
CHAPTER – 2 

 
New Energy Sources 
 

 

Non-conventional methods of power generation: 

 Fuel Cells: 

A fuel cell is a device that converts the chemical energy from a fuel into 

electricity through a chemical reaction with oxygen or another oxidizing agent 

Hydrogen produced from the steam methane reforming of natural gas is the most 

common fuel, but for greater efficiency hydrocarbons can be used directly such as 

natural gas and alcohols like methanol. Fuel cells are different from batteries in that 

they require a continuous source of fuel and oxygen/air to sustain the chemical reaction 

whereas in a battery the chemicals present in the battery react with each other to 

generate an electromotive (emf). Fuel cells can produce electricity continuously for as 

long as these inputs are supplied. 

The first fuel cells were invented in 1838. The first commercial use of fuel cells 

came more than a century later in NASA space programs to generate power for probes, 

satellites and space capsules. Since then, fuel cells have been used in many other 

applications. Fuel cells are used for primary and backup power for commercial, 

industrial and residential buildings and in remote or inaccessible areas. They are also 

used to power fuel-cell vehicles, including forklifts, automobiles, buses, boats, 

motorcycles and submarines. 

There are many types of fuel cells, but they all consist of an anode, a cathode and 

an electrolyte that allows charges to move between the two sides of the fuel cell. 

Electrons are drawn from the anode to the cathode through an external circuit, 

producing direct current electricity. As the main difference among fuel cell types is 

the electrolyte, fuel cells are classified by the type of electrolyte they use followed by 

the difference in startup time ranging from 1 sec for PEMFC to 10 min for SOFC. Fuel 

cells come in a variety of sizes. Individual fuel cells produce relatively small electrical 

potentials, about 0.7 volts, so cells are "stacked", or placed in series, to increase the 

voltage and meet an application's requirements.[2]In addition to electricity, fuel cells 

produce water, heat and, depending on the fuel source, very small amounts of nitrogen 

dioxide and other emissions. The energy efficiency of a fuel cell is generally between 

40–60%, or up to 85% efficient in cogeneration if waste heat is captured for use. 

Types: 

Fuel cells come in many varieties; however, they all work in the same general 

manner. They are made up of three adjacent segments: the anode, the electrolyte, and 

the cathode. Two chemical reactions occur at the interfaces of the three different 

segments. The net result of the two reactions is that fuel is consumed, water or carbon 

dioxide is created, and an electric current is created, which can be used to power 

electrical devices, normally referred to as the load. 
At the anode a catalyst oxidizes the fuel, usually hydrogen, turning the fuel into a positively charged ion 

and a negatively charged electron. The electrolyte is a substance specifically designed so ions can pass 
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through it, but the electrons cannot. The freed electrons travel through a wire creating the electric current. 

The ions travel through the electrolyte to the cathode. Once reaching the cathode, the ions are reunited with 

the electrons and the two react with a third chemical, usually oxygen, to create water or carbon dioxide. 

 
 

 

 

 

 

 
 

 
 The electrolyte substance usually defines the type of fuel cell. 

The fuel that is used. The most common fuel is hydrogen. 

The anode catalyst breaks down the fuel into electrons and ions. The anode catalyst 

is usually made up of very fine platinum powder. 

  The cathode catalyst turns the ions into the waste chemicals like water or carbon 

dioxide. The cathode catalyst is often made up of nickel but it can also be a 

nonmaterial-based catalyst. 

A typical fuel cell produces a voltage from 0.6 V to 0.7 V at full rated load. Voltage 

decreases as current increases, due to several factors: 

Activation loss 

Ohmic loss (voltage drop due to resistance of the cell components and 

interconnections) 

Mass transport loss (depletion of reactants at catalyst sites under high loads, causing 

rapid loss of voltage) 

To deliver the desired amount  of  energy,  the  fuel  cells  can  be  combined  in 

series to  yield  higher voltage, and in parallel to allow a higher current to be supplied. 

Such a design is called a fuel cell stack. The cell surface area can also be increased, to 

allow higher current from each cell. Within the stack, reactant gases must be 

distributed uniformly over each of the cells to maximize the power output. 

i) Proton exchange membrane fuel cells (PEMFCs): 

 

In the archetypical hydrogen–oxide proton exchange membrane fuel cell design, 
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a proton-conducting polymer membrane (the electrolyte) separates the anode and 

cathode sides. This was called a "solid polymer electrolyte fuel cell" (SPEFC) in the 

early 1970s, before the proton exchange mechanism was well- understood. 

On the anode side, hydrogen diffuses to the anode catalyst where it later 

dissociates into protons and electrons. These protons often react with oxidants causing 

them to become what are commonly referred to as multi-facilitated proton membranes. 

The protons are conducted through the membrane to the cathode, but the electrons are 

forced to travel in an external circuit (supplying power) because the membrane is 

electrically insulating. On the cathode catalyst, oxygen molecules react with the 

electrons (which have traveled through the external circuit) and protons to form water. 

In  addition  to  this   pure   hydrogen   type,   there   are hydrocarbon fuels   for   

fuel   cells,  including diesel, methanol and chemical hydrides. The waste products 

with these types of fuel are carbon dioxide and water, when hydrogen is used the CO2 

is released when methane from natural gas is combined with steam in a process called 

steam methane reforming to produce the hydrogen, this can take place in a 

different location to the fuel cell potentially allowing the hydrogen fuel cell to be used 

indoors for example in forklifts. 
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Construction of a high-temperature PEMFC: Bipolar plate as electrode with in-

milled gas channel structure, fabricated from conductive composites (enhanced with 

graphite, carbon black, carbon fiber, and/or carbon  annotates for  more  conductivity)  

Porous carbon   papers;   reactive   layer,   usually   on  the polymer membrane applied; 

polymer membrane. 

Condensation of water produced by a PEMFC on the air channel wall. The gold 

wire around the cell ensures the collection of electric current. 

The different components of a PEMFC are; 

1. Bipolar plates, 

2. Electrodes, 

3. Catalyst, 

4. Membrane, and 

5. The necessary hardware. 

The materials used for different parts of the fuel cells differ by type. The bipolar 

plates may be made of   different   types   of   materials,   such   as,   metal,   coated   

metal, graphite,   flexible   graphite,   C–   C composite, carbon–polymer composites 

etc. The membrane electrode assembly (MEA) is referred as the heart  of  the  PEMFC  

and  is  usually  made  of  a  proton  exchange  membrane  sandwiched  between  two 

catalyst-coated carbon papers. Platinum and/or similar type of noble metals are usually 

used as the catalyst for PEMFC. The electrolyte could be a polymer membrane. 

ii) Phosphoric acid fuel cell (PAFC): 

Phosphoric acid fuel cells (PAFC) were first designed and introduced in 1961 by G. 

V. Elmore and H. A. Tanner. In these cells phosphoric acid is used as a non-

conductive electrolyte to pass positive hydrogen ions from the anode to the cathode. 

These cells commonly work in temperatures of 150 to 200 degrees Celsius. This high 

temperature will cause heat and energy loss if the heat is not removed and used 

properly. This heat can be used to produce steam for air conditioning systems or any 

other thermal energy consuming system.[31] Using this heat incogeneration can 

enhance the efficiency of phosphoric acid fuel cells from 40– 50% to about 

80%.Phosphoric acid, the electrolyte used in PAFCs, is a non-conductive liquid acid 

which forces electrons to travel from anode to cathode through an external electrical 

circuit. Since the hydrogen ion production rate on the anode is small, platinum is used 

as catalyst to increase this ionization rate. A key disadvantage of these cells is the use 

of an acidic electrolyte. This increases the corrosion or oxidation of components 

exposed to phosphoric acid. 

iii) High-temperature fuel cells: 

1) Solid oxide fuel cells (SOFCs): 

Solid oxide fuel cells (SOFCs) use a solid material, most commonly a ceramic 

material called yttria- stabilized zirconia (YSZ), as the electrolyte. Because SOFCs are 

made entirely of solid materials, they are not limited to the flat plane configuration of 

other types of fuel cells and are often designed as rolled tubes. They require high 
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operating temperatures (800–1000 °C) and can be run on a variety of fuels including 

natural gas. 

SOFCs are unique since in those, negatively charged oxygen ions travel from 

the cathode (positive side of the fuel cell) to the anode (negative side of the fuel cell) 

instead of positively charged hydrogen ions travelling from the anode to the cathode, 

as is the case in all other types of fuel cells. Oxygen gas is fed through the cathode, 

where it absorbs electrons to create oxygen ions. The oxygen ions then travel through 

the electrolyte to react with hydrogen gas at the anode. The reaction at the anode 

produces electricity and water as by-products. Carbon dioxide may also be a by-

product depending on the fuel, but the carbon emissions from an SOFC system are less 

than those from a fossil fuel combustion plant. The chemical reactions for the SOFC 

system can be expressed as follows. 

2H2 

+ 

2O2

− → 

2H2

O + 

4e− 

O2 

+ 

4e– 

→ 

2O2

− 

2H2 + O2 → 2H2O 

SOFC systems can run on fuels other than pure hydrogen gas. However, since 

hydrogen is necessary for the reactions listed above, the fuel selected must contain 

hydrogen atoms. For the fuel cell to operate, the fuel must be converted into pure 

hydrogen gas. SOFCs are capable of internally reforming light hydrocarbons such as 

methane (natural gas), propane and butane. These fuel cells are at an early stage of 

development. 

Challenges exist in SOFC systems due to their high operating temperatures. One 

such challenge is the potential for carbon dust to build up on the anode, which slows 

down the internal reforming process. Research to address this "carbon coking" issue 

at the University of Pennsylvania has shown that the use of copper-based cermet (heat-

resistant materials made of ceramic and metal) can reduce coking and the loss of 

performance. Another disadvantage of SOFC systems is slow start-up time, making 

SOFCs less useful for mobile applications. Despite these disadvantages, a high 

operating temperature provides an advantage by removing the need for a precious 

metal catalyst like platinum, thereby reducing cost. Additionally, waste heat from 

SOFC systems may be captured and reused, increasing the theoretical overall 

efficiency to as high as 80%–85%. 

The high operating temperature is largely due to the physical properties of the 

YSZ electrolyte. As temperature decreases, so does the ionic conductivity of YSZ. 

Therefore, to obtain optimum performance of the fuel cell, a high operating 
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temperature is required. According to their website, Ceres Power, a UK SOFC fuel 

cell manufacturer, has developed a method of reducing the operating temperature of 

their SOFC system to 500–600 degrees Celsius. They replaced the commonly used 

YSZ electrolyte with a CGO (cerium gadolinium oxide) electrolyte. The lower 

operating temperature allows them to use stainless steel instead of ceramic as the cell 

substrate, which reduces cost and start-up time of the system. 

2) Hydrogen-Oxygen Fuel Cell: 

The Hydrogen-Oxygen Fuel Cell was designed by Bacon in the year 1959. It 

was used as a primary source of electrical energy in the Apollo space program. The 

cell consists of two porous carbon electrodes impregnated with a suitable catalyst such 

as Pt, Ag, CoO, etc. The space between the two electrodes is filled with a concentrated 

solution of KOH or NaOH which serves as an electrolyte. 2H2 gas and O2 gas are 

bubbled into the electrolyte through the porous carbon electrodes. Thus the overall 

reaction involves the combination of hydrogen gas and oxygen gas to form water. The 

cell runs continuously until the reactant's supply is exhausted. This type of cell 

operates efficiently in the temperature range 343 K to 413 K and provides a potential 

of about 0.9 V. 
3) Molten carbonate fuel cells: 

Molten carbonate fuel cells (MCFCs) require a high operating temperature, 650 

°C (1,200 °F), similar to SOFCs. MCFCs use lithium potassium carbonate salt as an 

electrolyte, and this salt liquefies at high temperatures, allowing for the movement of 

charge within the cell – in this case, negative carbonate ions. 

Like SOFCs, MCFCs are capable of converting fossil fuel to a hydrogen-rich gas in 

the anode, eliminating the    need    to    produce    hydrogen    externally.    The    

reforming     process     creates CO     2emissions. MCFC-compatible fuels include 

natural gas, biogas and gas produced from coal. The hydrogen in the gas reacts with 

carbonate ions from the electrolyte to produce water, carbon dioxide, electrons and 

small amounts of other chemicals. The electrons travel through an external circuit 

creating electricity and return to the cathode. There, oxygen from the air and carbon 

dioxide recycled from the anode react with the electrons to form carbonate ions that 

replenish the electrolyte, completing the circuit.[43] The chemical reactions for an 

MCFC system can be expressed as follows: 

CO3
2− + H2 

→ H2O + 

CO2 + 2e− 

CO2 + ½O2 

+ 2e− → 

CO 2− 
H2 + ½O2 → H2O 

As with SOFCs, MCFC disadvantages include slow start-up times because of 

their high operating temperature. This makes MCFC systems not suitable for mobile 

applications, and this technology will most likely be used for stationary fuel cell 

purposes. The main challenge of MCFC technology is the cells' short life span. The 

high-temperature and carbonate electrolyte lead to corrosion of the anode and cathode. 

These factors accelerate the degradation of MCFC components, decreasing the 

durability and cell life. Researchers are addressing this problem by exploring 
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corrosion-resistant materials for components as well as fuel cell designs that may 

increase cell life without decreasing performance. 

MCFCs hold several advantages over other fuel cell technologies, including their 

resistance to impurities. They are not prone to "carbon coking", which refers to carbon 

build-up on the anode those results in reduced performance by slowing down the 

internal fuel reforming process. Therefore, carbon-rich fuels like gases made from coal 

are compatible with the system. The Department of Energy claims that coal, itself, 

might even be a fuel option in the future, assuming the system can be made resistant 

to impurities such as sulfur and particulates that result from converting coal into 

hydrogen.[34] MCFCs also have relatively high efficiencies. They can reach a fuel-to-

electricity efficiency of 50%, considerably higher than the 37–42% efficiency of a 

phosphoric acid fuel cell plant. Efficiencies can be as high as 65% when the fuel cell 

is paired with a turbine and 85% if heat  is  captured and  used in  a Combined Heat  

and  Power (CHP) system. 

Fuel Cell Energy, a Connecticut-based fuel cell manufacturer, develops and sells 

MCFC fuel cells. The company says that their MCFC products range from 300 kW to 

2.8 MW systems that achieve 47% electrical efficiency and can utilize CHP 

technology to obtain higher overall efficiencies. One product, the DFC-ERG, is 

combined with a gas turbine and, according to the company, it achieves an electrical 

efficiency of 65%. 

Tidal Waves: 

 

Tidal power is taken from the Earth's oceanic tides; tidal forces are periodic 

variations in gravitational attraction exerted by celestial bodies. These forces create 

corresponding motions or currents in the world's oceans. Due to the strong attraction 

to the oceans, a bulge in the water level is created, causing a temporary increase in sea 

level. When the sea level is raised, water from the middle of the ocean is forced to 

move toward the shorelines, creating a tide. This occurrence takes place in an unfailing 

manner, due to the consistent pattern of the moon’s orbit around the earth.[5] The 

magnitude and character of this motion reflects the changing positions of the Moon 

and Sun relative to the Earth, the effects of Earth's rotation, and local geography of the 

sea floor and coastlines. 

Tidal power is the only technology that draws  on energy inherent in the orbital 

characteristics  of   the Earth–Moon system, and to a lesser extent in the Earth–Sun 

system. Other natural energies exploited by human   technology   originate   directly    

or    indirectly    with    the    Sun,    including fuel,   conventional, wind, biofuel, wave 

and solar energy. Nuclear energy makes use of Earth's mineral deposits of fissionable 

elements, while geothermal power taps the Earth's internal heat, which comes from a 

combination of residual heat from planetary accretion (about 20%) and heat produced 

through radioactive decay (80%). 

A tidal generator converts the energy of tidal flows into electricity. Greater tidal 

variation and higher tidal current velocities can dramatically increase the potential of 

a site for tidal electricity generation. 

Because the Earth's tides are ultimately due to gravitational interaction with the Moon 

and Sun and the Earth's rotation, tidal power is practically inexhaustible and classified 

as a renewable energy resource. Movement of tides causes a loss of mechanical energy 
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in the Earth–Moon system: this is a result of pumping of water through natural 

restrictions  around  coastlines  and  consequent viscous dissipation  at the seabed and 

inturbulence. This loss of energy has caused the rotation of the Earth to slow in the 

4.5 billion years since its formation. 
 

 
 

 

 

 

Tidal stream generator: 
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Tidal stream generators (or TSGs) make use of the kinetic energy of moving 

water to power turbines, in a similar way to wind turbines that use wind to power 

turbines. Some tidal generators can be built into the structures of existing bridges, 

involving virtually no aesthetic problems. Land constrictions such as straits or inlets 

can create high velocities at specific sites, which can be captured with the use of 

turbines. These turbines can be horizontal, vertical, open, or ducted and are typically 

placed near the bottom of the water column. 
 

 
 

 
 

Tidal barrage 

Tidal barrages make use of the potential energy in the difference in height (or 

hydraulic head) between high and low tides. When using tidal barrages to generate 

power, the potential energy from a tide is seized through strategic placement of 

specialized dams. When the sea level rises and the tide begins to come in, the 

temporary increase in tidal power is channeled into a large basin behind the dam, 

holding a large amount of potential energy. With the receding tide, this energy is then 

converted into mechanical energy as the water is released through large turbines that 

create electrical power through the use of generators. Barrages are essentially dams 

across the full width of a tidal estuary. 
Dynamic tidal power 

Dynamic tidal power (or DTP) is an untried but promising technology that would 

exploit an interaction between potential and kinetic energies in tidal flows. It  proposes 

that very long dams (for example: 30–   50 km length) be built from coasts straight out 

into the sea or ocean, without enclosing an area. Tidal phase differences are introduced 

across the dam, leading to a significant water-level differential in shallow coastal seas 

– featuring strong coast-parallel oscillating tidal currents such as found in the UK, 

China, and Korea. 
Tidal lagoon 

A newer tidal energy design option is to construct circular retaining walls 
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embedded with turbines that can capture the potential energy of tides. The created 

reservoirs are similar to those of tidal barrages, except that the location is artificial and 

does not contain a preexisting ecosystem. 
 

Wind Power Generation: 

 

Horizontal axis: 

 

Horizontal-axis wind turbines (HAWT) have the main rotor shaft and electrical 

generator at the top of a tower, and must be pointed into the wind. Small turbines are 

pointed by a simple wind vane, while large turbines generally use a wind sensor 

coupled with a servo motor. Most have a gearbox, which turns the slow rotation of the 

blades into a quicker rotation that is more suitable to drive an electrical generator. 

Since a tower produces turbulence behind it, the turbine is usually positioned upwind 

of its supporting tower. Turbine blades are made stiff to prevent the blades from being 

pushed into the tower by high winds. Additionally, the blades are placed a considerable 

distance in front of the tower and are sometimes tilted forward into the wind a small 

amount. 

 
 

Downwind machines have been built, despite the problem of turbulence (mast 

wake), because they don't need an additional mechanism for keeping them in line with 

the wind, and because in high winds the blades can be allowed to bend which reduces 

their swept area and thus their wind resistance. Since cyclical (that is repetitive) 

turbulence may lead to fatigue failures, most HAWTs are of upwind design. 

Turbines used in wind farms for commercial production of electric power are 
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usually three-bladed and pointed into the wind by computer-controlled motors. These 

have high tip speeds of over 320 km/h (200 mph), high efficiency, and low torque 

ripple, which contribute to good reliability. The blades are usually colored white for 

daytime visibility by aircraft and range in length from 20 to  40 meters  (66 to  131 ft) 

or more. The tubular steel towers range from 60 to 90 meters (200 to 300 ft) tall. The 

blades rotate at 10 to 22 revolutions per minute. At 22 rotations per minute the tip 

speed exceeds 90 meters per second  (300 ft/s).A gear box is commonly used for 

stepping up the speed of the generator, although designs may also use direct drive of 

an annular generator. Some models operate at constant speed, but more energy can be 

collected by variable-speed turbines which use a solid-state power converter to 

interface to the 

transmission system. All turbines are equipped with protective features to avoid 

damage at high wind speeds, by feathering the blades into the wind which ceases 

their rotation, supplemented by brakes. 

 
 

Vertical axis: 

 
Vertical-axis wind turbines (or VAWTs) have the main rotor shaft arranged vertically. 
One advantage of 

this arrangement is that the turbine does not need to be pointed into the wind to be 

effective, which is an advantage on a site where the wind direction is highly variable. 

It is also an advantage when the turbine is integrated into a building because it is 

inherently less steerable. Also, the generator and gearbox can be placed near the 

ground, using a direct drive from the rotor assembly to the ground-based gearbox, 
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improving accessibility for maintenance. 

The  key  disadvantages  include  the  relatively  low  rotational  speed   with   the   

consequential   higher torque and hence higher cost of the drive train, the inherently 

lower power coefficient, the 360 degree rotation of the aerofoil within the wind flow 

during each cycle and hence the highly dynamic loading on the blade, the pulsating 

torque generated by some rotor designs on the drive train, and the difficulty of 

modeling the wind flow accurately and hence the challenges of analyzing and 

designing the rotor prior to fabricating a prototype. 

When a turbine is mounted on a rooftop the building generally redirects wind 

over the roof and this can double the wind speed at the turbine. If the height of a rooftop 

mounted turbine tower is approximately 50% of the building height it is near the 

optimum for maximum wind energy and minimum wind turbulence. Wind speeds 

within the built environment are generally much lower than at  exposed rural  sites, 

noise may be a concern and an existing structure may not adequately resist the 

additional stress. 
Solar Power Generation: 

Concentrating Solar Power (CSP) systems use lenses or mirrors and tracking 

systems to focus a large area of sunlight into a small beam. The concentrated heat is 

then used as a heat source for a conventional power plant. A wide range of 

concentrating technologies exists: the most developed are the parabolic trough the 

concentrating linear fresnel reflector, the Stirling dish and the solar power tower. 

Various techniques are used to track the sun and focus light. In all of these systems a 

working fluid is heated by the concentrated sunlight, and is then used for power 

generation or energy storage. Thermal storage efficiently allows up to 24 hour 

electricity generation. 

http://en.wikipedia.org/wiki/Torque
http://en.wikipedia.org/wiki/Wind_turbine_aerodynamics
http://en.wikipedia.org/wiki/Working_fluid


 
 

A parabolic trough consists of a linear parabolic reflector that concentrates 

light onto a receiver positioned along the reflector's focal line. The receiver is a tube 

positioned right above the middle of the parabolic mirror and is filled with a working 

fluid. The reflector is made to follow the sun during daylight hours by tracking along 

a single axis. Parabolic trough systems provide the best land-use factor of any solar 

technology. 
 

 

 

http://en.wikipedia.org/wiki/Parabolic_trough


 
 

Compact Linear Fresnel Reflectors are CSP-plants which use many thin 

mirror strips instead of parabolic mirrors to concentrate sunlight onto two tubes with 

working fluid. This has the advantage that flat mirrors can be used which are much 

cheaper than parabolic mirrors, and that more reflectors can be placed in the same 

amount of space, allowing more of the available sunlight to be used. Concentrating 

linear fresnel reflectors can be used in either large or more compact plants. 

The Stirling solar dish combines a parabolic concentrating dish with a 

Stirling engine which normally drives an electric generator. The advantages of Stirling 

solar over photovoltaic cells are higher efficiency of converting sunlight into 

electricity and longer lifetime. Parabolic dish systems give the highest efficiency 

among CSP technologies. The 50 kW Big Dish in Canberra, Australia is an example 

of this technology. 

A solar power tower uses an array of tracking reflectors (heliostats) to 

concentrate light on a central receiver atop a tower. Power towers are more cost 

effective, offer higher efficiency and better energy storage capability among CSP 

technologies. The PS10 Solar Power Plant and PS20 solar power plant are examples 

of this technology. 

 
 

 

  

http://en.wikipedia.org/wiki/Compact_Linear_Fresnel_Reflector
http://en.wikipedia.org/wiki/Stirling_engine
http://en.wikipedia.org/wiki/The_Big_Dish_(solar_thermal)
http://en.wikipedia.org/wiki/Canberra
http://en.wikipedia.org/wiki/Solar_power_tower
http://en.wikipedia.org/wiki/Heliostat
http://en.wikipedia.org/wiki/PS10_Solar_Power_Plant
http://en.wikipedia.org/wiki/PS20_solar_power_plant
http://en.wikipedia.org/wiki/PS20_solar_power_plant
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