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ABSTRACT	

Power	and	energy	sector	are	crucial	for	development	of	the	infra‐structure	in	any	country.	Proper	growth	in	them	facilitates	
daily	life	and	also	ensures	all	round	growth	of	economy.	The	electrical	power	is	convenient	to	use	to	satisfy	versatile	energy	
requirements.	Energy	acts	as	a	key	 factor	 in	determining	 the	pace	of	economic	activity.	Referring	 to	 Indian	 situation,	one	
notices	that	India’s	energy	sector	has	recently	witnessed	rapid	growth.	In	particular,	resource	exploration	and	their	optimum	
utilization,	 capacity	 enhancement	 and	 energy	 management	 have	 been	 virtually	 revolutionized.	 Yet	 such	 resource	
augmentation	and	growth	has	not	 yet	met	 the	 ever	 increasing	demands	which	arise	due	 to	multiplying	population,	 rapid	
urbanisation	and	progress	in	economy.	Hence,	serious	energy	shortage	continues	to	plague	India,	forcing	it	to	rely	on	import.	
In	this	context,	a	quantitative	model	taking	into	account	conventional	and	renewable	sources	of	energy	has	been	proposed,	in	
the	present	study.	The	various	sectors	of	energy	utilization	are	 incorporated	 in	the	model.	One	 important	motivation	of	the	
study	is	the	search	for	suitable	strategies	to	reduce	CO2	emissions.	The	model	suggested	is	sufficiently	general	and	flexible	and	
may	be	applied	in	the	context	of	various	possible	outcomes	and	varying	scenarios.	 	

Keywords:	Development,	energy	utilization,	renewable	sources	of	energy,	energy	sectors,	economic	progress,	CO2	emissions,	
infra‐structure.	

	

1. INTRODUCTION	

Energy	 is	 well	 recognized	 as	 critical	 for	 economic	
growth,	 social	 development	 and	 general	 welfare	 of	 a	
country.	 The	 potential	 sources	 of	 energy	 are	 usually	
divided	 into	 two	 chief	 categories	 namely;	 conventional	
and	non‐	 conventional.	The	role	of	 the	 two	 is	obviously	
differentiated	 in	 their	 environmental	 impact.	 In	 the	
specific	 Indian	 context,	 the	 energy	demand	 is	 of	 course	
growing	at	a	fast	rate	and	this	demand	has	to	be	met	by	
harnessing	different	sources.	At	the	end	of	May,	2015	the	
total	installed	capacity	in	India	had	reached	272,687	MW	
with	 the	 share	 of	 thermal	 sector	 being	 69.5	 %.	 In	
contrast,	the	share	of	hydro	power	was	15.3	%	and	that	
of	nuclear	energy	only	2.1%	[1].	The	rest	of	production	
capacity	 was	 associated	 with	 non‐conventional	 energy	
sources.	 The	 present	 installed	 capacity	 is	 not	 able	 to	
meet	the	energy	demand	of	India.	In	addition,	every	year	
there	 is	 a	 growth	 in	 the	 demand	 for	 energy	 and	 this	
increased	 demand	 has	 to	 be	met	 from	 various	 sources.	
So	far	the	conventional	energy	sources	have	enjoyed	the	
major	share	in	the	total	power	generation,	but	there	is	a	
necessity	 to	 search	 for	 alternative	 sources.	 With	
progress	 of	 time	 the	 quantity	 of	 fuel	 is	 getting	
diminished.	 To	 overcome	 the	 trend,	 suitable	
technologies	 are	 being	 developed	 to	 utilize	 low	 grade	
coal	 in	 an	 efficient	 and	 environment	 friendly	 manner.	
The	advanced	coal	based	energy	conversion	technologies	
are	 capable	 of	 burning	 low	 grade	 coal,	 with	 reduced	
emissions	of	pollutants	i.e.	SOx	and	NOx,	(responsible	for	
acid	rain)	and	CO2	(associated	with	global	warming)	[2].	
Hence	 to	 meet	 the	 growing	 energy	 demands,	 the	 non‐
conventional	 energy	 sources	 have	 to	 be	 utilized	 in	 a	
significant	 way.	 Among	 the	 non‐conventional	 energy	

sources;	 solar,	 wind,	 biomass	 and	 small	 hydro	 are	 the	
most	promising	ones.	

2. THE	POWER	SCENARIO	IN	INDIA	

The	 growth	 of	 national	 demand	 for	 electric	 power	 in	
India	is	likely	to	be	around	10	%	over	the	span	of	next	15	
years.	This	would	require	about	30,000	MW	of	capacity	
addition	 every	 year,	 over	 that	 period	 [3].	 Demand	 is	
expected	 to	 double	 by	 the	 year	 2020	with	 reference	 to	
the	 present	 installed	 capacity	 of	 about	 2,72,687	MW.	 It	
has	 been	 estimated	 that	 the	 present	 power	 shortage	
results	 in	 an	 annual	 loss	of	production	of	 about	2	%	of	
the	 national	 income.	 In	 its	 May	 2014	 report,	 India's	
Central	Electricity	Authority	had	anticipated,	 (for	2014‐
15	 fiscal	 year),	 a	 base	 load	 energy	 deficit	 and	 peaking	
shortage	of	5.4%	and	2%	respectively.	 [4].	 It	 is	obvious	
that,	 fossil	 fuels	 will	 continue	 to	 be	 major	 energy	
sources,	 and	will	 continue	 to	 play	 a	 critical	 role	 in	 the	
economy.	 India	 will	 be	 compelled	 to	 rely	 in	 large	
measure	 on	 vast	 coal	 reservoirs	 as	 a	 source	 of	 power	
generation.	 At	 the	 same	 time	 it	 will	 need	 to	 develop	
programs	 and	 policies	 that	 will	 reduce	 dependence	 on	
fossil	 fuels	 in	 order	 to	 achieve	 sustainable	 economic	
growth	 and	 environmental	 stability.	 The	 average	
electricity	consumption	per	capita	in	India	is	quite	low	as	
compared	to	developed	countries;	it	is	just	940	kWh	per	
person	 per	 year.	 This	 is	 almost	 four	 times	 lower	 than	
China	which	 is	 one	 notch	 higher	 on	 the	 list	with	 4,000	
kWh.	The	world	average	is	2,782	kWh	[5].	The	electricity	
installed	 capacity	 in	 India	 from	 different	 sources	 is	
shown	in	Table	1.	
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Table	1:	All	India	Installed	capacity	of	power	(MW)	[1]	

Fuel/Technology		 MW	 %age

Total	Thermal:	 	

																				Coal	

																				Natural	Gas	

																				Oil	

189,498	

165,236	

23,062	

1,200	

69.5

60.6	

8.5	

0.4	

Hydro	 41,632	 15.3

Nuclear	 5,780 2.1

Renewable	energy	 35,777	 13.1

Total	 272,687	 100%

	 	

3. RENEWABLE	ENERGY	SCENARIO	IN	INDIA	

Industrialization,	 urbanization,	 population	 growth,	
economic	 growth,	 improvement	 in	 per	 capita	
consumption	 of	 electricity,	 depletion	 of	 coal	 reserves,	
increasing	 import	 of	 coal,	 crude	 oil	 and	 other	 energy	
sources	and	the	rising	concern	over	climate	change	have	
put	 India	 in	 a	 critical	 position.	 It	 has	 to	 take	 a	 tough	
stance	 to	 strike	 a	 balance	 between	 economic	
development	 and	 environmental	 sustainability.	 One	 of	
the	 primary	 challenges	 for	 India	 would	 be	 to	 alter	 its	
existing	 energy	 mix	 (which	 is	 dominated	 by	 coal)	 to	
ensure	greater	share	of	cleaner	and	sustainable	sources	
of	 energy.	 India	 is	 blessed	 with	 abundance	 of	 sunlight,	
water	and	biomass.	Vigorous	efforts	during	the	past	two	
decades	 are	now	bearing	 fruit	 as	 people	 in	 all	walks	 of	
life	are	more	aware	of	the	benefits	of	renewable	energy,	
especially	 decentralized	 energy	 which	 is	 required	 in	
villages	 and	 in	 urban	 or	 semi‐urban	 centres.	 India	 has	
the	 world’s	 largest	 programme	 for	 renewable	 energy.	
India	 has	 set	 a	 target	 of	 achieving	 overall	 renewable	
energy	 installed	 capacity	 of	 41,400	 MW	 by	 2017	 and	
72,400	 MW	 by	 2022.	 To	 achieve	 this	 target,	 India	 will	
have	to	add	40,130.39	MW	of	renewable	energy	installed	
capacity.	 To	 achieve	 a	 target	 of	 72,000	MW	of	 installed	
capacity	 for	 renewable	 energy	 India	will	 have	 to	 invest	
around	US$	46.22	billion.	Almost	similar	investment	will	
be	made	in	upgrading	the	transmission	and	distribution	
(T&D)	 infrastructure	 and	 old	 renewable	 plants	 which	
will	 near	 their	 end	 of	 life.	 NOVONOUS	 estimates	 that	
India	 will	 have	 to	 invest	 US$	 83.35	 billion	 in	 the	
renewable	 energy	 sector	 till	 2022	 [6].	 According	 to	 the	
India	Renewable	 Energy	 Status	 Report	 2014	,	 the	 total	
renewable	 energy	 potential	 from	 various	 sources	 in	
India	 is	 2,49,188	 MW	 [7].	 Estimated	 potential	 and	
installed	 capacity	 of	 renewable	 energy	 sources	 in	 India	
(as	on	31	May,	2015)	is	shown	in	Table	2	[8].	

	

	

	

Table	2:	Estimated	potential	and	power	generation	from	
renewable	energy	sources	in	India	[8]	

Source/Technology Potential	
(MW)	

Installed	 capacity	
(MW)	

Wind	Power 1,02,772	 23,444

Solar	Power	(PV) 1,00000	 3,744

Small	Hydro	Power 20,000	 4,055																												

Biomass	Power 17,536	 1,410																												

Bagasse	
Cogeneration	

5,000	 3,008

Waste	to	Power 3,880	 115	

Total 249,188	 35,776

	
4. QUANTITATIVE	MODEL	

Keeping	the	energy	generation	and	its	utilization	in	view,	
we	 suggest	 (in	 the	 following)	 a	 quantitative	 model	 to	
describe	 the	 situation.	 The	 model	 may	 be	 used	 in	
analysis	 of	 trends	 and	 in	 predicting	 useful	 parameters.	
The	greatest	utility	of	the	model	is	its	role	in	helping	the	
future	 energy	 planning.	 The	 model	 defines	 the	 various	
variables	as	follows:	

Renewable	energy	required,		





N

i
RiRRR DPE

1

)( 	 	 	 	 						(1)	

Conventional	energy	required,	

))(1(
1




N

i
RiRCR DPE  	 	 	 						(2)	

Renewable	energy	actually	available,	

)(
1




N

i
iARA CPE  	 	 	 																							(3)	

Conventional	energy	actually	available,	

))(1(
1




N

i
iACA CPE  	 	 	 						(4)	

 RiR DD 																																																																											(5) 																	

where,	

	P	=	Population	of	the	country	

RD 	=	Suitable	energy	demand	per	person	

R =	 Ratio	 of	 renewable	 energy	 to	 total	 energy	
(required)	

C 	=	Actual	energy	consumption	per	capita	
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A 	=	Actual	ratio	of	renewable	energy	to	total	energy	

RiD =	Per	capita	expected	demand	of	energy	in	ith	sector	

iC 	=	Per	capita	actual	energy	consumption	in	ith	sector	

N 	=	Number	of	sectors.	

An	example	of	the	distribution	among	various	sectors	is	
given	in	Table	3.	

Table	3:	Sector	wise	share	with	actual	data	[9]	

I	 Sector	 Share	in	%

1.	 Agriculture	 17.95

2.	 Industry	 44.87

3.	 Domestic	 21.79

4.	 Transportation/traction	(Railways)	 1.81

5.	 Commercial	 8.33

6.	 Miscellaneous	 5.25

	

5. POSSIBLE	APPLICATIONS	OF	THE	MODEL	

We	apply	 the	model	 to	 the	year	2017	which	 is	 the	 final	
year	of	 the	12th	 five	 year	plan	 in	 India.	Hence	we	write	
down	 the	 various	 parameters.	 	 One	 may	 then,	 suggest	
suitable	energy	strategies,	to	meet	specific	objectives.	

The	 first	 parameter	 is	population.	 It	 is	 expected	 that	 in	
the	 year	 2017	 the	 population	 of	 India	 will	 be	 1534	
million.	

This	estimate	is	calculated	on	the	basis	of	“best	parabolic	
fit”.	 	 We	 use	 it	 to	 predict	 the	 population	 of	 India,	 as	
follows:	

cbzazP  2 																																																																		(6)	

where,	 P denotes	 the	 expected	 population	 (in	 million)	
and	 z 	 denotes	 the	 year.	 The	 regression	 equation	 for	
population	growth	is	given	by	[10].	

35364.6124.0 2  zzP 																																												(7)	

where,	 z =	Year‐1950	(1950	is	the	reference	year)	

Equation	 (7)	 has	 been	 used	 for	 the	 year	 2017.	 The	
calculation	 has	 been	 done	 using	 the	 population	
prediction	method	suggested	by	us	earlier	[10].	

The	 next	 parameter	 is	 RD (Suitable	 energy	
demand/consumption	per	person).	The	present	value	is	
940	 kWh	 [5].	 But	 the	 Government	 of	 India	 plan	 is	 to	
make	it	1000	kWh	[11].	We	adopt	the	latter	value.	

Thus,	 RD 	=	1000	kWh.	

The	third	parameter	is	 R 	(Ratio	of	renewable	energy	to	
total	 energy	 (required).	 The	 present	 value	 is	 12%.	We	
assume	 that	 this	 increases	 by	 1%	 point	 annually.	 Thus	
we	arrive	at	the	value,	

R =17%	

The	 next	 parameter	 is	 C 	 (Actual	 energy	 consumption	
per	 capita).	 The	 present	 value	 is	 940	 kWh.	 It	 is	 not	
projected	to	increase.	

The	 next	 parameter	 is	 A 	 (Actual	 ratio	 of	 renewable	
energy	 to	 total	energy).	This	 ratio	 is	already	mentioned	
earlier	i.e.12%.		

The	next	parameter	is	 RiD (Per	capita	expected	demand	

of	energy	in	ith	sector).	The	values	for	the	six	sectors	are	
given	in	Table	4.	

Table	4:	Distribution	of	demand	among	various	sectors	
[12]	

I Sector 		 RiD (kWh)	

1. Agriculture 190

2. Industry 130

3. Domestic 240

4. Transport/traction	(Railways)	 20

5. Commercial 100

6. Miscellaneous 60

	

6. AMOUNT	OF	CO2	MITIGATION	

Electrical	 energy	 is	 to	 be	 generated	 by	 consumption	 of	
fossil	 fuels	 (coal,	 natural	 gas	 and	oil)	 and	also	 by	other	
means	 (hydro,	 nuclear	 and	 renewable	 energy	 sources).	
Respective	 shares	 of	 these	 sources	 are	 denoted	 by	 i 	

where	 i =coal,	gas,	oil.	Thus	the	symbols	for	shares	are:		

Coal:	 c (present	value	is	60.6%)	

Natural	gas:	 g 	(present	value	is	8.5%)	

Oil:	 o 	(present	value	is	0.4%).	

Similarly	we	 denote	 the	 amount	 of	 CO2	 emitted	 (in	 kg)	
due	 to	 fossil	 fuel	 consumption,	 by	 the	 symbol ia ;	when	

any	 of	 the	 above	 fuels	 is	 used	 to	 generate	 1	 kWh	 of	
electrical	energy.	Thus	the	symbols	are:	

Coal:	 ca (present	value	is	0.98	kg/kWh)	[14]	

Natural	gas:	 ga 	(present	value	is	0.52	kg/kWh)	[14]	
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Oil:	 oa 	(present	value	is	0.77	kg/kWh)	[14]	

Total	 amount	 of	 CO2	 produced	 (in	 kg)	 for	 each	 kWh	 of	
generated	electrical	energy	is	therefore	given	by	

ii aA  ;	 i =coal,	natural	gas	and	oil.	

If	the	shares	of	these	fossil	fuels	(which	are	presently i )	

are	 varied	 to	 new	 values i ;	 then	 the	 amount	 of	 CO2	
emitted	will	correspondingly	change.	Thus	the	amount	of	
CO2emitted	will	become	

ii aA  	

These	ideas	may	be	expressed	in	the	form	of	percentage	
change	or	relative	change.	Suppose	a	particular	share	 i

(of	 thi source)	 is	 sought	 to	 be	 changed	and	 the	 relative	

change	is i .		

Then   iii   1 ;	 where i may	 be	 positive	 or	

negative.	This	means	that	the	relative	difference	between	

i 	 (new	 shares)	 and	 i 	 (old	 share)	 is i .	 Hence	 the	

relative	change	in	(overall)	CO2	emission	will	be	

A

AA 
	

We	may	now	 calculate	 the	 amount	 of	 CO2	 added	 to	 the	
atmosphere,	 taking	 into	 consideration	 the	 whole	
population	of	the	country.	

Total	 amount	 of	 CO2	 added	 annually	 =	 (A)×(per	 capita	
energy	 consumption	 in	 kWh)×(Population	 of	 the	
country)	

7. EXAMPLE	OF	CO2	MITIGATION	

	Example	1:	The	present	and	suggested	shares	of	fuels	are	given	in	Table	5(a)	

	

																			Table	5	(a):	Fuel	share	

S.	No.	 Fuel/Sources Present	 Share
 i 	

Suggested	Shares	  i 	 i 	 CO2	 emitted	 per	
kWh	  ia 	

1.	 Coal	 60.6%	 59.6% ‐0.0165 0.98	

2.	 Natural	gas	 8.5%	 9.4% 0.106 0.52	

3.	 Oil	 0.4	 0.5 0.25 0.77	

4.		 Renewable	
energy	sources	

13.1%	 13.1% zero zero	

5.	 Others	 17.4%	 17.4% zero zero	

Relative	decrease	in	CO2	emission=
A

AA 
	

Now	

ii aA  	

				=	(60.6×0.98)+(8.5×0.52)+(0.4×0.77)+(13.1×0)+(17.4×0)	

					=64.12	(×10‐2	kg	per	kWh)	

ii aA  	

					=	(59.6×0.98)+(9.4×0.52)+(0.5×0.77)+(13.1×0)+(17.4×0)	

					=	63.68	(×10‐2	kg	per	kWh)	

	

Relative	reduction	in	CO2	=	

%69.0
12.64

68.6312.64






A

AA
	

Example	2:		

Alternatively,	we	let	the	shares	of	energy	generation	from	
natural	 gas	 and	 oil	 remains	 unchanged.	 The	 suggestion	
now	 is	 to	 reduce	 the	 share	 of	 energy	 from	 coal	 from	
60.6%	to	59.6%;	and	increase	the	renewable	energy	share	
from	 13.1%	 to	 14.1%.	 Thus	 the	 suggested	 scheme	 of	
sharers	of	fuels	is	given	in	Table	5(b).	
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Table	5	(b):	Fuel	share	

S.	No.	 Fuel/Sources	 Present	 Share
 i 	

Suggested	 Share
 i 	

i 	 CO2	 emitted	
per	kWh	  ia 	

1.	 Coal	 	 	 60.6% 59.6% ‐0.016 0.98	

2.	 Natural	gas 8.5%	 8.5% zero 0.52	

3.	 Oil	 0.4%	 0.4% zero 0.77	

4.	 Renewable	
energy	sources	

13.1%	 14.1% 0.076 Zero	

5.	 Others	 17.4%	 17.4% zero Zero	

	

Relative	decrease	in	CO2	emission=
A

AA 
	

Now	

ii aA  	

						=	(60.6×0.98)+(8.5×0.52)+(0.4×0.77)+(13.1×0)+(17.4×0)	

						=64.12	(×10‐2	kg	per	kWh)	

ii aA  	

						=	(59.6×0.98)+(8.5×0.52)+(0.4×0.77)+(14.1×0)+(17.4×0)		

						=63.14	(×10‐2	kg	per	kWh)	

Relative	reduction	in	CO2	=	

%53.1
12.64

14.6312.64






A

AA
	

The	 second	 scheme	 is	 batter;	 because	CO2	mitigation	 is	
doubled.	It	may	be	noted	that	renewable	energy	sources	
and	other	sources	of	energy	have	the	advantage	that	CO2	
emission	from	them	is	zero.	

8. ANALYSIS	

The	amount	of	CO2	in	atmosphere	is	increasing	due	to	a	
number	of	reasons.	One	of	them	is	the	use	of	fossil	fuels	
to	 generate	 electricity	 and	 other	 forms	 of	 energy.	 Such	
use	 of	 fossil	 fuels	 leads	 to	 increase	 in	 CO2	 levels	 in	
atmosphere.	Hence	it	is	an	essential	goal	to	diminish	the	
dependence	 on	 fossil	 fuels;	 particularly	 coal.	 Two	
strategies	 have	 been	 proposed	 in	 the	 present	 study	 to	
achieve	the	goal	of	CO2	reduction.	The	first	among	them	
is	to	reduce	the	coal	share,	and	at	the	same	time	increase	
the	share	of	oil	and	gas.	This	results	in	0.69%	reduction	
in	 CO2	 emission.	 An	 alternative	 strategy	 explored	 is	 to	
decrease	the	share	of	coal	and	correspondingly	increase	
the	 share	 of	 renewable	 energy	 sources.	 This	 later				
strategy	 proves	 to	 be	 better;	 since	 the	 reduction	
expected	 in	 CO2	 emission	 is	 1.53%.	We	 are	 thus	 led	 to	
conclude	 that	 replacement	 of	 fossil	 fuels	 (particularly	
coal)	 by	 renewable	 energy	 sources	 (particularly	 solar	
energy)	 is	 a	 very	 sensible	 policy	 option.	 Hence	 all	

encouragement	 must	 be	 given	 to	 increase	 the	 use	 of	
solar	energy.	

9. CONCLUSION	
	

The	 quantitative	 model	 described	 above	 relates	 the	
quantum	 of	 energy	 with	 various	 important	 variables	
which	 describe	 the	 situation	 of	 a	 country	 viz.,	 its	
population	 and	 per	 capita	 energy	 demand.	 The	 sources	
of	 energy	 production	 are	 of	 two	 major	 types	 namely;	
renewable	and	non‐renewable.	The	nature	and	impact	of	
the	two	are	widely	different.	It	may	be	noted	that	energy	
consumption	 is	 occurring	 in	 various	 sectors.	 In	 the	
Indian	context,	we	have	enumerated	them	in	the	present	
study.	While	one	can	perhaps	do	little	about	population,	
it	 is	 possible	 to	 imagine	 planning	 strategies	which	may	
regulate	 energy	 demand.	 The	 choice	 of	 renewable	 and	
non‐renewable	sources	is	also	man	controlled;	to	a	very	
large	 extent.	 Consumption	 is	 dictated	 by	 the	 existing	
situation	of	the	country	but	suitable	healthy	intervention	
is	possible.	The	quantitative	model	proposed	here,	 links	
the	various	parameters	with	one	another.	The	advantage	
of	the	model	is	that	if	a	parameter	is	suitably	varied;	the	
effect	on	the	rest	of	the	variables	may	be	estimated.	The	
model	 thus	 has	 its	 utility	 in	 making	 energy	 planning	
realistic	and	goal	oriented.	
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