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Unit-I: Direct conversion methods renewable energy sources, solar, wind, tidal, geothermal, bio-thermal, 

biogas and hybrid energy systems, fuel cells, thermoelectric modules, MHD-Converter. 

 

1.1 Methods of conversion from various sources to electricity  

1.1.1 Solar to Electricity Conversion through PV Cells  

The Sun is by far the most abundant form of renewable energy available on our planet. The amount of energy 

that Earth receives from the Sun is immense, in fact, it has been calculated that the amount of solar energy 

that Earth receives in one minute from the Sun would be enough to satisfy the energy needs of entire human 

population for one year. The world, however, uses only a tiny fraction of totally available solar energy, 

primarily because solar power technologies need to improve their cost-effectiveness (solar panels cost a lot 

and they are not that efficient). 

When explaining the working principle of photovoltaic (solar) cells we first need to know that sunlight is 

made out of tiny energy pockets called photons and that each individual solar cell is designed with a positive 

and negative layer thus being able to create an electric field (similar to the one in batteries). As photons are 

absorbed in the cell their energy causes electrons to get free, and they move to the bottom of the cell, and 

exit through the connecting wire which creates electricity (flow of electrons). The bigger amount of the 

available sunlight the greater the flow of electrons and the more electricity gets produced in the process.  

Photovoltaic or solar panels are devices that are used to convert sunlight into electricity. Photovoltaic panels 

consist of numerous solar cells. By combining these individual solar cells into photovoltaic panels, we can 

produce enough energy to power our homes as well as for many other purposes (space satellites).  

 

 
Fig. Solar PV Cell 

Photovoltaic cells are usually made of expensive materials such as silicon, thus explaining the high costs of 

solar panels. However, solar panel prices have decreased by approximately 70% in the last three years, 

meaning that they are becoming more competitive with fossil fuels in terms of economics.  

 

Installing solar panels on the rooftops of your home is not that complicated, primarily because solar panels 

do not have moving parts. Once installed, they operate very silently, and with enough available sunlight will 

provide emission-free source of renewable energy. 
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The electricity generated by photovoltaic panels is direct current. This means that there is a need for 

installing inverter. With the installation of inverter this direct current can be converted into alternating 

current so it's in sync with mains electricity, and can be used normally. 

 

As already said above, the amount of sunlight at your location plays key role in determining the economics 

of your solar power installation. Some areas receive more sunlight than other, and in these areas installing 

solar panels is more economically viable. 

 

1.1.2 Solar to Wind Conversion 

Wind is a form of solar energy and is a result of the uneven heating of the atmosphere by the sun, the 

irregularities of the earth's surface, and the rotation of the earth. Wind flow patterns and speeds vary greatly 

across the United States and are modified by bodies of water, vegetation, and differences in terrain. Humans 

use this wind flow, or motion energy, for many purposes: sailing, flying a kite, and even generating electricity.  

The terms wind energy or wind power describes the process by which the wind is used to generate 

mechanical power or electricity. Wind turbines convert the kinetic energy in the wind into mechanical power. 

This mechanical power can be used for specific tasks (such as grinding grain or pumping water) or a generator 

can convert this mechanical power into electricity. 

TYPES OF WIND TURBINES 

 
Fig. Propeller type WT & Darrius WT 

Modern wind turbines fall into two basic groups: the horizontal-axis variety, as shown in the photo to the 

far right, and the vertical-axis design, like the eggbeater-style Darrius model pictured to the immediate right, 

named after its French inventor. Horizontal-axis wind turbines typically either have two or three blades. 

These three-bladed wind turbines are operated "upwind," with the blades facing into the wind. Wind 

turbines can be built on land or offshore in large bodies of water like oceans and lakes. Though the United 

States does not currently have any offshore wind turbines, the Department of Energy is funding efforts that 

will make this technology available in U.S. waters. 

SIZES OF WIND TURBINES 

 
Fig. Std Setup & Home Installation 

Utility-scale turbines range in size from 100 kilowatts to as large as several megawatts. Larger wind turbines 

are more cost effective and are grouped together into wind farms, which provide bulk power to the electrical 
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grid. In recent years, there has been an increase in large offshore wind installations in order to harness the 

huge potential that wind energy offers off the coasts of the U.S.  

Single small turbines, below 100 kilowatts, are used for homes, telecommunications dishes, or water 

pumping. Small turbines are sometimes used about diesel generators, batteries, and photovoltaic systems. 

These systems are called hybrid wind systems and are typically used in remote, off-grid locations, where a 

connection to the utility grid is not available. 

1.1.3 Solar to Tidal Conversion 

With tidal energy, large bodies of water such as oceans and seas are acted upon by the gravitational forces 

of the sun and moon, which in combination with the rotation of the earth on its axis, cause movements of 

the oceans and seas, known as tides. The motion of the moon and sun relative to the earth causes a periodic 

variation in the forces that generate the tides. Vertical movement (range) can be seen in the difference in 

water level at high and low tide, and horizontal motion of water is known as a tidal current.  

The tidal energy sector is reaching a significant milestone in the development of the industry; tidal 

technologies are taking a step towards commercial viability, with the more advanced device developers now 

progressing beyond single unit demonstration devices and proceeding to array development and multi-

megawatt projects. The backing of major OEMs will enhance the ability of technology developers to continue 

to optimize the development process, potentially unlocking further investment from utilities as array scale 

projects enter the planning phase. 

The operating principle behind tidal energy converters is that the energy contained within the moving 

current is harnessed by a device that extracts kinetic energy from the flow and imparts this into a mechanical 

motion of a rotor or foil. The device then converts the mechanical motion of the structure into electrical 

energy by means of a power take-off system. Before connection to the electricity grid, the electrical power 

output from the device will need to be conditioned to make it compliant with grid code regulations. Tidal 

device operation is synonymous to that of a wind turbine, albeit operating within a different fluid medium.  

 

Fig. Setup of Tidal Energy Conversion 

1.1.4 Solar to Geo-Thermal Conversion 

Geothermal energy is energy that is gained thanks to an intensive heat that continuously flows outward from 

deep ithi  the Earth. Word geother al  has its roots i  t o Greek ords, gheo  hi h ea s Earth a d 
ther al  hi h ea s heat. This e erg  is ai l  ge erated from Earth's core since temperature of Earth's 
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center is reaching temperatures above 6000 degrees Celsius which is even hot enough to melt a rock. Lesser 

part of this energy is gained from the crust, the planet's outer layer by decay of radioactive el ements which 

are present in all the rocks. In nature this energy is usually shown in the form of the volcanoes, hot water 

spri gs a d ge sers, hi h are all areas o  hi h heat is o e trated, ear the earth’s surfa e.  

 

Geothermal energy was for centuries used in some countries in the form of hot springs that provided 

recreational and medical bathing, not to mention that positive therapeutic effects of hot springs were known 

in ancient times by many nations like ancient Romans. However, progress in science didn't stop only in 

exploring healing effects of geothermal energy and has pushed use of geothermal energy in many different 

ways of which two take special place, namely its use in generating the electricity and its use in heating of 

households and industrial facilities. Uses of geothermal energy for central heating of the buildings and for 

generating electricity are the main ways of its exploration, but not the only ones. 

 

Fig: Geothermal Setup 

First step needed is to extract the geothermal energy from steam, hot water and hot rocks from Earth's crust. 

The success of this process depends on how hot the water gets, and water temperature depends on how 

hot rocks were to start with, and how much water is pumped down to these rocks. The water is pumped 

do  through a  i je tio  ell , it passes through the cracks in these rocks and then comes back up again 

through a re o er  ell  to ards the surfa e, a d e ause of the great pressure ater is tra sformed into 

a steam when getting to the surface. This created steam then needs to be separated from brine what is 

usually done in central separation chamber. After this process of separation is over, complete steam is 

transferred to heat exchangers which are located inside the power plant. After steam is transferred to heat 

e ha gers it’s possi le to tra sfer it e e  further to the stea  tur i es here it a  e ge erated i to 
electricity, and in the same time through the exhaust pipes unused energy is being released. 

 

In heat exchangers steam is being cooled under the pressure in condensate and after that heat is transferred 

into cold water in condensate heat exchangers. This cold water that is gained on this way gets pumped from 

wells to storage tanks from which is transferred to heat exchangers where water's temperature gets 

increased and then passes through de-aerators where it boils and where released oxygen and other gases 

that could cause corrosion (when being heated) are removed by final water cooling. 

 

Speaking in simple term it's all in the process of water heating and its transfer to steam which can be then 
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used to drive a turbo-generator that generates electricity or this steam passes through heat exchangers and 

heats water creating necessary heat for central heating of households and industrial facilities. 

1.1.5 Solar to Bio-thermal Energy Conversion 

The production of energy, its storage, and its use are as central to the economy of the cell as they are to the 

a age e t of the orld’s resour es. Cells require energy to do all their work, including the synthesis of 

sugars from carbon dioxide and water in photosynthesis, the contraction of muscles, and the replication 

of DNA. Energy may be defined as the ability to do work, a concept that is easy to grasp when it is applied to 

automobile engines and electric power plants. When we consider the energy associated with chemical bonds 

and chemical reactions within cells, however, the concept of work becomes less intuitive.  

Kinetic Energy 

Heat, or thermal energy, is a form of kinetic energy — the energy of the motion of molecules. For heat to do 

work, it must flow from a region of higher temperature — where the average speed of molecular motion is 

greater — to one of lower temperature. Differences in temperature often exist between the internal and 

external environments of cells; however, cells generally cannot harness these heat differentials to do work. 

Even in warm-blooded animals that have evolved a mechanism for thermoregulation, the kinetic energy of 

molecules is used chiefly to maintain constant organismic temperatures. 

Radiant energy is the kinetic energy of photons, or waves of light, and is critical to biology. Radiant energy 

can be converted to thermal energy, for instance when light is absorbed by molecules and the energy is 

converted to molecular motion. In the process of photosynthesis, light energy is absorbed by chlorophyll and 

is ultimately converted into other types of energy, such as that stored in covalent chemical bonds.  

One of the major forms of electric energy is also kinetic — the energy of moving electrons or other charged 

particles. 

Potential Energy 

Several forms of potential energy are biologically significant. Central to biology is the potential energy stored 

in the bonds connecting atoms in molecules. Indeed, most of the biochemical reactions described in this 

book involve the making or breaking of at least one covalent chemical bond. We recognize this energy when 

chemicals undergo energy-releasing reactions. The sugar glucose, for example, is high in potential energy. 

Cells degrade glucose continuously, and the energy released when glucose is metabolized is harnessed to do 

many kinds of work. 

A second biologically important form of potential energy, to which we shall refer often, is the energy in 

a concentration gradient. When the concentration of a substance on one side of a permeable barrier, such 

as a membrane, is different from that on the other side, the result is a concentration gradient. All cells form 

concentration gradients between their interior and the external fluids by selectively exchanging nutrients, 

waste products, and ions with their surroundings. Also, compartments within cells frequently contain 

different concentrations of ions and other molecules; the concentration of protons within a lysosome, as we 

saw in the last section, is about 500 times that of the cytosol. 

A third form of potential energy in cells is an electric potential — the energy of charge separation. For 

i sta e, there is a gradie t of ele tri  harge of ≈200,000 olts per  a ross the outer, or 
plas a,  membrane of virtually all cells. 
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Inter-convertibility of All Forms of Energy 

According to the first law of thermodynamics, energy is neither created nor destroyed, but can be converted 

from one form to another.* In photosynthesis, for example, as we have just seen, the radiant energy of light 

is transformed into the chemical potential energy of the covalent bonds between the atoms in a sucrose 

or starch molecule. In muscles and nerves, chemical potential energy stored in covalent bonds is 

transformed, respectively, into kinetic and electric energy. In all cells, chemical potential energy, released by 

breakage of certain chemical bonds, is used to generate potential energy in the form of concentration and 

electric potential gradients. Similarly, energy stored in chemical concentration gradients or electric potential 

gradie ts is used to s thesize he i al o ds, or to tra sport other ole ules uphill  agai st a 
concentration gradient. This latter process occurs during the transport of nutrients such as  glucose into 

certain cells and transport of many waste products out of cells. Because all forms of energy are inter -

convertible, they can be expressed in the same units of measurement, such as the calorie or kilocalorie.  

1.1.6 Solar to Biomass conversion 

Biogas can be used in similar ways to natural gas in gas stoves, lamps or as fuel for engines. It consists of 50-

75% methane, 25-45% carbon dioxide, 2-8% water vapor and traces of O2 N2, NH3 H2 H2S. Compare this 

with natural gas, which contains 80 to 90% methane. The energy content of the gas depends mainly on its 

methane content. High methane content is therefore desirable. A certain carbon dioxide and water vapor 

content is unavoidable, but Sulphur content must be minimized - particularly for use in engines. 

The average calorific value of biogas is about 21-23.5 MJ/m³, so that 1 m³ of biogas corresponds to 0.5-0.6 l 

diesel fuel or about 6 kWh (FNR, 2009). 

The biogas yield of a plant depends not only on the type of feedstock, but also on the plant design, 

fermentation temperature and retention time. Maize silage for example - a common feedstock in Germany 

- yields about 8 times more biogas per ton than cow manure. 

 

 

Fig: Biogas generation Unit 
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In most cases, biogas is used as fuel for combustion engines, which convert it to mechanical energy, powering 

an electric generator to produce electricity. Appropriate electric generators are available in virtually all 

countries and in all sizes. The technology is well known, and maintenance is simple. In most cases, even 

universally available 3-phase electric motors can be converted into generators. Technologically far more 

challenging is the first stage of the generator set: the combustion engine using the biogas as fuel. In theory, 

biogas can be used as fuel in nearly all types of combustion engines, such as gas engines (Otto motor), diesel 

engines, gas turbines and Stirling motors etc. Gas turbines are occasionally used as biogas engines, especially 

in the US. They are very small and can meet strict exhaust emissions requirements. Small biogas turbines 

with power outputs of 30-75 kW are available on the market, but are rarely used for small-scale applications 

in developing countries as they are expensive. Furthermore, due to their spinning at very high speeds and 

the high operating temperatures, the design and manufacturing of gas turbines is challenging, and 

maintenance requires specific skills. External combustion engines such as Stirling motors have the advantage 

of being tolerant of fuel composition and quality. They are, however, relatively expensive and characterized 

by low efficiency. Their use is therefore limited to several very specific applications. In most commercially 

run biogas power plants today, internal combustion motors have become the standard technology either as 

gas or diesel motors. 

1.1.7 Fuel Cells 

 

A fuel cell combines hydrogen and oxygen to produce electricity. The basic principle of the fuel cell is 

illustrated in the figure below. The core of each fuel cell consists of an electrolyte and two electrodes. At the 

negative anode, a fuel such as hydrogen is being oxidized, while at the positive cathode, oxygen is reduced. 

Ions are transported through the electrolyte from one side to the other. The type of electrolyte determines 

the temperature window of operation. This window of operation in its turn determines the catalysts that 

can be used, and the purity of the fuel to be used. The theoretical open circuit voltage of a hydrogen-oxygen 

fuel cell is 1.23 V at 298 K, in practice it is around 1 V at open circuit. Under load conditions, the cell voltage 

is between 0.5 and 0.8 V. 

1.1.8 Thermoelectric Modules 

The TEM operating principle is based on the Peltier effect. The Peltier effect is a temperature difference 

created by applying a voltage between two electrodes connected to a sample of semiconductor material. 

One of the TEM sides is cooling and the other side is heating. When a thermoelectric module is used, you 

must support heat rejection from its hot side. If the temperature on the hot side is like the ambient 

temperature, then we can get the temperature on the cold side that is lower (tens of Kelvin degrees). The 

degree of the cooling is depended from the current value that is leaking through a thermoelectric module. 
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1.1.9 MHD-Converters 

A magnetohydrodynamic generator (MHD generator) is a magnetohydrodynamic device that transforms 

thermal energy and kinetic energy into electricity. MHD generators are different from traditional electric 

generators in that they operate at high temperatures without moving parts. MHD was developed because 

the hot exhaust gas of an MHD generator can heat the boilers of a steam power plant, increasing overall 

efficiency. MHD was developed as a topping cycle to increase the efficiency of electric generation, especially 

when burning coal or natural gas. MHD dynamos are the complement of MHD propulsions, which have been 

applied to pump liquid metals and in several experimental ship engines.  

An MHD generator, like a conventional generator, relies on moving a conductor through a magnetic field to 

generate electric current. The MHD generator uses hot conductive plasma as the moving conductor. The 

mechanical dynamo, in contrast, uses the motion of mechanical devices to accomplish this. MHD generators 

are technically practical for fossil fuels, but have been overtaken by other, less expensive technologies, such 

as combined cycles in which a gas turbine's or molten carbonate fuel cell's exhaust heats steam to power 

a steam turbine. Natural MHD dynamos are an active area of research in plasma physics and are of great 

interest to the geophysics and astrophysics communities, since the magnetic fields of the earth and sun are 

produced by these natural dynamos. 

 

Fig: MHD Generator 
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