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Ed itor's Note: To call India an "emerging nation" is an insult. As
a society, India has been civilized far longer than ours . Let's call it a
"technically expanding" nation. In India's technical evolution, as with
many other nations, the power sector is faced with the twin chal­
lenges of increasing generating capacity to combat growing power
shortages, and at the same time reducing the environmental degra­
dation caused by electricity generation. This article examines the
alternatives to traditional fossil-fuel-fired or large hydropower sta­
tions .

Th e conclu sion presents two scenarios, the first being the "busi­
ness as usual" case where traditional coal-fired generation remains
the mainstay of the Indian power sector; the other being an inte­
grated resource planning (lRP) scenario. The installed capacity
required and the consequent emissions of acid and greenhouse gases
are compared between the two scenarios for different years.

INTRODUCTION

It has often been not ed that one of the critical elements in
raising the st andard of living of a country's population is the provi­
sion of affordable and reliable ene rgy services . The situation in India
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is no exception . Reliable elect ric power, available to the most remote
community at prices that even the poorest can afford, has been a
strategic objective of the Indian power sector for many years . To meet
this goal, the power sector has had to compete for physical and finan­
cial resources with other sectors of the economy and with other social
policy objectives of the central and state governments .

India 's electric power sector can be characterized as one caught
between environme ntal challenges and the country's difficult eco­
nomic, social, and politic al realities . On the one hand, Indian electric
util it ies are being pr essured to: (i) pursue generation technologies
wh ich are as environmentally benign as possible; (ii) ens ure that
cus to mers are using elect ricity efficiently; and (iii) retrofit exist ing
gene ra t ion capac ity with equi pme nt to eithe r rem ove or reduce
harmful emiss ions. On the othe r hand, the Indian electr icity sector's
ab ility to accompli sh the above object ives is constrained by their poor
fin ancial state and inabil ity of th eir customers to pay for power con­
sume d and the mix of cent ra l and state guidelines for the power
secto r .

The last decad e has see n the increasing as cendance of concern
over the environmental imp acts of electr ic power developm ent. Strat­
egies to reduce greenho use gas emiss ions (ca r bon di oxid e a n d
methan e) and regional emissions of acid gases (sulfur dioxid e and
nitrogen oxides) have become a critical comp onent of the power plan­
ning process . Consequently, developing a framework to examin e
electric power development and emiss ion levels under alternat ive
ene rgy and economic assumptions for India is an important ste p in
providing decision makers with the inform ation they need to make
decisions.

Population pr essures, accelera ting economic development, and
result ing ene rgy and electricity dem and gr owth, are placing increa s­
ing pressures on th e ene rgy infras t ructure in India . Economic and
efficie ncy arguments for cost-based pricing of ene rgy services a nd
increased foreign investment in ene rgy sector developm ent and re­
covery , mu st be we ighe d agains t cultura l trad iti ons, socia l objec tives ,
and eq uity considerat ions. Lurking behind all of this is the realiza­
ti on th at "bus iness as usual" (BAD) pr actices are environme nta lly
un acceptabl e and unsu stainabl e in the Indian context .

In orde r to mitigate some of the above conce rn s, a study was
conducted jointly by the Ta ta En er gy Research Institute (TERn, New
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Delhi, India, and the Canadian Energy Research Institute (CERD,
Calgary, Alberta, Canada to evaluate various options available to the
Indian power sector, and suggest a suitable growth strategy incorpo­
rating both environmental and development considerations. This
article presents the key findings of the study.

ALTERNATIVE OPTIONS FOR
MEETING INDIA'S ELECTRICITY DEMAND

The important alternative planning options available to the In­
dian power sector to meet future electricity demand are:

1. Decentralized energy production systems
2. Demand side management
3. Industrial cogeneration
4. Increased efficiency in thermal power stations through clean coal

technol ogies
5. Reduction in tran smission and distribution losses

Decentralized Electricity Generation System
Decentraliz ed electricity generation system offer several advan­

tages in application wher e flexibility in system size and location are
desired . Considerable improvements in reliability, costs, and efficien­
cies of these technologies, together with the rising costs of large-scale
electr icity generation and favorable public policy , have resulted in
active consideration of dispersed electricity gen eration options .

Th e biogas program has traditionally been the single largest
renewable energy program, accounting for over half of the funds allo­
cated. All other individual programs have received less than 10
perc ent of the funds. In terms of numbers, however, the dissemina­
tion of improved cook stoves has been the largest program followed
by the bioga s program. Biogas plants and improved cook stoves have
enjoyed a fair a mount of success and acceptability among rural
hou seh olds. However, there is scope for cons iderable improvement in
the impl em entation of these programs.

Among othe r technologies , wind farms have eme rged as a viable
option in the power sector. 823.62 MW of grid connect ed wind farms
were oper ational in end of Decemb er , 1996 (1).
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Estimates by the Mini stry of Non-conv entional En ergy Sources
(MNES) plac e the ultimate wind energy potential in India at 30 ,000
MW.

Small hydro-electric power has evolved as anothe r promisin g
option for elect r icity generation , especially in remote hill y areas
where the cost of grid electricity is pr ohibitive. Tot al pot ential for
small hydro in India is estimated at about 10,000 MW. The main
obstacle in the promot ion of this technology is the high capital cost .

Demand Side Management (DSM) Strategies
Electricity savings potential in various sect ors should be esti­

mated based on real istic participation rates as a result of favorabl e
economics of the energy efficient technologies , discount rates as­
sumed by the consumer s, availability of en ergy efficient technologies,
amongst othe rs. Sa vings potential is likely to be sens itive to market
penetration rates. For instanc e, sa vings would increase from 14 per­
cent to 18 percent in 20 11112, if the number of pumpset s retrofitted
every year is increased from one percent to tw o percent of the total
pumpset s in use. In th e comm erc ial sector, an increa se in the market
penetration rate for the compact fluor escent lamp (CFL) lighting op­
ti on from 5 percent to 7.5 percent in 2001102 onwards, would result
in an increase in savings from 10 percent to 11 percent in 2011/12.

It is es tima te d that the Indian power sector can save up to 8
perc ent of the total electr icity requirements by the year 2011 /12 ,
through ad option of energy efficiency and DSM optio ns (2). Maxi­
mum ben efits are esti mated to come from agriculture, resid ential,
and comm erci al sectors . Tabl e 1 lists the energy conservation poten ­
t ial in different sectors in India .

There is little doubt that India's elect ric power sector could gain
from the impl em entation of en ergy efficiency and DSM progr am s.
Technical potential and cost-effectiveness of va rious mea sures for
improving end-use efficiency are well established . However, the ac­
tual efficiency gains rem ain far from bein g realized, du e to a va riety
of technical, policy, institutional , and information related barriers.
Some of the important barriers include high initi al cost of energy­
effic ie n t equ ip me n t , l imited availab ility of ene rgy-efficie n t
technologies , risk ave rs ion by consumers, and lack of inform ation
and awareness among consumers.

On the policy front, perhaps the most imp ortant barrier is the
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Table 1: Energy Conservation Potential in India

Sectors

Econom y wide potential
Agriculture
Industry
Transport
Domestic and Commercial
Industries

• Textiles
• Paper and pulp
• Ferrous foundry
• Glass
• Fertilizers
• Cem ent
• Chlor-alkali
• Aluminum
• Iron and Steel

Potential (%)

'" 20
'" 30
'" 25
'" 20
'" 20

20-25
20-25
15-20
15-20
10-15
10-15
10-15
8-15
8-15

SOU RCE: Energy Man agement Center, Ministry of Power , Govern ment of Ind ia

present elect r icity pricing policy of the State Electricity Boards
(SEB). Electricity pric es are regulated and based on hi storical cost of
the utility. For most of the utilities, aver age revenue realized per
unit is actually less than the average cost of supply as can be seen
from Table 2 (3). Th e extent of subsidies is particularly high for the
agr iculture sector at 80-100 percent, with subsidies for the domestic
sector ranging between 40 and 60 percent. Such a pricing policy does
not provide the consumers with the right signals and does not induce
consumers to conserve electricity. Also, lack of utility commitment to
DSM and to an integrated approach to power planning, is responsible
for the slow progress in energy efficiency and DSM in India.

Industrial Cogeneration
The industrial sector presently accounts for almost 52 percent of

the total electricity consumption in India (4). Several energy-inten­
sive industry categories such as sugar, paper, t extile, and fertilizer
generate their steam requirements internally and also purchase elec -
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Table 2: Average cost of supply and average tariff for electric
utilities in India (1995·96)

Average cost Average Average cost Average
of supply tar iff of supply tariff

Sta te PhaseJkWh c/k \Vh

Andhra Prad esh 151.10 126.43 4.32 3.61
Assam 308.10 234 .09 8.80 6.69
Bihar 201.10 146.92 5.75 4.20
Delhi 210 .30 174 .96 6.01 5.00
Guj arat 182.20 141.50 5.21 4.04
Haryana 166 .20 111.05 4.75 3.17
Him achal Pradesh 107 .10 114 .58 3.06 3.27
J ammu & Ka shmir 204 .10 32 .88 5.83 0.94
Karnataka 145.90 142.48 4.17 4.07
Keral a 116 .70 98.46 3.33 2.81
Madhya Prad esh 168 .70 136.47 4.82 3.90
Maharashtra 183 .50 172.04 5.24 4.92
Meghalaya 165.10 109.30 4.72 3.12
Orissa 127.90 131.79 3.65 3.77
Punjab 177.00 109 .03 5.06 3.12
Raj asthan 188.90 147.53 5.40 4.22
Tam il Nadu 178.00 146 .33 5.09 4.18
Uttar Prad esh 177 .60 130 .64 5.07 3.73
West Ben gal 187 .90 154.88 5.37 4.43
All Indi a 170.11 140.72 4.86 4.02

SOURCE: Annua l Report on the Working of State Electricity Boards & Elec tr icity
Department s. Planning Commissi on, Govern ment of Indi a

tricity from the grid . Cogene ration of elect r icity and steam offers
increased sys te m and fuel efficiency to the industry. It reduces indus­
try dem and for utility power and the additional surplus , if any , could
be sold to utilities. Cogen eration thus provides an alte rnative to util­
ity power and reduces the overall emissions from the power secto r .

Wh ile cogeneration sys tems are in us e in some of the paper,
pulp, an d fertilizer indus t ries in India, there are little efforts to opti­
miz e the steam and electricity requirem en ts for var ious reasons .
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These include company investment criteria, unavailability of equip­
ment, concerns about incremental costs, and above all movement
regulations.

Significant cogen eration potential has been identified in the In ­
dian industrial sector . The National Product ivity Council, New Delhi,
carried out a ma cro study in 1979 on the fea sibility of cogeneration in
Indian industries and estima ted a potential of 421 MW in 28 of the
150 industrial units surveyed. It also estimated that over 1500 MW
of additi onal power could be generated with margin al investments in
cogene ration sys te ms .

A study carried out by the Inter-ministerial Working Group ,
Government of India , in 1983 estima te d that the economic potential
for cogeneration in the major industries in India is about 1500 MW.
More recently, a study carried out the Tata En ergy Research In sti­
tute, New Delhi, in 1993 based on a detail ed survey of 300 industrial
units , estimated a total cogeneration potential of 7574 MW (Table 3),
of which the sugar ind ustry alone was estimate d to account for over
65 percen t of the total identified poten tial. Substant ial potent ial also
exists in the textile an d pap er industry.

Table 3: Co generation P otent ial in In dia (MW)

Year
R egion 200 1 2006 2011 20 16 2021

Northe rn Region 4026 5910 8472 12153 17443
Western Region 3275 4756 6766 9642 13759
Southern Region 5301 7755 11093 15883 22763
Eastern Region 1698 2501 3593 5164 7425
North-Eastern Region 50 75 109 159 230
Total 14350 20997 30033 43000 61621

SOU RCE: Tata Energy Research Insti tu te, New Delh i, 1993

Clean Coal Technologies
Clean coal technologies (CCT) offer the poten tial for significant

reduction in environmental emissio ns when used for power gene ra ­
tion. Th ese technologies may be used in new, as well as existing
plan ts an d are therefore an effective way of reducing emiss ions in the
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world's aging inventory of coal-fired generating units. Several of
these systems are not only very effective in reducing S02 and NOx
emissions but, because of their higher efficiencies, they also emit
lower amounts of CO2 per unit of power. eeTs can be used to reduce
dependence on foreign oil and to make use of a wide variety of avail­
abl e coal types and quality (5).

In India, coal constitutes about two-thirds of total commercial
energy consumption. The power sector and industries together ac­
count for 94 percent of total coal consumption . Indian coal is
characterized by high ash content and low sulfur content. Over 60
perc ent of the Indian coal reserves are of inferior quality with gross
cal orific value (Ge V) of 4000 kcallkg or less. The efficiency of coal
conversion in Indian thermal power stations is low; relative to the
design gross efficiency of 36 percent, the average gross conversion
efficiency is about 28 percent and the average net efficiency is only
25 percent. About 75 percent of the country's thermal capacity oper­
ates at efficiencies below 30 percent.

The en vironmental consequences of increased coal use are rec­
ognized today by India's energy and en viron men t a l planning
agencies and there is a growing realization that coal-related env iron­
mental problem s mu st be controlled in the future through use of
eeTs in the various consuming secto rs.

Transmission and Distribution (T&D) Loss Reduction
High T&D loss is an issu e of major concern for the elect r ic

utilities in India. Losses increased from about 15 percent in 1966/67
to 21.74 perc ent in 1986/87, and have since increased to about 23
percent. Of the total 23 percent T&D losses, four percent corresponds
to losses in the transmission (400 kV, 220 kV, 132 kV and 66 kV )
system and the remaining 19 percent to losses in the distribution (33
kV, 11 kV and 400 V) system .

The impact of the excess ive T&D losses in the Indian power
system is two-fold. Firstly, they result in under-utilization of the
total energy that is being gene rated, which is unpardonable consid er­
in g the energy shortages that the country is currently facing.
Secondly, the en ergy wasted du e to T&D losses must be compensated
by constructing new generating stations (in all probability fossil fuel
based thermal), which means additional environme ntal degradation
due to emission of gr eenhouse gases and other associated problem s.
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Perhaps the single most important factor responsible for high
T&D losses is the lack of adequate investment by the electric utilities
in the T&D systems. In the past, the investments in generation have
gained priority over investments in T&D. Investments in T&D in the
various Five Year Plans in the past have been only 40-50 percent of
the total investments in generation. Technical factors responsible for
the large T&D losses include:

i) lack of systematic distribution system planning which invariably
results in overloading of the system;

ii) existence of many stages of transformation, viz. 132/33 kV, 66/33
kV, 33/11 kV, 11/0.4 kV;

iii) adoption of inappropriate distribution technology, viz . low voltage
distribution system (LVDS) which is suitable for countries with
high load densities and not for a large country like India with
loads sparsely spread over wide areas;

iv) inadequate reactive compensation; and

v) poor quality of electricity meters and lack of adequate calibration
facilities.

Another factor responsible for high distribution losses is non­
technical losses occurring on account of defective metering,
unmetered power supply, pilferage, etc. Reduction of T&D losses is
today a priority area for the SEBs. It is expected that the losses
should be reduced by one percent point every year and gradually
brought down to 15 percent.

METHODOLOGY FOR EVALUATION OF OPTIONS

The alternative planning options outlined above were evaluated
using the ELITE (Electric Inter-Regional Transfer and Emissions)
model specially developed for the study by the Alberta Research
Council, Canada and CERI. ELITE is a linear programming, optimiz­
ing, long term electric power planning model for India.



70 Cogeneration and Competitive Power[ournal Vol. 13, No. 2

Important qu estions addressed in evaluating the alternative
planning options for India include:

1. The implications of various financial and resourc e utilization con­
straints on power sector development.

2. The effect of new capacity additions required to meet forecast elec­
tricity demand in Ind ia on the gro wth in emi ssion of particulate
matter, CO2, 502' and NOx'

3. The extent of resourc es required to fully meet projected electricity
demand.

4. The impact of D5M, CCTs, cogen eration and reduced T&D losses
on bridging the gap between power demand and supply in India,
and reducing env ironmental emissions .

5. Cost implications of electricity supply under various scenarios .

COMPARISON OF SCENARIOS

Each alternative opt ion for meeting India's electricity demand
gave r ise to a planning scenario. In addition, an integrated resource
planning (l RP) scenario was generated which utilized all the alterna­
ti ve planning options. It was observed that there is a significant
reduction in the envi ronmental emiss ions, as compared to the bu si­
ness-as-usual (BAD) scenario, if any of the alternative options a re
followed .

As expected , the most significant reductions in the em issions
and installed capacity required occur in the case of the IRP scenario.
Tables 4, 5, and 6 list the expecte d emissions and the installed capac­
ity required for various scenarios for the years 2001 , 2006, and 2011
resp ectively.
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This article has clearly highlighted the fact that the IRP option
not only reduces the requirements of total installed capacity to meet
forec ast demand but al so that environmental emissions are consider­
ably reduced in comparison to the other alternatives . Even though
integrated resource planning is the most suitable alt ernative for the
Indian power sector, pursuing this option will require cons iderable
change in the structure, operation, regulation, and deci sion making
practices currently governing electric power development in India .

Many of the SEBs in India are reforming and restructuring, and
some of the changes required to pursue the IRP option have started
coming about. But unless the pace of reforms is quickened, India may
be heading to a future of growing power short ages and declining
elect r icity system reliability.
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