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2.1 INTRODUCTION

Energy  is  essential  to  life  and  the  key  to  human  progress.  Its  conservation  is
essential in the modern industrial societies. The reasons are many. Coal and other
fossil  fuels  are  likely  to  be  depleted  soon  because  once  consumed,  they  are  no
longer available to us in the same form. Today, 85% of the primary energy comes
from fossil fuels. Their reserves are finite and will not exist for future generations
as the consumption increases with increasing population.

You will agree that considerable wastage of energy is taking place in our country.
We have to learn to use the energy resources judiciously to avoid energy death for
our future generations. For this, we need to understand what energy resources are
available to us and for how long. How can we make them last longer? Energy
conservation becomes important in this context. We begin this unit by discussing
energy conservation in general, and then with special reference to the usage of
conventional energy sources. We discuss related concerns and issues such as :

· The impact of energy production and consumption on the environment

· The importance of improving energy efficiency

· Ensuring energy security for all

· Exploring sustainable energy options for future.

We  present  examples  and  case  studies  of  how  people  around  the  world  are
grappling  with  these  issues.  We begin  by  exploring  the  energy  resource  base  of
our planet Earth with special reference to India.
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After studying this unit, you should be able to
· know the conventional energy sources,
· describe the fossil fuels and their occurrence,
· explain how to use fossil fuel as conventional energy sources,
· get familiarity with nuclear fuels, and
· know the conservation of energy.

  2.2 EARTH’S ENERGY RESOURCE BASE

In this section, we address the following questions: What are the energy resources
available to us? How fast are these being used up? How long will these last at the
present rate of consumption?

What are Energy Resources?
The Sun is the principal source of energy on our planet. Other common sources of
energy are fossil fuels like coal, oil, natural gas, biomass (such as wood,
agriculture waste, etc.), water, wind and nuclear energy. Some uncommon energy
sources include geo-thermal energy and tidal energy. These energy resources are
usually classified as :

Primary and Secondary Resources

Renewable and Non-renewable Resources
Commercial and Non-Commercial Resources

2.2.1 Primary and Secondary Resources
Primary energy resources are those that are found in nature. These are mostly
converted into secondary resources in industrial utilities. For example, coal, oil
and gas (primary energy resources) are converted into steam and electricity
(secondary resources of energy) for various applications.

2.2.2 Renewable and Non-renewable Resources
The energy resources such as coal, oil and gas cannot be replenished within
reasonable time span, and are likely to be depleted with time. They are often
referred to as fossil fuels as they are found underground. They have formed over
millions of years, but the rate at which they are consumed is much higher than at
which they were formed. They are practically non-renewable. Therefore, these are
known as non-renewable resources of energy. Their supplies are limited and when
these supplies are over, we will not be able to use these resources.
On the other hand, hydro energy, wind energy, biomass energy, solar energy, tidal
and geo-thermal energy are perpetual sources as they do not exhaust. All these
sources are dependent upon sun dependent and they will continue to exist as long
as sun lasts. They are identified as renewable. They are better termed as non-
conventional  or  alternative  energy  sources.  So  these  resources  will  not  be
depleted if they have to be managed properly.

Renewable Energy Sources
Renewable  energy  sources  (RES)  are  those  energy  sources  which  are  not
destroyed when their energy is harnessed. Renewable energy sources are distinct
from fossil fuels, which must be consumed to release energy. Human use of
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sunlight, wind, waves, water flow, and biological processes such as anaerobic
digestion, biological hydrogen production and geothermal heat.

Sufficient, reliable sources of energy are a necessity for industrialized nations.
Energy is used for heating and cooling, cooking, transportation and
manufacturing. Energy can be generally classified as non-renewable and
renewable. Over 85% of the energy used in the world is from non-renewable
supplies. Most developed nations are dependent on non-renewable energy sources
such as fossil fuels (coal, oil and natural gas) and nuclear power. These sources
are called non-renewable because they cannot be renewed or regenerated quickly
enough to keep pace with their use. Some sources of energy are renewable or
potentially renewable.
Industrialized societies depend on non-renewable energy sources. Fossil fuels are
the most commonly used types of non-renewable energy. They were formed when
incompletely decomposed plant and animal matter was buried in the earth's crust
or at bottom of occurs and converted into carbon-rich material that is useable as
fuel. This process occurred over millions of years and it is still continuing at a
very slow rate. The three main types of fossil fuels are coal, oil, and natural gas.
Two other less-used sources of fossil fuels are oil shale and tar sands.

2.2.3 Commercial and Non-commercial Resources
The energy resources that are available in the market for a definite price are
known  as  commercial  energy  resources.  These  include  coal,  oil,  natural  gas,
electricity and refined petroleum products. There are certain energy resources that
are not available in the commercial market for a price. These are called non-
commercial energy resources. For example, cattle dung, agricultural wastes, solar
energy for drying food products, animal power for transport, threshing, lifting
water,  etc.,  are  not  bought  or  sold  at  a  price.  These  are  also  called  traditional
sources.

You need to understand these terms as we shall be using them very often. You
may like to answer the following question before studying further to check your
understanding.

SAQ 1

(a) What is meant by renewable source of energy?

(b) What is bio-energy?

(c) What are the advantages and disadvantages of using geothermal energy?

(d) Is geothermal energy renewable or non-renewable?

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………
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Conventional energy is a blanket term for sources of energy that rely on
consumable materials. Conventional energy sources come out of the ground as
solids, liquids, and gases.

Examples of conventional energy are :
Nuclear fission materials.

Fossil fuels.
Coal

Petroleum
Natural gas

2.3.1 Coal
Coal is the most abundant fossil fuel in the world with an estimated reserve of one
trillion metric tons. Most of the world's coal reserves exist in Eastern Europe Asia
and Australia.  Reserve to production ratio (R/P) indicates how long the coal
reserves will last for whole world.  R/P ratio is 216 years whereas for India it is
147 years, but the United States also has considerable reserves. Coal formed
slowly over millions of years from the buried remains of ancient swamp plants.
During the formation of coal, carbonaceous matter was first compressed into a
spongy material called "peat," which is about 90% water. As the peat became
more deeply buried, the increased pressure and temperature turned it into coal.
Different types of coal resulted from differences in the pressure and temperature
that prevailed during formation. The softest coal (about 50% carbon), which also
has the lowest energy output, is called lignite. Lignite has the highest water
content (about 50%) and relatively low amounts of smog-causing sulfur. With
increasing temperature and pressure, lignite is transformed into bituminous coal
(about 85% carbon and 3% water). Anthracite (almost 100% carbon) is the
hardest coal and also produces the maximum energy when burned. Less than 1%
of the coal found in the United States is anthracite. Most of the coal found in the
United States is bituminous. Unfortunately, bituminous coal has the highest sulfur
content of all the coal types. When the coal is burned, the pollutant sulfur dioxide
is released into the atmosphere.

Coal mining creates several environmental problems. Coal is most cheaply mined
from near-surface deposits using strip mining techniques. Strip-mining causes
considerable environmental damage in the forms of erosion and habitat
destruction. Sub-surface mining of coal is less damaging to the surface
environment, but is much more hazardous for the miners due to tunnel collapses
and gas explosions. Currently, the world is consuming coal at a rate of about
5 billion metric tons per year. The main use of coal is for power generation,
because it is a relatively inexpensive way to produce power. Industry uses largest
quantity of coal which is about 55%. The electricity generation consumes about
40% of coal.

Coal is used to produce over 50% of the electricity in the United States. In
addition to electricity production, coal is sometimes used for heating and cooking
in less developed countries and in rural areas of developed countries. If
consumption continues at the same rate, the current reserves will last for not more
than 200 years. The burning of coal results in significant atmospheric pollution.
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oxides, heavy metals, and carbon dioxide are also released into the air during coal
burning. The harmful emissions can be reduced by installing scrubbers and
electrostatic  precipitators  in  the  smokestacks  of  power  plants.  The  toxic  ash
remaining after coal burning is also an environmental concern and is usually
disposed into landfills. Alternative uses of ash are still under investigation one use
is mixing with current (up to 5 %) used for construction.

2.3.2 Oil
Crude oil or liquid petroleum, is a fossil fuel that is refined into many different
energy products (e.g., petrol, diesel fuel, jet fuel, heating oil). Oil forms
underground in rock such as shale, which is rich in organic materials. After the oil
forms, it migrates upward into porous reservoir rock such as sandstone or
limestone, where it can become trapped by an overlying impermeable cap rock.
Wells  are  drilled  into  these  oil  reservoirs  to  remove  the  gas  and  oil.  Over
70 percent of oil fields are found near tectonic plate boundaries, because the
conditions there are conducive to oil formation.
Oil recovery can involve more than one stage. The primary stage involves
pumping oil from reservoirs under the normal reservoir pressure. About 25
percent of the oil in a reservoir can be removed during this stage. The secondary
recovery stage involves injecting hot water into the reservoir around the well.
This water forces the remaining oil toward the area of the well from which it can
be recovered. Sometimes a tertiary method of recovery is used in order to remove
as much oil as possible. This involves pumping steam, carbon dioxide gas or
nitrogen gas into the reservoir to force the remaining oil toward the well. Tertiary
recovery  is  very  expensive  and  can  cost  up  to  half  of  the  value  of  oil  removed.
Carbon dioxide used in this method remains sequestered in the deep reservoir,
thus mitigating its potential greenhouse effect on the atmosphere. The refining
process required to convert crude oil into useable hydrocarbon compounds
involves boiling the crude and separating the gases in a process known as
fractional distillation. Besides its use as a source of energy, oil also provides base
material for plastics, provides asphalt for roads and is a source of industrial
chemicals.

About 65% of the world's oil is found in the Middle East; sizeable additional
reserves occur in South and Central America (9.1%) The production and
consumption of oil is very unfavorably divided. Counties belonging to
Organization of Economic Cooperation and Development (OECD) account for
63% of global consumption of which they produce 29%. On the other hand the
countries belonging to organization of petroleum exporting countries produce
40%  of  oil  and  consume  only  6%.  The  R/P  ratio  for  USA  is  only  11  years  of
global oil which they produce 29%. North America (6.1%), former Soviet Union
(6.2) and Africa (7.2%). Most known oil reserves are already being exploited, and
oil is being used at a rate that exceeds the rate of discovery of new sources. If the
consumption rate continues to increase and no significant new sources are found,
oil supplies may be exhausted in another 30 years or so.

Despite  its  limited  supply,  oil  is  a  relatively  inexpensive  fuel  source.  It  is  a
preferred fuel source over coal. An equivalent amount of oil produces more
kilowatts of energy than coal. It also burns cleaner, producing about 50 percent
less sulfur dioxide.

Oil, however, does cause environmental problems. The burning of oil releases
atmospheric pollutants such as sulfur dioxide, nitrogen oxides, carbon dioxide and
carbon monoxide. These gases are smog-precursors that pollute the air and
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associated with the use of oil is the impact of oil drilling. Substantial oil reserves
lie under the ocean. Oil spill accidents involving drilling platforms kill marine
organisms and birds. Some reserves such as those in northern Alaska occur in
wilderness areas. The building of roads, structures and pipelines to support oil
recovery operations can severely impact the wildlife in those natural areas.

2.3.3 Natural Gas
Natural gas production  is  often  a  by-product  of  oil  recovery,  as  the  two
commonly share underground reservoirs. Natural gas is a mixture of gases, the
most common being methane (CH4). It also contains some ethane (C2H5),
propane (C3H8), and butane (C4H10). Natural gas is usually not contaminated with
sulfur and is therefore the cleanest burning fossil fuel. After recovery, propane
and butane are removed from the natural gas and made into liquefied petroleum
gas (LPG). LPG is shipped in special pressurized tanks as a fuel source for areas
not directly served by natural gas pipelines (e.g., rural communities). The
remaining natural gas is further refined to remove impurities and water vapor, and
then transported in pressurized pipelines. The United States has over 300,000
miles of natural gas pipelines. Natural gas is highly flammable and is odorless.
The characteristic smell associated with natural gas is actually that of minute
quantities of a smelly sulfur compound (ethyl mercaptan) which is added during
refining to warn consumers of gas leaks.
The use of natural gas is growing rapidly. Besides being a clean burning fuel
source, natural gas is easy and inexpensive to transport once pipelines are in
place. In developed countries, natural gas is used primarily for heating, cooking,
and powering vehicles. It is also used in a process for making ammonia fertilizer.
The current estimate of natural gas reserves is about 100 million metric tons. At
current usage levels, this supply will last an estimated 100 years. Most of the
world's natural gas reserves are found in countries of former Soviet Union and the
Middle East. Each region is having almost 36% of world’s gas reserve. Countries
like Turkmenistan, Iran and Quatar have large reserve. The new sources are being
discovered.

2.3.4 Oil Shale and Tar Sands
Oil shale and tar sands are the least utilized fossil fuel sources. Oil shale is
sedimentary rock with very fine pores that contain kerogen, a carbon-based, waxy
substance. If shale is heated to 490º C, the kerogen vaporizes and can then be
condensed as shale oil, a thick viscous liquid. This shale oil is generally further
refined into usable oil products. Production of shale oil requires large amounts of
energy for mining and processing the shale. Indeed about a half barrel of oil is
required to extract every barrel of shale oil. Oil shale is plentiful, with estimated
reserves totaling 3 trillion barrels of recoverable shale oil. These reserves alone
could satisfy the world's oil needs for about 100 years. Environmental problems
associated with oil shale recovery include: large amounts of water needed for
processing, disposal of toxic waste water, and disruption of large areas of surface
lands.
Tar sand is a type of sedimentary rock that is impregnated with a very thick crude
oil. This thick crude does not flow easily and thus normal oil recovery methods
cannot be used to mine it. If tar sands are near the surface, they can be mined
directly. In order to extract the oil from deep-seated tar sands, however, steam
must be injected into the reservoir to make the oil flow better and push it toward
the recovery well. The energy cost for producing a barrel of tar sand is similar to
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contains enough material (about 500 billion barrels) to supply the world with oil
for about 15 years. However, because of environmental concerns and high
production costs these tar sand fields are not being fully utilized.

2.3.5 Nuclear Power
In most electric power plants, water is heated and converted into steam, which
drives a turbine-generator to produce electricity. Fossil-fueled power plants
produce heat by burning coal, oil, or natural gas. In a nuclear power plant, the
fission of uranium atoms in the reactor provides the heat to produce steam for
generating electricity.
Several commercial reactor designs are currently in use in the United States. The
most widely used design consists of a heavy steel pressure vessel surrounding a
reactor core. The reactor core contains the uranium fuel, which is formed into
cylindrical ceramic pellets and sealed in long metal tubes called fuel rods.
Thousands of fuel rods form the reactor core. Heat is produced in a nuclear
reactor when neutrons strike uranium atoms, causing them to split in a continuous
chain reaction. Control rods, which are made of a material such as boron that
absorbs neutrons, are placed among the fuel assemblies.

When the neutron-absorbing control rods are pulled out of the core, more
neutrons become available for fission and the chain reaction speeds up, producing
more heat. When they are inserted into the core, fewer neutrons are available for
fission, and the chain reaction slows or stops, reducing the heat generated. Heat is
removed from the reactor core area by water flowing through it in a closed
pressurized loop. The heat is transferred to a second water loop through a heat
exchanger. The water also serves to slow down, or "moderate" the neutrons which
is necessary for sustaining the fission reactions. The second loop is kept at a
lower pressure, allowing the water to boil and create steam, which is used to
power the turbine-generator and produce electricity.
Originally, nuclear energy was expected to be a clean and cheap source of energy.
Nuclear fission does not produce atmospheric pollution or greenhouse gases and
its proponents expected that nuclear energy would be cheaper and last longer than
fossil fuels. Unfortunately, because of construction cost overruns, poor
management, and numerous regulations, nuclear power ended up being much
more expensive than predicted. The nuclear accidents at Three Mile Island in
Pennsylvania and the Chernobyl Nuclear Plant in the Ukraine raised concerns
about the safety of nuclear power. Furthermore, the problem of safely disposing
spent nuclear fuel remains unresolved. The United States has not built a new
nuclear facility since 1979, but with continued energy crises across the country
that  situation  may  change.  By  the  end  of  the  20th century out of 438 nuclear
power plants in the world 104 were in USA and 59 in France. These two countries
have 50% of installed nuclear electricity capacity. Japan is another country which
produces 12% of nuclear electricity in 43 plants the developed counties not to add
new nuclear plants and 2020 their capacity will reduce by 8%. On the contrary
developing countries likely to increase to about 62 GW which now about 27 GW.

Nuclear Fuels (Radioactive Materials)
The non-renewable sources of energy are also called conventional sources of
energy. The non-renewable sources of energy (like coal, petroleum, natural gas
and uranium) are present in a limited amount in the earth. Once exhausted, they
will not be available to us again. The nuclear fuels have been put in the category
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conveniently  extracted  from  the  earth  are  limited  and  hence  they  will  get
exhausted one day.

According to the above classification, wood (obtained by the cutting of trees) is a
renewable source of energy. Now, a newly planted sapling usually takes more
than 15 years to grow and mature into a tree. So, replenishment of cut down trees
takes a very long time. Another disadvantage is that cut down trees takes a very
long  time.  Yet  another  disadvantage  is  that  the  cutting  down of  trees  on  a  large
scale (for obtaining wood) causes depletion of the forests leading to imbalance in
nature. Due to these reasons, using wood as a source of energy is not a wise
decision (even though it is a renewable source of energy). Managed forest could
be a solution.

SAQ 1

(a) Which of the following are renewable and which are non-renewable sources of
energy? Coal, Wind, Tides, Petroleum, Bio-mass, Natural gas.

(b) Why are fossil fuels classified as non-renewable sources of energy?

(c) Explain why, though wood is a renewable source of energy but the use of wood as
a fuel is not a wise decision.

(d) What is meant by a source of energy?

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

2.4 LET US SUM UP

Let us summarise what we have discussed in this unit. In this unit, you have been
introduced to renewable resources as well as non-renewable resources of energy.

A renewable resource of energy is something that is being continually replaced
faster than we use it up. Solar energy is considered a renewable source of energy
because no matter how much energy we use from the sun it will continue to shine
just  as  it  did  before  wind  energy,  geothermal  energy;  Biomass  are  also  few
example of renewable energy. A non-renewable resource is something that is not
being replaced as we consume of. We can give the example of non-renewable
resources as oil. Coal is also non-renewable resources of energy.
Conventional  energy  is  a  blanket  term  for  sources  of  energy  that  rely  on
Consumable materials. In this unit, you have been introducing difference types of
conventional and energy resources like coal, petroleum, natural gas and nuclear
energy.

2.5 KEY WORDS

Renewable Sources of energy

Those sources of energy which are being produced continuously in nature
and are inexhaustible, are called renewable sources of energy.
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Non-Renewable Sources of energy

Those sources of energy which have accumulated in nature over a year long
time and cannot be quickly replaced when exhausted are called non-
renewable sources of energy.

Coal

Coal is a complex mixture of compounds of carbon, hydrogen and oxygen,
and some free carbon. Small amounts of nitrogen and sulphur compounds
are also present in coal.

Petroleum

Petroleum is a dark colored, viscous, and foul smelling crude oil.
Solar Energy

Solar energy is light and heat energy from the sun. Solar cells convert
sunlight into electrical energy. Thermal collectors convert sunlight into heat
energy. Solar technologies are used in watches, calculators, water pumps,
space satellites, for heating water, and supplying clean electricity to the
power grid. There is enough solar radiation striking the surface of the earth,
to provide all of our energy needs.

Biomass Energy

Biomass is material of plants and animals that can be used for energy. This
includes using wood from trees, waste from plants and manure from
livestock. Biomass can be used to generate electricity, light, heat, motion
and fuel. Converting biomass energy into useable energy has many
environmental benefits. It uses waste materials that are usually dumped, and
uses up methane (a greenhouse gas). Fuels such as ethanol can be made
from biomass and used as an alternative to petrol to power motor cars.

Geothermal Energy

Geothermal energy uses heat energy from beneath the surface of the earth.
Some of this heat finds its way to the surface in the form of hot springs or
geysers. Other schemes tap the heat energy by pumping water through hot
dry rocks several kilometres beneath the earth’s surface. Geothermal energy
is used for the generation of electricity and for space and water heating in a
small number of countries.

2.6 ANSWERS TO SAQs

SAQ 1

(a) Renewable source of energy means that this source is not exhaustible
by its use in producing electricity or heat (steam) or mechanical
energy.
Examples are solar energy. Using sunlight to produce electricity
through special devices, called photoelectric cells, will not exhaust
sunlight coming to earth.
Indigenous fuels like oil, gas, and coal are examples of nonrenewable
sources of energy as they are exhausted by their use.

(b) It's plant or waste material like trees crops and garbage. It is burned.
This releases heat. The heat makes steam and the steam turns turbines
to create energy.
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it heats up into steam. This is then pumped up another shaft and used
to generate electricity. The same water, cooled, is then pumped down
the original shaft to continue the process.

Advantages
· unlimited free energy.
· it is sustainable, as it can be used day and night, and will never

run out.
· the energy source is renewable.

· it does not depend on the weather.
· no pollution, apart for the initial building and set-up.

· no carbon dioxide or greenhouse gases given off.
· the electricity generated is more than enough to power the

pumps.

Disadvantages
· not everywhere has hot rocks close enough to the surface.
· the drill shaft sometimes has to be many kilometers deep. This

is expensive and not easy to do. The drilling may cause rock
instability in the region.

· after some years the hot rocks may cool down and need a
resting period before they heat up again.

(d) It depends on the geothermal steam resource. If the rate of extraction
of steam is faster than the rate of heat recovery of the resource, it is
not renewable. Otherwise, it is renewable.
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