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ENERGY PHYSICS 

Unit I 

Conventional Energy Sources 

World’s reserve of commercial energy sources and their availability-varies forms of energy –

renewable and conventional energy systems-comparison –coal, oil and natural gas-availability-

statistical details-applications-merits and demerits. 

Energy is one of the major parts of the economic infrastructure, being the basic input needed to 

sustain the economic growth. There exists a strong relationship between economic development 

and energy consumption. These sources  of energy are also known as Non-renewable energy 

sorces and are available in limited quantity apart from hydro-electric power. Further it can be 

classified under commercial and non-commercial energy. 

The more developed is a country, higher is the per capita of energy consumption and vice-versa. 

Human civilization relies on different sources of energy. 

The two major sources of energy can be classified under: 

Below you could see the difference between conventional and non-conventional sources of 

energy. 

 Renewable Energies 

 Non - Renewable Energies 
 

Renewable Energies (sources) are energies which can be renewed again and again for 

many eras. The source of energy is almost perennial. Reproduction cost and time is less 

when compared with non-renewable energies. In ancient days the domination of 

renewable energies were more. Infact there was no idea about non- renewable energies as 

well as. The pollution rate while using renewable energies is also very minimum. 

 

Non- renewable energies are energies which cannot be renewed again and again. It does 

not be reproduced easily once exhausted .The source of energy may easily dry while 

demand is more. Reproduction time may extended upto eras. Non- renewable energies 

after the development of science and technology. The rate of pollution produced by non -

renewable energies is more than renewable energy sources. 

 

In modern days ,non -renewable energies are slowly grown up as conventional energies. 

Some of the examples for renewable and non –renewable energies are, 

sunlight Biomass energy, windenergy, Geothermalenergy, Tidal energies etc are the 

renewable energies. 

Coal ,oil, Natural gases are the non –renewable energies. 

 

 

 

 

 



 

 

World Reserve of conventional energies and their Availabilities 
 

The major drawback of consuming the non- renewable energy sources is quick exhaustion due to 

over demand worldwide. The availability of conventional energies are not across the world but 

limited to certain areas/countries. So the reservation of energy sources for the future use is very 

much essential to non- renewable energy sources 

             Day by day the consumption of commercial and non-commercial energies like coal, oil, 

natural gases, hydro electric energy and nuclear power energies are increasing rapidly. Due to 

over consumption of energies it is expected that the demand for energies will continue to grow at 

high rates. 

Although the commercial energy made human life easier, it has certain consequences while 

consuming it more. Some of them are, 

1.It pollutes air while consuming fossilefules. 

2.It produces thermal pollution in lakes and rivers while disposing huge amount of waste heat 

from power plants. 

3. There is a long term problems and many diseases, genetic issues etc, are possible due to 

release of radioactive elements from nuclear plants. 

Commercial /conventional energies and their availabilities 

Three major commercial energies are, 

a). Coal 

b). oil 

c). Natural gases 

a) Coal 

Coal is the most important source of energy. Coal is the end product of a natural process of 

decomposition of bio wastes buried in swaps without oxygen for thousand years. From 1860, 

there was a steady increase of production of coal about 4.6% per year. The total resources of coal 

in the world are estimated to be 5x106mt.Coal is substantially more abundant than oil or gas 

world-wide. more than 95% of coal resources are found in northern hemisphere. About 90% of 

the total resources are found in USA, USSR and china. There are more than 148790 Coal 

deposits in India. In between 2005-2006, the annual production went up to 343 million tons. 

India is the fourth largest coal-producing country and the deposits are mostly found in Bihar, 

Orissa, Madhya Pradesh and Bengal. 

 

 



 

 

The order of coal formation is, 

Wood-Peat-Lignite-Bituminous Coal-Anthracite. 

Peat is largely used as domestic fuel in Europe. The lignite are used for domestic and industrial 

uses. 

The present world’s coal availability is 68047 million tones. But a survey said that 80% of 

reserves could be consumed by 2250. 

b) Oil : 

Today oil is considered to be the liquid gold and one of the crucial sources of energy in India and 

the world. Oil is mostly used in planes, automobiles, trains and ships. It is mainly found in 

Assam, Gujarat and Mumbai. The availability of petroleum governs the energy growth and status 

of a country. The industrial revolutions was initially filled by coal, but subsequently the 

emphasis was shifted to oil and gas which are very clean and transported easy. Petroleum 

accounts for 80% of the total energy consumption. 

Oil began to be used in significant quantities around 1900 and there was steady increase in its 

production during the world war. The total reserves of the oil in the world are estimated to be 

2000x106 barrels. 

The amount of oil produced and consumed is about 11% of the reserves. It has been estimated 

that over 80% of the reserves would be consumed by 2020. 

Liquid fuels include petroleum find extensive use in domestic and industrial fields.60% of the 

world reserves of oils are in the middle east and 15% are in the western hemisphere. The Indian 

resources of oil are estimated to be 1% of the word reserves. 

In India, only 1/3 of oil requirements is produced with in the country,2/3 of requirements are 

imported from Gulf countries. The present world availability of oil is 756 million tones. The total 

production of oil in India was 0.3 million tons in 1950-51, which increased up to 32.4 million 

tons in 2000-01. 

Natural Gases 

Natural gas is the primary fuel associated with crude petroleum and is produced in larger volume 

from oil wells. Natural gas is mainly composed of methanol and small quantities of ethane and 

other hydro carbons .The calorific value of natural gas varies from 8000-4000 kcal/m3. 

The production reserves of natural gas are not available in many countries. So it is difficult 

to  estimate the number of years for which the reserve will lost. Since the natural gases produced 

from crude oil, the estimation of reserve of natural gas may be based on crude oil.In this aspect 

approximately 170m3of gas may be obtained per barrel. Hence the estimated reserve of natural 

gas are about 340x1012m3. 

 



 

 

In general, the natural gas is classified into two categories. 

1.Associated gas, 

2.Non-associated gas Associated gas is natural gas originating from fields producing both liquids 

and gaseous hydrocarbons 

Non-associated gas is natural gas which is obtained from the space above an oil reservoir. 

USA, Canada, Western Europe and USSR are main sources of natural gas in world. 

Various forms of energy 

The energy sources are divided into two major types based on the availability and the rate 

reproduction, they are 

1.Non –Renewable energy sources (or) conventional energy sources 

2.Renewable energy sources 

Non –Renewable energy sources(or) conventional energy sources 

there are three types of conventional energies named as, 

1. Fossil fuels 

2. Water power 

3. Nuclear power 

Fossil fuels are further sub divided into three types and they are, Coal, Oil and natural gas Fossil 

fuels 

coal 

Coal is the end of the product of a natural process of decomposition of bio matters buried in 

swamps without the content of oxygen for 1000years .It is a solid form of fossil fuel and it is 

composed of Carbon ,Hydrogen, Oxygen, Nitrogen, Sulphur and ash. 

Usually coals are subdivided into four other types and they are, 

1. Peat 

2. Lignite 

3. Bituminous 

4. Anthracite coal 



Peat 

Peat is a soft, crumbly, dark brown substance that is formed from generations of dead and 

partially decaying organic matter. Peat is the first step in the formation of coal, and slowly 

becomes lignite after pressure and temperature increase as sediment is piled on top of the 

partially decaying organic matter. In order to be turned into coal, the peat must be buried from 4-

10 km deep by sediment. Peat exhibits the lowest carbon content (less than 60%) and has an 

energy density of 15 MJ/kg. 

 

Lignite 

Lignite or brown coal is brown in color and the lowest quality of coal. The carbon content of 

lignite ranges from 65-70%, therefore, compared to other types of coal it contains the greatest 

amount of compounds other than carbon—such as sulfur and mercury. Lignite is the youngest 

fossil fuel produced, with an age of approximately 60 million years. Its relatively short lifespan 

means it exhibits quite a low energy density at 18 MJ/kg.Lignite's high moisture content and 

lower carbon content results in more carbon dioxide emissions than harder black coals. 

 

 

 



Sub-Bituminous 

Sub-bituminous coal or black lignite is a grey-black or dark brown coal. It ranges from hard to 

soft as it represents an intermediate stage between low quality lignite and higher quality 

bituminous coal. The carbon content of sub-bituminous coal varies from 70-76%. Sub-

bituminous coals are among the younger coals geologically-approximately 251 million years old. 

Therefore, the longer burial time compared to lignite increases it's energy density ranges from 

18-23 MJ/kg. This type of coal is the most commonly used, with 30% of coal resources being 

sub-bituminous. 

 

Bituminous 

Bituminous coal is the second highest quality of coal, with a carbon content that ranges from 76-

86%.It is the most abundant type, and one of the longest buried fossil fuels-with an age of 

approximately 300 million years old. Therefore, its energy density is relatively high at 27 

MJ/kg.The high carbon and low moisture content of this particular type of coal makes it ideal in 

the production of steel and cement, as well as in electricity generation and coke production. 

 

 

 

 

 



Anthracite 

Anthracite is a dark black form of coal and the highest quality coal. It is very hard, has a low 

moisture content, and a carbon content of nearly 95%.When burned, anthracite can reach a very 

high temperature. In addition, anthracite is usually the oldest type of coal, having formed from 

biomass that was buried 350 million years ago. Its prolonged burial time means it exhibits a very 

high energy density of 33 MJ/kg-the highest of any type of coal. Since so much energy is 

released when burned, this fuel is exceptional at heating up quickly and burning very hot. 

Anthracite is used for space heating as it is one of the cleanest types of coal to burn-producing 

less smoke than other types. Its clean burning properties allow anthracite to burn longer than 

wood, making it appealing to use in home heating stoves. 

 

 

 

Coal 
Dry, Carbon 

content (%) 

Moisture content 

before drying (%) 

Dry, volatile 

content (%) 

Heat Content 

(MJ/kg)  

Anthracite 86-92 7-10 3-14 32-33  

Bituminous coal 76-86 8-18 14-46 23-33  

Sub-Bituminous 

coal 
70-76 18-38 42-53 18-23  

Lignite 65-70 35-55 53-63 17-18  

Peat <60 75 63-69 15  

(ii) Oils (Liquid Fuels) 

 The most commonly used liquid form of fossil fuel is oil and it is nothing but petroleum 

products.  It is collected by refining the crude oil and used for industrial and domestic purposes. 

(iii) Natural Gas: 

 Natural gas is a fossil fuel in the form of gas.  It is also obtained from the crude oil.  It is 

colourless, odourless and non-poisonous.  Methane is the major content in the natural gases and 

along with the small amounts of other hydrocarbons, naphthalene and aromatic CO2 and nitrogen 

are present. 

 



2. Water Power: 

 In general water power is developed by allowing water to fall under the force of 

gravity.  It is mainly used for electrical power generation.  Water power may be utilized for 

electricity by using dynamos or hydraulic turbines.  Water power is quite cheap where water is 

available in abundance.  It is renewable commercial type of energy sources.  Because of long 

time installation, high capital investment, the development rate of hydropower is still low. 

3. Nuclear Power: 

 Nuclear power is developed by fission reactions in nuclear reactors.  It is mainly used for 

electric power generation.  During fission, heat is released and this can be used to generate high 

pressure steam to drive turbo generators and produces electricity.  At present, all the reactors are 

burner type reactors with uses only uranium isotopes U235. 

II Renewable Energy Sources: 

 Renewable energies are many type and some of the most commonly used energies are: 

1. Solar Energy 

2. Wind Energy 

3. Bio-Mass Energy 

4. Ocean Thermal Energy Conversion 

5. Tidal Energy 

6. Geothermal Energy. 

1. Solar Energy 

 Solar energy is a one of very familiar renewable energy sources and its source is Sun.  In 

the recent year part of the energy requirement is satisfied by the solar systems across the 

world.  Photoconduction, photosynthesis are some of the familiar solar energy conversion 

process.  Solar energy can be used as such as heat or electricity by conversion etc.  Solar energy 

has the greatest attention of all the sources of renewable energy.  The solar power received b 

atmosphere is 1017 watts. 

2. Wind Energy: 

 Wind energy is a type of renewable energy sources obtained from wind.  Next to solar – 

electric power generation wind energy satisfies certain amount of power generation of wind 

energy satisfies certain amount of power generation of our country.  The energy available in the 

wind over the Earth’s surface is estimated to be 1.6X107 MW.  Wind can also be used for 

mechanical power which may be utilized for water pumping and other uses. 

3. Biomass Energy: 

 Biomass energy is an alternate source of energy in India.  This is because of plenty of 

agriculture and forest resources.  The biomass energy can be obtained from many methods like 

photo synthesis, biogas etc.  Apart from the forest and agriculture resources we have some other 

sources also for biomass energy are: 

1. Municipal wastes, sewages, wood products and industrial wastes. 

2. Dispersed water residue, crop residues legging residue and disposed manure. 



3. Harvested biomass, stand by biomass. 

4. Ocean Thermal Energy Conversion 

 Ocean thermal energy conversion is another type of renewable energy sources.  Since 

most of the earth surface is occupied by water surface as ocean and sea.  The ocean thermal 

energy is derived from the sun light.  Direct contact of Sun light on Oceanic source makes it 

hotter.  Whereas the inner surface of ocean is cooler than the upper, this difference in 

temperature causes for energy production.  The basic principle of OTEC is run a heat engine by 

passing the vapour of low boiling organic fluid. 

5. Tide Energy: 

 The tides are produced by astronomical gravitational force of the Sun and Moon.  If the 

difference between high and low tides is larger the generation of power is also high.  These tides 

can be used to produce electrical power which is known as tidal power.  For tidal power a tidal 

basin is built across the mouth of the bay.  The turbine is derived by tidal operations to produce 

the power.   

7. Geo Thermal Energy 

8. The major source of geothermal energy is from volcanic activities.  The stream coming 

out from the volcano’s activity is utilized to produce the power by driving the turbines. 

Comparison between Non-conventional and Renewable Energies 

S.NO. Conventional energy Sources Renewable Energy Sources 

1. Burning of fossil fuels pollutes the 

environmental conditions. 

It doesn’t pollute the environment. 

2. It contains more organic and mineral matters It doesn’t contains any organic and 

mineral matters 

3. Volatile matter is high for fossil fuels. Volatile matter is low for renewable 

energies. 

4. The calorific value is high for commercial 

energies. 

The calorific value is low for 

commercial energies. 

5. It produces by-product at the end of 

combustion. 

No by-products will be produced. 

6. Wastage of energy is more in fossil fuels. Wastage of energy is less in renewable 

energies. 

Applications, Merits and Demerits of Renewable and Non-Renewable Energy Sources: 

Coal: 
1. Combustion process of coal is used for the generation of stream for the generation of 

electricity. 

2. Coal gas is used as a fuel and also as an illuminant.  It is also called “Town gas” used for 

domestic purposes.  Coal gas is manufactured by heating high volatile at above 1350ºC. 

3. The important liquid level alcohol-based fuels like methanol are produced from coal.  

CO+2H2 → CH3OH. 

4.  Coal – tar fuels with high boiling point produced by distillation process are preferred 

fuels for steal melting.  They are more aromatic than petroleum fuels.  It burns with a 

more luminous flame. 



5. Benzol obtained from high temperature carbonization of coal, contains 15% of benzene 

used in internal combustion. 

Merits and Demerits of coal: 

Merits: 

1. Easily available  

2. There is no risk of explosion. 

3. The geology of coal is relatively simple. 

4. The deposits are over wide area and they lie near the Earth’s surface. 

5. The transport and storage of coal is convenient. 

Demerits: 

1. It has low thermal efficiency. 

2. The combustion process is slow. 

3. The combustion process needs more air. 

4. The by-products from combustion process like ash, sulphur and nitrogen are hazards to 

environment. 

5. The disposal of ash is a problem. 

6. Its calorific value is less compared to liquid and gaseous fuels. 

7. A major problem is that the coal is dirty fuel to burn. 

OIL: 

1.Aviation gasoline is used in Conventional ignition piston.engined aircraft,It has high 

octane content components. 

2.Petroleum greases are semisolid, lubricants which is usually light (or) machine oil 

3.Petroleum, waxes such as paraffin wax, such as paraffin wax, micro crystalline wax and 

petroleum are used in candles, 

4 Bitumen or asphalt is used in road construction, hydraulic engineering and industrial 

uses 

5.petroleum is used for anodes in aluminum industry, in the manufacture or artificial 

graphite, carbon products, electric furnace linings and dry cells 

6 Many products such as paraffin’s, aromatics, synthetic gas, plastics synthetic rubber, 

detergents, pesticides, fertilizers and etc. may also be derived from Petro chemicals 

 

Demerits: 

1. The presence hydrogen in higher content, lowers the combustion efficient 

2.  Oils are more expansive than solid fuel 

3. There is a possibility for leakage while transporting 

4. Risk of fine hazards is greater in oil especially inflammable 

5. For efficient combustion special type of burners and sprayers are needed 

6. Napthelinie acid produce desired from almost all crude oils are used as emulsion, paint 

etc., 

 

Merits: 

1.It is calorific value is higher 



2. They utilize less amount of oil for complete combustion them the solid fuels 

3.The thermal efficiency of oil is higher and combustion can be controlled 

4. They are free from impurities 

5. Liquid fuels are easy to handle store and transport 

6. Oil does not produce appreciable amount of ash aster burnings 

7. Spontaneous combustion is almost not possible 

 

Natural gas 

 Natural gas is the primary associated with crude petroleum and is produced in 

large volume from oil wells 

 Natural gas is the primary fuel associated with crude petroleum and is produced in 

larger volume from oil wells. Natural gas is mainly composed of methanol and 

small quantities of ethane and other hydro carbons .The calorific value of natural 

gas varies from 8000-4000 kcal/m3. 

 The production reserves of natural gas are not available in many countries. So it is 

difficult to  estimate the number of years for which the reserve will lost. Since the 

natural gases produced from crude oil, the estimation of reserve of natural gas 

may be based on crude oil.In this aspect approximately 170m3of gas may be 

obtained per barrel. Hence the estimated reserve of natural gas are about 

340x1012m3. 

 In general, the natural gas is classified into two categories. 

 1.Associated gas, 

 2.Non-associated gas Associated gas is natural gas originating from fields 

producing both liquids and gaseous hydrocarbons 

 Non-associated gas is natural gas which is obtained from the space above an oil 

reservoir. 

 USA, Canada, Western Europe and USSR are main sources of natural gas in 

world. 

Application: 

1.It is used in manufacture of number of chemicals by a synthetic process 

2. It is used as a raw material for the manufacture of carbon block and hydrogen 

3  Natural gas is now a major fuel in many countries 

Merits: 

1.Calorific value is greater than liquid fuel 

2. No ash or smoke is produced 

3 Transportation through pipe is possible 

4 They are less excess of air for complete combustion 

Demerits: 

1 It must  be stored in leak proof storage 

2 Greatest risk of fire hazards 


