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and electricity. Primary energy can also be used directly. Some energy sources have non-ener-
gy uses, for example coal or natural gas can be used as a feedstock in fertiliser plants.

1.3 Commercial Energy and Non Commercial Energy

Commercial Energy

The energy sources that are available in the market for a definite price are known as commer-
cial energy.  By far the most important forms of commercial energy are electricity, coal and
refined petroleum products. Commercial energy forms the basis of industrial, agricultural,
transport and commercial development in the modern world. In the industrialized countries,
commercialized fuels are predominant source not only for economic production, but also for
many household tasks of general population.

Examples: Electricity, lignite, coal, oil, natural gas etc.

Non-Commercial Energy  

The energy sources that are not available in the commercial market for a price are classified as
non-commercial energy. Non-commercial energy sources include fuels such as firewood, cattle
dung and agricultural wastes, which are traditionally gathered, and not bought at a price used
especially in rural households. These are also called traditional fuels. Non-commercial energy
is often ignored in energy accounting.

Example: Firewood, agro waste in rural areas; solar energy for water heating, electricity
generation, for drying grain, fish and fruits; animal power for transport, threshing, lifting water
for irrigation, crushing sugarcane; wind energy for lifting water and electricity generation. 

1.4 Renewable and Non-Renewable Energy

Renewable energy is energy obtained from sources that are essentially inexhaustible. Examples
of renewable resources include wind power, solar power, geothermal energy, tidal power and
hydroelectric power (See Figure 1.2). The most important feature of renewable energy is that it
can be harnessed without the release of harmful pollutants. 

Non-renewable energy is the conventional fossil fuels such as coal, oil and gas, which are
likely to deplete with time.

Figure 1.2 Renewable and Non-Renewable Energy
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1.5 Global Primary Energy Reserves*

Coal

The proven global coal reserve was estimated to be 9,84,453 million
tonnes by end of 2003. The USA had the largest share of the global
reserve (25.4%) followed by Russia (15.9%), China (11.6%). India
was 4th in the list with 8.6%.

Oil

The global proven oil reserve was estimated to be 1147 billion barrels by the end of 2003. Saudi
Arabia had the largest share of the reserve with almost 23%. 
(One barrel of oil is approximately 160 litres)

Gas

The global proven gas reserve was estimated to be 176 trillion cubic metres
by the end of 2003. The Russian Federation had the largest share of the
reserve with almost 27%.
(*Source: BP Statistical Review of World Energy, June 2004)

World oil and gas reserves are estimated at just 45 years and 65
years respectively. Coal is likely to last a little over 200 years

Global Primary Energy Consumption

The global primary energy consumption at the end of 2003 was equivalent to 9741 million
tonnes of oil equivalent (Mtoe). The Figure 1.3 shows in what proportions the sources men-
tioned above contributed to this global figure.

Figure 1.3 Global Primary Energy Consumption
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The primary energy consumption for few of the developed and developing countries are shown
in Table 1.1. It may be seen that India's absolute primary energy consumption is only 1/29th of
the world, 1/7th of USA, 1/1.6th time of Japan but 1.1, 1.3, 1.5 times that of Canada, France
and U.K respectively.

TABLE 1.1 PRIMARY ENERGY CONSUMPTION BY FUEL, 2003

In Million tonnes oil equivalent

Oil Natural Coal Nuclear Hydro Total
Country Gas Energy electric

USA 914.3 566.8 573.9 181.9 60.9 2297.8

Canada 96.4 78.7 31.0 16.8 68.6 291.4

France 94.2 39.4 12.4 99.8 14.8 260.6

Russian Federation 124.7 365.2 111.3 34.0 35.6 670.8

United Kingdom 76.8 85.7 39.1 20.1 1.3 223.2

China 275.2 29.5 799.7 9.8 64.0 1178.3

India 113.3 27.1 185.3 4.1 15.6 345.3

Japan 248.7 68.9 112.2 52.2 22.8 504.8

Malaysia 23.9 25.6 3.2 - 1.7 54.4

Pakistan 17.0 19.0 2.7 0.4 5.6 44.8

Singapore 34.1 4.8 - - - 38.9

TOTAL WORLD 3636.6 2331.9 2578.4 598.8 595.4 9741.1

Energy Distribution Between Developed and Developing Countries

Although 80 percent of the world's popula-
tion lies in the developing countries (a four-
fold population increase in the past 25 years),
their energy consumption amounts to only 40
percent of the world total energy consump-
tion. The high standards of living in the
developed countries are attributable to high-
energy consumption levels. Also, the rapid
population growth in the developing coun-
tries has kept the per capita energy consump-
tion low compared with that of highly indus-
trialized developed countries.  The world average energy consumption per person is equivalent
to 2.2 tonnes of coal. In industrialized countries, people use four to five times more than the
world average, and nine times more than the average for the developing countries. An American
uses 32 times more commercial energy than an Indian.

Figure 1.4: Energy Distribution Between D eveloped
and Developing Countries
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1.6 Indian Energy Scenario

Coal dominates the energy mix in India, contributing to 55% of the total primary energy pro-
duction. Over the years, there has been a marked increase in the share of natural gas in prima-
ry energy production from 10% in 1994 to 13% in 1999. There has been a decline in the share
of oil in primary energy production from 20% to 17% during the same period. 

Energy Supply

Coal Supply

India has huge coal reserves, at least 84,396 million tonnes of proven recoverable reserves (at
the end of 2003). This amounts to almost 8.6% of the world reserves and it may last for about
230 years at the current Reserve to Production (R/P) ratio. In contrast, the world's proven coal
reserves are expected to last only for 192 years at the current R/P ratio.
Reserves/Production (R/P) ratio- If the reserves remaining at the end of the year are divided
by the production in that year, the result is the length of time that the remaining reserves would
last if production were to continue at that level.

India is the fourth largest producer of coal and lignite in the world. Coal production is con-
centrated in these states (Andhra Pradesh, Uttar Pradesh, Bihar, Madhya Pradesh, Maharashtra,
Orissa, Jharkhand, West Bengal). 

Oil Supply

Oil accounts for about 36 % of India's
total energy consumption. India today
is one of the top ten oil-guzzling
nations in the world and will soon
overtake Korea as the third largest
consumer of oil in Asia after China
and Japan. The country's annual crude
oil production is peaked at about 32
million tonne as against the current
peak demand of about 110 million
tonne. In the current scenario, India's
oil consumption by end of 2007 is
expected to reach 136 million
tonne(MT), of which domestic production will be only 34 MT. India will have to pay an oil bill
of roughly $50 billion, assuming a weighted average price of $50 per barrel of crude. In 2003-
04, against total export of $64 billion, oil imports accounted for $21 billion. India imports 70%
of its crude needs mainly from gulf nations. The majority of India's roughly 5.4 billion barrels
in oil reserves are located in the Bombay High, upper Assam, Cambay, Krishna-Godavari. In
terms of sector wise petroleum product consumption, transport accounts for 42% followed by
domestic and industry with 24% and 24% respectively. India spent more than Rs.1,10,000 crore
on oil imports at the end of 2004.
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Natural Gas Supply

Natural gas accounts for about 8.9 per cent of energy consumption in the country. The current
demand for natural gas is about 96 million cubic metres per day (mcmd) as against availability
of 67 mcmd. By 2007, the demand is expected to be around 200 mcmd. Natural gas reserves
are estimated at 660 billion cubic meters. 

Electrical Energy Supply

The all India installed capacity of electric power generating sta-
tions under utilities was 1,12,581 MW as on 31st May 2004,
consisting of 28,860 MW- hydro, 77,931 MW - thermal and
2,720 MW- nuclear and 1,869 MW- wind (Ministry of Power).
The gross generation of power in the year 2002-2003 stood at
531 billion units (kWh). 

Nuclear Power Supply

Nuclear Power contributes to about 2.4 per cent of electricity
generated in India.  India has ten nuclear power reactors at five nuclear power stations produc-
ing electricity.  More nuclear reactors have also been approved for construction.  

Hydro Power Supply

India is endowed with a vast and viable hydro potential for power generation of which only
15% has been harnessed so far. The share of hydropower in the country's total generated units
has steadily decreased and it presently stands at 25% as on 31st May 2004. It is assessed that
exploitable potential at 60% load factor is 84,000 MW.

Final Energy Consumption

Final energy consumption is the actual energy demand at the user end. This is the difference
between primary energy consumption and the losses that takes place in transport, transmission
& distribution and refinement. The actual final energy consumption (past and projected) is
given in Table 1.2.

TABLE 1.2 DEMAND FOR COMMERCIAL ENERGY FOR FINAL 

CONSUMPTION (BAU SCENARIO)

Source Units 1994-95 2001-02 2006-07 2011-12

Electricity Billion Units 289.36 480.08 712.67 1067.88

Coal Million Tonnes 76.67 109.01 134.99 173.47

Lignite Million Tonnes 4.85 11.69 16.02 19.70

Natural Gas Million Cubic Meters 9880 15730 18291 20853

Oil Products Million Tonnes 63.55 99.89 139.95 196.47

Source: Planning Commission  BAU:_Business As Usual
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Sector Wise Energy Consumption in India

The major commercial energy consuming sectors in the
country are classified as shown in the Figure 1.5. As seen
from the figure, industry remains the biggest consumer of
commercial energy and its share in the overall consumption
is 49%. (Reference year: 1999/2000)

1.7 Energy Needs of Growing Economy

Economic growth is desirable for developing countries, and
energy is essential for economic growth. However, the relationship between economic growth
and increased energy demand is not always a straightforward linear one. For example, under
present conditions, 6% increase in India's Gross Domestic Product (GDP) would impose an
increased demand of 9 % on its energy sector. 

In this context, the ratio of energy demand to GDP is a useful indicator. A high ratio reflects
energy dependence and a strong influence of energy on GDP growth. The developed countries,
by focusing on energy efficiency and lower energy-intensive routes, maintain their energy to
GDP ratios at values of less than 1. The ratios for developing countries are much higher.

India's Energy Needs

The plan outlay vis-à-vis share of energy is given in Figure 1.6. As seen from the Figure, 18.0%
of the total five-year plan outlay is spent on the energy sector.

Per Capita Energy Consumption

The per capita energy consumption (see Figure 1.7) is too low for India as compared to devel-
oped countries. It is just 4% of USA and 20% of the world average. The per capita consump-
tion is likely to grow in India with growth in economy thus increasing the energy demand.

Figure 1.5   Sector Wise Energy
Consumption  (1999-2000) 

Figure 1.6 Expenditure Towards Energy Sector

PLANWISE OUTLAY
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Energy Intensity

Energy intensity is energy consumption per unit of GDP. Energy intensity indicates the devel-
opment stage of the country. India's energy intensity is 3.7 times of Japan, 1.55 times of USA,
1.47 times of Asia and 1.5 times of World average. 

1.8 Long Term Energy Scenario for India

Coal

Coal is the predominant energy source for power production in India, generating approximate-
ly 70% of total domestic electricity. Energy demand in India is expected to increase over the
next 10-15 years; although new oil and gas plants are planned, coal is expected to remain the
dominant fuel for power generation. Despite significant increases in total installed capacity dur-
ing the last decade, the gap between electricity supply and demand continues to increase. The
resulting shortfall has had a negative impact on industrial output and economic growth.
However, to meet expected future demand, indigenous coal production will have to be greatly
expanded. Production currently stands at around 290 Million tonnes per year, but coal demand
is expected to more than double by 2010. Indian coal is typically of poor quality and as such
requires to be beneficiated to improve the quality; Coal imports will also need to increase dra-
matically to satisfy industrial and power generation requirements.

Oil

India's demand for petroleum products is likely to rise from 97.7 million tonnes in 2001-02 to
around 139.95 million tonnes in 2006-07, according to projections of the Tenth Five-Year Plan.
The plan document puts compound annual growth rate (CAGR) at 3.6 % during the plan peri-
od. Domestic crude oil production is likely to rise marginally from 32.03 million tonnes in
2001-02 to 33.97 million tonnes by the end of the 10th plan period (2006-07). India's self suf-
ficiency in oil has consistently declined from 60% in the 50s to 30% currently. Same is expect-

Figure 1.7 Per Capita Energy Consumption
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ed to go down to 8% by 2020. As shown in
the figure 1.8, around 92% of India's total
oil demand by 2020 has to be met by
imports.

Natural Gas

India's natural gas production is likely to
rise from 86.56 million cmpd in 2002-03
to 103.08 million cmpd in 2006-07. It is
mainly based on the strength of a more
than doubling of production by private
operators to 38.25 mm cmpd.

Electricity 

India currently has a
peak demand shortage
of around 14% and an
energy deficit of 8.4%.
Keeping this in view
and to maintain a GDP
(gross domestic prod-
uct) growth of 8% to
10%, the Government
of India has very pru-
dently set a target of
215,804 MW power
generation capacity by
March 2012 from the
level of 100,010 MW as
on March 2001, that is a capacity addition of 115,794 MW in the next 11 years (Table 1.3). 
In the area of nuclear power the objective is to achieve 20,000 MW of nuclear generation capac-
ity by the year 2020.

Figure 1.8 India's Oil Balance

Figure 1.9 Proven Oil Reserve/Consumption (in Million Tonnes)
India Vs World (At End 2002)
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TABLE 1.3 INDIA'S PERSPECTIVE PLAN FOR POWER FOR ZERO DEFICIT 

POWER BY 2011/12 (SOURCE TENTH AND ELEVENTH FIVE-YEAR 

PLAN PROJECTIONS)

Thermal Gas / LNG / Nuclear Hydro Total(MW)
(Coal) (MW) Diesel (MW) (MW) (MW)

Installed capacity as on Gas: 10,153
March 2001 61,157 Diesel: 864 2720 25,116 100,010

Additional capacity 53,333 20,408 9380 32,673 115,794
(2001-2012)

Total capacity as on 114,490 31,425 12,100 57,789 215,804
March 2012 (53.0%) (14.6%) (5.6%) (26.8%)
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1.11 Energy and Environment

The usage of energy resources in industry
leads to environmental damages by polluting
the atmosphere. Few of examples of air pollu-
tion are sulphur dioxide (SO2), nitrous oxide
(NOX) and carbon monoxide (CO) emissions
from boilers and furnaces, chloro-fluro car-
bons (CFC) emissions from refrigerants use,
etc. In chemical and fertilizers industries,
toxic gases are released. Cement plants and
power plants spew out particulate matter.
Typical inputs, outputs, and emissions for a
typical industrial process are shown in Figure
1.10.

Air Pollution

A variety of air pollutants have known or suspected harmful effects on human health and the
environment. These air pollutants are basically the products of combustion from fossil fuel use.
Air pollutants from these sources may not only create problems near to these sources but also
can cause problems far away. Air pollutants can travel long distances, chemically react in the
atmosphere to produce secondary pollutants such as acid rain or ozone. 

Evolutionary Trends in Pollution Problems

In both developed and rapidly industrialising countries, the major historic air pollution
problem has typically been high levels of smoke and SO2 arising from the combustion of sul-
phur-containing fossil fuels such as coal for domestic and industrial purposes. 

Smogs resulting from the combined effects of black smoke, sulphate / acid aerosol and fog
have been seen in European cities until few decades ago and still occur in many cities in devel-
oping world. In developed countries, this problem has significantly reduced over recent decades
as a result of changing fuel-use patterns; the increasing use of cleaner fuels such as natural gas,
and the implementation of effective smoke and emission control policies.

In both developed and developing countries, the major threat to clean air is now posed by
traffic emissions. Petrol- and diesel-engined motor vehicles emit a wide variety of pollutants,
principally carbon monoxide (CO), oxides of nitrogen (NOx), volatile organic compounds
(VOCs) and particulates, which have an increasing impact on urban air quality.

In addition, photochemical reactions resulting from the action of sunlight on NO2 and VOCs
from vehicles leads to the formation of ozone, a secondary long-range pollutant, which impacts
in rural areas often far from the original emission site. Acid rain is another long-range pollutant
influenced by vehicle NOx emissions.

Industrial and domestic pollutant sources, together with their impact on air quality, tend to
be steady-state or improving over time. However, traffic pollution problems are worsening
world-wide. The problem may be particularly severe in developing countries with dramatically
increasing vehicle population, infrastructural limitations, poor engine/emission control tech-
nologies and limited provision for maintenance or vehicle regulation.

Figure 1.10   Inputs & Outputs of Process



The principle pollutants produced by industrial, domestic and traffic sources are sulphur
dioxide, nitrogen oxides, particulate matter, carbon monoxide, ozone, hydrocarbons, benzene,
1,3-butadiene, toxic organic micropollutants, lead and heavy metals.

Brief introduction to the principal pollutants are as follows: 

Sulphur dioxide is a corrosive acid gas, which combines with water
vapour in the atmosphere to produce acid rain. Both wet and dry deposi-
tion have been implicated in the damage and destruction of vegetation
and in the degradation of soils, building materials and watercourses. SO2

in ambient air is also associated with asthma and chronic bronchitis.  The
principal source of this gas is power stations and industries burning fos-
sil fuels, which contain sulphur.  

Nitrogen oxides are formed during high temperature combustion
processes from the oxidation of nitrogen in the air or fuel. The principal
source of nitrogen oxides - nitric oxide (NO) and nitrogen dioxide (NO2),
collectively known as NOx - is road traffic. NO and NO2 concentrations
are greatest in urban areas where traffic is heaviest. Other important
sources are power stations and industrial processes. 

Nitrogen oxides are released into the atmosphere mainly in the form
of NO, which is then readily oxidised to NO2 by reaction with ozone.

Elevated levels of NOx occur in urban environments under stable meteorological conditions,
when the air mass is unable to disperse. 

Nitrogen dioxide has a variety of environmental and health impacts. It irritates the respira-
tory system and may worsen asthma and increase susceptibility to infections. In the presence of
sunlight, it reacts with hydrocarbons to produce photochemical pollutants such as ozone. 

Nitrogen oxides combine with water vapour to form nitric acid. This nitric acid is in turn
removed from the atmosphere by direct deposition to the ground, or transfer to aqueous droplets
(e.g. cloud or rainwater), thereby contributing to acid deposition. 

Acidification from SO2 and NOx

Acidification of water bodies and soils, and the consequent impact on agriculture, forestry and
fisheries are the result of the re-deposition of acidifying compounds resulting principally from
the oxidation of primary SO2 and NO2 emissions from fossil fuel combustion. Deposition may
be by either wet or dry processes, and acid deposition studies often need to examine both of
these acidification routes. 

Airborne particulate matter varies widely in its physical and chem-
ical composition, source and particle size. PM10 particles (the fraction of
particulates in air of very small size (<10 µm)) are of major current con-
cern, as they are small enough to penetrate deep into the lungs and so
potentially pose significant health risks. In addition, they may carry sur-
face-absorbed carcinogenic compounds into the lungs. Larger particles,
meanwhile, are not readily inhaled, and are removed relatively efficient-
ly from the air by settling. 

A major source of fine primary particles are combustion processes, in particular diesel com-
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bustion, where transport of hot exhaust vapour into a cooler exhaust pipe can lead to sponta-
neous nucleation of "carbon" particles before emission. Secondary particles are typically
formed when low volatility products are generated in the atmosphere, for example the oxida-
tion of sulphur dioxide to sulphuric acid. The atmospheric lifetime of particulate matter is
strongly related to particle size, but may be as long as 10 days for particles of about 1mm in
diameter. 

Concern about the potential health impacts of PM10 has increased very rapidly over recent
years. Increasingly, attention has been turning towards monitoring of the smaller particle frac-
tion PM2.5 capable of penetrating deepest into the lungs, or to even smaller size fractions or total
particle numbers.

Carbon monoxide (CO) is a toxic gas, which is emitted into the
atmosphere as a result of combustion processes, and from oxidation of
hydrocarbons and other organic compounds. In urban areas, CO is pro-
duced almost entirely (90%) from road traffic emissions. CO at levels
found in ambient air may reduce the oxygen-carrying capacity of the
blood. It survives in the atmosphere for a period of approximately 1
month and finally gets oxidised to carbon dioxide (CO2). 

Ground-level ozone (O3), unlike other primary pollutants mentioned
above, is not emitted directly into the atmosphere, but is a secondary pol-
lutant produced by reaction between nitrogen dioxide (NO2), hydrocar-
bons and sunlight. Ozone can irritate the eyes and air passages causing
breathing difficulties and may increase susceptibility to infection. It is a
highly reactive chemical, capable of attacking surfaces, fabrics and rub-
ber materials. Ozone is also toxic to some crops, vegetation and trees. 

Whereas nitrogen dioxide (NO2) participates in the formation of
ozone, nitrogen oxide (NO) destroys ozone to form oxygen (O2) and nitrogen dioxide (NO2).
For this reason, ozone levels are not as high in urban areas (where high levels of NO are emit-
ted from vehicles) as in rural areas. As the nitrogen oxides and hydrocarbons are transported out
of urban areas, the ozone-destroying NO is oxidised to NO2, which participates in ozone for-
mation. 

Hydrocarbons

There are two main groups of hydrocarbons of concern: volatile organic compounds (VOCs)
and polycyclic aromatic hydrocarbons (PAHs). VOCs are released in vehicle exhaust gases
either as unburned fuels or as combustion products, and are also emitted by the evaporation of
solvents and motor fuels. Benzene and 1,3-butadiene are of particular concern, as they are

known carcinogens. Other VOCs are important because of the role they
play in the photochemical formation of ozone in the atmosphere. 

Benzene is an aromatic VOC, which is a minor constituent of petrol
(about 2% by volume). The main sources of benzene in the atmosphere
are the distribution and combustion of petrol. Of these, combustion by
petrol vehicles is the single biggest source (70% of total emissions)
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whilst the refining, distribution and evaporation of petrol from vehicles accounts for approxi-
mately a further 10% of total emissions. Benzene is emitted in vehicle exhaust not only as
unburnt fuel but also as a product of the decomposition of other aromatic compounds. Benzene
is a known human carcinogen.

1,3-butadiene, like benzene, is a VOC emitted into the atmosphere
principally from fuel combustion of petrol and diesel vehicles. Unlike ben-
zene, however, it is not a constituent of the fuel but is produced by the com-
bustion of olefins. 1,3-butadiene is also an important chemical in certain
industrial processes, particularly the manufacture of synthetic rubber. It is
handled in bulk at a small number of industrial locations. Other than in the

vicinity of such locations, the dominant source of 1,3-butadiene in the atmosphere are the motor
vehicles. 1,3 Butadiene is also a known, potent, human carcinogen.

TOMPs (Toxic Organic Micropollutants) are produced by the incomplete
combustion of fuels. They comprise a complex range of chemicals some of
which, although they are emitted in very small quantities, are highly toxic
or and carcinogenic. Compounds in this category include: 
· PAHs (PolyAromatic Hydrocarbons)
· PCBs (PolyChlorinated Biphenyls)
· Dioxins
· Furans

Heavy Metals and Lead 

Particulate metals in air result from activities such as fossil fuel com-
bustion (including vehicles), metal processing industries and waste inciner-
ation. There are currently no emission standards for metals other than lead.
Lead is a cumulative poison to the central nervous system, particularly
detrimental to the mental development of children.

Lead is the most widely used non-ferrous metal and has a large number
of industrial applications. Its single largest industrial use worldwide is in the manufacture of
batteries and it is also used in paints, glazes, alloys, radiation shielding, tank lining and piping. 

As tetraethyl lead, it has been used for many years as an additive in petrol; with the increas-
ing use of unleaded petrol, however, emissions and concentrations in air have reduced steadily
in recent years.

Climatic Change

Human activities, particularly the combustion of fossil fuels, have made the blanket of green-
house gases (water vapour, carbon dioxide, methane, ozone etc.) around the earth thicker. The
resulting increase in global temperature is altering the complex web of systems that allow life
to thrive on earth such as rainfall, wind patterns, ocean currents and distribution of plant and
animal species.

Greenhouse Effect and the Carbon Cycle

Life on earth is made possible by energy from the sun, which arrives mainly in the form of vis-
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ible light. About 30 percent of the sunlight is scattered back into space by outer atmosphere and
the balance 70 percent reaches the earth's surface, which reflects it in form of infrared radiation.
The escape of slow moving infrared radiation is delayed by the green house gases. A thicker
blanket of greenhouse gases traps more infrared radiation and increase the earth's temperature
(Refer Figure 1.11).

Greenhouse gases makeup only 1 percent of the atmosphere, but they act as a blanket
around the earth, or like a glass roof of a greenhouse and keep the earth 30 degrees warmer than
it would be otherwise - without greenhouse gases, earth would be too cold to live. Human activ-
ities that are responsible for making the greenhouse layer thicker are emissions of carbon diox-
ide from the combustion of coal, oil and natural gas; by additional methane and nitrous oxide
from farming activities and changes in land use; and by several man made gases that have a
long life in the atmosphere. 
The increase in greenhouse gases is happening at an alarming rate. If greenhouse gases emis-
sions continue to grow at current rates, it is almost certain that the atmospheric levels of carbon
dioxide will increase twice or thrice from pre-industrial levels during the 21st century. 

Even a small increase in earth's temperature will be accompanied by changes in climate-
such as cloud cover, precipitation, wind patterns and duration of seasons. In an already highly
crowded and stressed earth, millions of people depend on weather patterns, such as monsoon
rains, to continue as they have in the past. Even minimum changes will be disruptive and diffi-
cult.

Carbon dioxide is responsible for 60 percent of the "enhanced greenhouse effect". Humans
are burning coal, oil and natural gas at a rate that is much faster than the rate at which these fos-
sil fuels were created. This is releasing the carbon stored in the fuels into the atmosphere and
upsetting the carbon cycle (a precise balanced system by which carbon is exchanged between

Figure 1.11 The Greenhouse Effect
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the air, the oceans and land vegetation taking place over millions of years). Currently, carbon
dioxide levels in the atmospheric are rising by over 10 percent every 20 years.   

Current Evidence of Climatic Change

Cyclones, storm, hurricanes are occurring more frequently and floods and draughts are more
intense than before. This increase in extreme weather events cannot be explained away as ran-
dom events.

This trend toward more powerful storms and hotter, longer dry periods is predicted by com-
puter models. Warmer temperatures mean greater evaporation, and a warmer atmosphere is able
to hold more moisture and hence there is more water aloft that can fall as precipitation.
Similarly, dry regions are prone to lose still more moisture if the weather is hotter and hence
this leads to more severe droughts and desertification.

Future Effects

Even the minimum predicted shifts in climate for the 21st century are likely to be significant
and disruptive.  Predictions of future climatic changes are wide-ranging. The global tempera-
ture may climb from 1.4 to 5.8 degrees C; the sea level may rise from 9 to 88 cm. Thus, increas-
es in sea level this century are expected to range from significant to catastrophic. This uncer-
tainty reflects the complexity, interrelatedness, and sensitivity of the natural systems that make
up the climate. 

Severe Storms and Flooding

The minimum warming forecast for the next 100 years is more than twice the 0.6 degree C
increase that has occurred since 1900 and that earlier increase is already having marked conse-
quences. Extreme weather events, as predicted by computer models, are striking more often and
can be expected to intensify and become still more frequent. A future of more severe storms and
floods along the world's increasingly crowded coastlines is likely. 

Food Shortages

Although regional and local effects may differ widely, a general reduction is expected in poten-
tial crop yields in most tropical and sub-tropical regions. Mid-continental areas such as the
United States' "grain belt" and vast areas of Asia are likely to become dry. Sub-Saharan Africa
where dryland agriculture relies solely on rain, the yields would decrease dramatically even
with minimum increase in temperature. Such changes could cause disruptions in food supply in
a world is already afflicted with food shortages and famines.

Dwindling Freshwater supply

Salt-water intrusion from rising sea levels will reduce the quality and quantity of freshwater
supplies. This is a major concern, since billions of people on earth already lack access to fresh-
water. Higher ocean levels already are contaminating underground water sources in many parts
of the world.

Loss of Biodiversity

Most of the world's endangered species  (some 25 per cent of mammals and 12 per cent of birds)
may become extinct over the next few decades as warmer conditions alter the forests, wetlands,



and rangelands they depend on, and human development blocks them from migrating else-
where.

Increased Diseases

Higher temperatures are expected to expand the range of some dangerous "vector-borne" dis-
eases, such as malaria, which already kills 1 million people annually, most of them children.

A World Under Stress

Ongoing environmentally damaging activities such as overgrazing, deforestation, and denuded
agricultural soils means that nature will be more vulnerable than previously to changes in cli-
mate. 

Similarly, the world's vast human population, much of it poor, is vulnerable to climate
stress. Millions live in dangerous places such as floodplains or in slums around the big cities of
the developing world. Often there is nowhere else for population to move. In the distant past,
man and his ancestors migrated in response to changes in habitat. There will be much less room
for migration in future.

Global warming almost certainly will be unfair. The industrialized countries of North
America and Western Europe, and other countries such as Japan, are responsible for the vast
amount of past and current greenhouse-gas emissions. These emissions are incurred for the high
standards of living enjoyed by the people in those countries.

Yet those to suffer most from climate change will be in the developing world. They have
fewer resources for coping with storms, with floods, with droughts, with disease outbreaks, and
with disruptions to food and water supplies. They are eager for economic development them-
selves, but may find that this already difficult process has become more difficult because of cli-
mate change. The poorer nations of the world have done almost nothing to cause global warm-
ing yet is most exposed to its effects.

Acid Rain

Acid rain is caused by release of SOX and NOX from combustion of fossil fuels, which then mix
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Figure 1.12



1. Energy Scenario

20Bureau of Energy Efficiency

with water vapour in atmosphere to form sulphuric and nitric acids respectively (Refer Figure
1.12). 
The effects of acid rain are as follows:
• Acidification of lakes, streams, and soils
• Direct and indirect effects (release of metals, For example: Aluminum which washes away

plant nutrients)
• Killing of wildlife (trees, crops, aquatic plants, and animals)
• Decay of building materials and paints, statues, and sculptures 
• Health problems (respiratory, burning- skin and eyes)

1.12 Energy Security

The basic aim of energy security for a nation is to reduce its dependency on the imported ener-
gy sources for its economic growth.

India will continue to experience an energy supply shortfall throughout the forecast period.
This gap has widened since 1985, when the country became a net importer of coal. India has
been unable to raise its oil production substantially in the 1990s. Rising oil demand of close to
10 percent per year has led to sizable oil import bills. In addition, the government subsidises
refined oil product prices, thus compounding the overall monetary loss to the government.  

Imports of oil and coal have been increasing at rates of 7% and 16% per annum respective-
ly during the period 1991-99. The dependence on energy imports is projected to increase in the
future. Estimates indicate that oil imports will meet 75% of total oil consumption requirements
and coal imports will meet 22% of total coal consumption requirements in 2006. The imports
of gas and LNG (liquefied natural gas) are likely to increase in the coming years. This energy
import dependence implies vulnerability to external price shocks and supply fluctuations, which
threaten the energy security of the country. 

Increasing dependence on oil imports means reliance on imports from the Middle East, a
region susceptible to disturbances and consequent disruptions of oil supplies. This calls for
diversification of sources of oil imports. The need to deal with oil price fluctuations also neces-
sitates measures to be taken to reduce the oil dependence of the economy, possibly through fis-
cal measures to reduce demand, and by developing alternatives to oil, such as natural gas and
renewable energy.  

Some of the strategies that can be used to meet future challenges to their energy security are
• Building stockpiles 
• Diversification of energy supply sources
• Increased capacity of fuel switching
• Demand restraint, 
• Development of renewable energy sources. 
• Energy efficiency 
• Sustainable development

Although all these options are feasible, their implementation will take time. Also, for coun-
tries like India, reliance on stockpiles would tend to be slow because of resource constraints.
Besides, the market is not sophisticated enough or the monitoring agencies experienced enough
to predict the supply situation in time to take necessary action. Insufficient storage capacity is
another cause for worry and needs to be augmented, if India has to increase its energy stock-


