating temperature, but are 

not as efficient. Also, the DMFC requires a relatively large amount of platinum to act as a catalyst, 

which makes these fuel cells expensive.  In the following section, we will take a closer look at the 

kind of fuel cell the DOE plans to use to power future vehicles -- the PEMFC.  

 

Polymer Exchange Membrane Fuel Cells 

The polymer exchange membrane fuel cell (PEMFC) is one of the most promising fuel cell 

technologies. This type of fuel cell will probably end up powering cars, buses and maybe even your 

house. The PEMFC uses one of the simplest reactions of any fuel cell. First, let's take a look at what's 

in a PEM fuel cell:  

 

 
 

 

you can see there are three basic elements of a PEMFC:  

1. The anode, the negative post of the fuel cell, has several jobs. It conducts the electrons that 

are freed from the hydrogen molecules so that they can be used in an external circuit. It has 

channels etched into it that disperse the hydrogen gas equally over the surface of the catalyst.  

2. The cathode, the positive post of the fuel cell, has channels etched into it that distribute the 

oxygen to the surface of the catalyst. It also conducts the electrons back from the external circuit 

to the catalyst, where they can recombine with the hydrogen ions and oxygen to form water.  

3. Electrolyte is the proton exchange membrane. This specially treated material, which looks 

something like ordinary kitchen plastic wrap, only conducts positively charged ions. The 

membrane blocks electrons. For a PEMFC, the membrane must be hydrated in order to function 

and remain stable.  

***** 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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