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Abstract: Energy and environment have always been closely relatedne another.In the past few decades, the implicatioofthis
close association have become more noticeahtegthe sustainable developmenf regions across the worli being adversely affected.
To consider the specific instancef India, the total power installed capacitin the countryis presently about 2, 58,700IW. India has
largely reliedon fossil fuels namely coal, naturajasand oil which are depletingt a rapid rate.lt maybe noted that 69%of powerin
India is presently being generatey thermal power plants with adverse effeaa environment dueto addition of CO,. The extentof
CO, presencen atmospheren the contexiof grid electricityis determinedby the fuel mix usedn power generation. The negative impact
of increasingCQ; levelsmay be avoidedto some extent through the usef renewable energy sources, especially via decentralised power
systemsln any case, energy demairglgoingto rise with increasing population and one must search for new resourbieshis study,an
attempt has been made estimate the effectsf power generatiorin India on CO, contentof the atmosphee. One usually assumes that
the maximum safe levedf CO, concentraion in the atmospherés 350 ppm. This level mape maintainedin the year 205y adoption
of four-fold strategy (i) the usef carbon-freeor low-carbon energy sources (igmphasison forestation (iii) stabilizationof population
growth and () useof energy efficient equipmeniVe investigate the first strategy.
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1. Introduction

powerdemandandthe optimumCQO, level 350 ppmcanbe
maintained by using renewableenergy sourcesor less

Human beings are the main agaritchangein E a r t h * goollutingenergysourceg4].

atmospheric composition and their activities affects the

directionof future climate changé& heinevitableincrease
in global population and the need of economic
development obvioudy demand greater energy
expenditure;with serious implications for environment
Experience shows that there is a strong association
betweeneconomicdevelopmentand energy consumption.
In the specificinstanceof Indian power sector numerous

challenges will emerge over the next few decades.

Currently one third of I n d ipaputlationdoes not have
accessto electricity [1]. The presentenergy supply and
demandshows wide disparity and imbalanceat national
level. The presentinstalled capacityin India is around?2,
58,700MW [2]. In spiteof this, thereis a daily outageof
more than 30,000MW of power [3]. Urgent action is
therefore neededto overcome the problem of energy
poverty. At the same time rapid economic growth is
projectedto increaseelectricity demanditself by five-fold
to six-fold in the 2050. I n d i per capita annual
consumpbn is around 1000 kWh, which is lower
comparedto many countries.In comparisonChina hasa
per capitaconsumptiorof 4,000kWh, with the developed
countries averaging around 15,000 kWh of per capita
consumptior3]. Nowadaysgenergyplanningdemandsot
only an adequateenergy supply, but greater sensitivity
towardsenvironmentapollution. It is essentiathat future
energysupplyresourceshouldeitherbe more efficient or
leastbasedhydrocarbonsilt is possibleto studythis effect
from the point of view of CO, mitigation strategieslin the
presentstudy, an attempt has been madeto predict the

2. I n d iEaelgy Scenario

In orderto meet the ever increasing power requirements,
huge amounof power needo be generated. According

Indian Ministryof Power data, the peak power shortage
India is around 10% [2]. However, per capita energy
consumptionin India is 1000 kWh per year[3]. The

demandof electricity has been increasing continually due
to increasing population, urbanization and usé
technologyto access comfortable life. The present scenario

indicates that n d i a * s future energy requirements are ¢

to be extremely high. The loss due transmission and
distribution along with the problewf power theftin rural

and urban areas are the aredismajor concernof the

present power system. Keeping view the aforesaid
concerns,an intelligent and reliable power systeis

urgently required which can prevent the power theft
problem and transmit the powat maximum effectively
and efficiently. The electricity installed capacity India
from different sourceis shownin Figurel.

Same of the basicfeaturesof the currentpowerproduction
statusn India[2]:

e I n d icarrert installedcapacity (As on 31 January,
2015: 2,58,700 MW, from all sources.

e Power generatiois mainly basean thermal and hydro,
with about12% from renewable energy.

¢ In 2014 peak power shortage was 0u1€x%.
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o Electricity demands expectedto rise by 7.4% a year 50°
during the next quarteof a century. This will see N(2051) = 1028+ 50(16.4)+ — (- 0.17)
generation capacity increase five-foid India is to
supply this growing demand. =1636 million

When population grows faster than GNP, the standéard
living of the people does not improvén fact rapid
population growth has been obstructing economic growth
in developing countries like India where sind®51
population has been growirag a relatively high rateln
Tablelwe present the actual population growthndia.

Matural Muclear
Renewalb gas 79 _Oil1%

le energy Qe
source

12%

Table 1: T n d actualpopulation [5]

Year| Population(million)

1951 361

1961 439

1971 548

1981 683
Figure 1: Electricity installedcapacityin India by source 1991 864

2001 1028
3. Prediction of Population, Energy-f 2011 1210

Population  Growth on

population  size, energy

achnology. Populatiors an

rate of growth and then predict ent, yeit is a major source

middle of the century 9 i g ion also whinexceeds the
following. imi tems. Unless the relationship
Parabdic fit i asing poulation and the life support

development programs,
not Iikel'gp yield desired

mental degradatiois the resultof dynamic inter-
play of socio-economic, institutional and technological

Tablel. activities. Environmental change méag driven by many
, N(ZOOj)_ N(]_gg]) factors including economic growth, population growth,
N (Zo)= urbanization, expansionf agriculture, rising energy use
10 and transportatiorin 20501 n d papulationis projected
~1028-684 to be 1636 million, as calculated aboveThis dramaic
- 10 changewill coincide with developmentin all fields. A
-16.4 rapidincreaginl n d papulasionandsimultaneouslyhe
o . misuseof moderntechnologyhas createdenvironmental
Similarly, N (199]) =181 criseswhich hasthreatenedhe future of humanbeings.
. N (2003 - N (199
Further N'(z,) = ( ])10 (1999 5. Environmental Challenge
~164-181 Environment constitutes a huge international challenge.
- 10 Population growth and economic development are

contributing too many serious environmental probléms
India. These include pressusa land, deforestation, water
scarcity and air & water pollution. Ord the major causes
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of environmental degradatian India couldbe attributed
to rapid growthof population, whichs adversely affecting
the natural resources and environment.

6. Specific Environmental Issues

Recenly human impacton the atmosphere has been
ermormous, with anthropogenic emissions a prime cafise
environmental problems. Emission®f almost all
greenhouse gases continte rise. Major environmental
issues are forest and agricultural degradatidnland,
resource depletion (water, mineral, forest, sand, rocks
etc.), environmental degradatiprpublic health, lossof
biodiversity, loss of resiliencein ecosystems, livelihood
security for thepoor. The major sourcesf pollution in
India include rampant burningf fuel-wood and biomass
suchasdried waste from livestocksthe primary sourcef
energy, lackof organizd garbage and waste removal
services, laclof sewage treatment operations, latklood
control and monsoon water drainage system,-eiversion
consumer waste into rivers, cremation pé t|ces ne r 1

rivers, government mandategrote tlon
polluting outdated public trapSport
operationby Indian governmeriof go

high emission plants. Air pgtlu

tII’IU

needof human beings. Hum
food which are obtained’fr
other creatureshuman beings
fulflment of basic needs.
facilities to make their life com
living standard. People condutt
development activities for variou
improvement in their quality of life.
developmental activities the environmental aspectsas
land, forest, water and modern technology are used.
Development works incompleteif the environmenis not
preserved and conserved. The developmactvities
should be conducts for the welfaref human beings
without harmingor deteriorating the environment. Natural
resources availablen the environment are used for the
development. Activities aimedat growth cannotbe
conductedn isolation withoutregardto depleting natural
resources. Therefore, developmendt the nationis not
possible without attentioto environment. Hence, therg
close interrelationship among population, environment and
development. Figure 2 indicates this versatile relatignshi
These all are modifyby using the natural resources
accordingto the wishof people. The environment provides
the raw materials requireb run the industries. Various
aspectsof development are associated with agriculture,
industry, health, transportation, security  and

s

improve

| #ﬁ” ).!ﬁ

communication. Development programmes sholld
formulated with the ainof conserving animal and plant
diversity. Hence, healthy environment and development
are both essentiab human beings for growthf human
civilization and happy and prosperous life.

Environment

Natural, Artificial,
Economic, Social
and Cultural

Development Activities

Development
@ terrelationship among population,
enviromment and development

Demand

Popu]atl on -

-f’

owwve assume that the electric power
eration willbe.directly proportionako the population.
from countfio country. Whilein India

per ita energy consumptitn be
late energy generation assuming
nsfimption menomevdt par with
2@50.Chinais also a developing
d its/populationis large andin this
h?es India. Thereforig,is not unrealistido
fC inato India. Accordinglywe predict
dem d for both these norifis.reach the
XVh (in the year 2050); the energy demand
|ch|s presentlyl000kWh) should growat the
ARATS rate)f4%

9. Amount of CO, Generated

Electrical energyis to be generatedby consumptionof
fossil fuels (coal, natural gas and oil) and afsoother
means (hydro, nuclear and renewable energy sources).

Share of these sourceis denotedby 77, where i =coal,
gas, oil. Thus the symbols for shares are:

Coal: 7., (present valués 59%)

Natural gas7), (present valués 9%)

Oil: n7, (present valués 1%).

Similarly we denote the amoutf CO, emitted (inkg) due
to fossil fuel consumptiorhy the symbo#g, ; when anyof
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the above fuelds usedto generate 1 kWtof electrical A-A _[(59x0.98)+(9x052)+(1x 0.77)] - [(54x 0.98)+ (13 0.52) + (2x 0.77)]
energy. Thuthe symbts are: A [(59x 0.98)+ (9% 0.52) + (1x 0.77)]
=3.24%

Coal: a, (present valués 0.98 kg/kwh) 10| ] ] .
Then CO, emitted will reduce fronR2062 million ton to

Natural gas:a, (present values 0.52 kg/kwh) 10| 1995million ton (as per India norms).
Oil: &, (present valués 0.77 kg/kWh) L0 CO, emitted will reduce fronB8246 million ton to 7979

) million ton (as per China norms).
Total amountof CO, produced (inkg) for eachkWh of

generated electrical energytherefore giverby 11.Prediction of Electric Power Generation

A=21,&; i =coal, natural gas and oil. As we know thatat present energy consumptiim India
per capitais 1000 kWh. Consideringplant load factor

If the sharesf these fossil fuels (which are present)y (PLF) i.e. 65.097] and transmission & distributed losses
(TDL) i.e. 23%[8].

are variedto new valuesjiv; then the amounbf CO,

emitted will corresponding change. Thuse amountof Let actual power generation capacity = P

CO,emitted will become Plant load factor =65.09
ission & distribution losses23%

A = Z77i'a~i

changeor relative change.

12. Envirenomental

(of 1" source)is soughtt
changesa; .

ountry

Carbon dioxide is not normally considereda pollutant
— == Decausaét is a hormal constituentof air. However,excess
Thensy' = (1+a )77 . '\7‘e"""U'I—"0f carbondioxideis consideredh pollutantbecausét leads
[ i i [ to adverseeffectson the environmentasa resultof green
negative. This means [that the relativesdi N houseeffect. Greenhouseeffectis a naturalphenomenon
77i‘ (new share) andrj, are)is o, e Lo .keepAt\he egrth warm, w_hich wiril affect all the living
. . A - eings.Accordingto an estlmate,t e averageempersure
relative changén (overalf) Gl@remmigsion willog of the earthhasincreasedy 1° C in thelast50 years.It is
, (_r) jpredlctedthat if the globaltemperatureisesby 3.6° C, the
polar ice caps and glaciers would melt. This would
increasethe water level of oceansby about20 cm and
henceleadto the flooding of low-lying coastalareasof the
We now calculate the amoynf @ o the earth[9)].
atmosphere, taking into cogsifle the
populationof the country. /{Z! - 1e s 7
Total amountof CO, added annually , )
energy consumptioim kWh) x (Populatiorof * We havecalculatedthe CO, emissiong(in million) dueto
power generationfrom thermal power plants. The net
10. Example of CO, Reduction increasein the amountof CO, emissionsup to year 2050
would bel995 million ton as pe 1 n d i enérgy
consumptionnorm and 7979 million ton asperCh i n a

The present and suggested shasEduels are givenin

Table 2 energyconsumptiomorm
Table 2: Fuel share 14.Conclusion

S PresenShare Suggeste&hare _ _
No Fuel (77) 77.' Presently coal is the preferred conventional fuel for

i : : electricity generationin India but it is also a depleting
1 Coal 59% 54% source of power. Its use has negatve impact on
2 Natural 9% 13% environment its useis a severethreatfor posterity. As a
3 %aills 1% 2% potential alternative, the development, promotion and

commercializationof renewableenergy sourceswill be
essentialfor sustainableand ecafriendly economicand
socialdevelopmentwhich mayalsofulfil energydemand.
One must aim at a turn aroundto CO, level below 350
ppmin this century Otherwisewe risk triggering tipping
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points and irreversible impact that could send climate Appendix-|
changespinningtruly beyondhumancontrol.
Note 1: As per India energy consumption per capita per

The presentgeneratiorhasa duty of solidarity towardsthe yearis 1000 kWh. Considering PLF 65.09 and TI3%,
next generations. We have to accept our prime we get actual power generatién
responsibilityin the currentsituation.We haveno right to
leave our children to suffer from the results of our 1000
mistakes.If we don't take immediateaction, we will be =—— _{005LkWh
guilty of inactionwhile humanityis in danger. 0.6509x0.77
15. Suggestions Since, 1mkWh=0.11MW
In orderto reduceCO, emissionmationwidethe following Therefore, actual power generation per capita (P)
measureshouldbetaken: 0. 114
=1995x 27 =107 Mw

i. The most effective wato reduceCO, emissionds 10°

. toreduce fossil fuels consumption. _ Total actual power generati¢R) =2.27x10'xpoputation

ii. Carbonfree or low-carbon sourcesf energy i.e. =2 27x10'x1636x16

renewable energy sources (solar, wind, geothermal _3 72,120MW

small  hydropower biomass
hydrokinetics (e.g., wave and
nuclear power shoulde used.
iii. Tree plantation shoulde layrichedgt

' Nofe2:.let, as per China energy consumption per capita
fs Eer yearis 2000 kWh. Considering PLF 65.09% and TDL
3

W%

gram panchayat (loc
farmers and villager
iv. Control of popufation
emphasized.

gro

produchg and engrgy consyming dewces

vi. Less polluting fuel suctas al gas/LPG an*

011—1

=9.10x107 MW

(P) = 9.10%gpopulation
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