198 |, .

Working
Paper

WP198
O 0 0
WP

TTM
Wi-198

X X XVE
AHMEDARAD

INDIAN INSTITUTE OF MANAGEMENT
AHMEDABAD



EXERGY CORZUMPTION In IRDIA

Racent Trends and the Prablem
of Oemand Forscasting

by

Shishir K, flukhsrjee
Radha Jagannathan

W P No, 198
Fab.1978

:The main ob jectivs of the working papar gsries
of the 1IMA is to help faculty nambers
to test out their research findings
at _the pre-publicatiun staye




ENERGY CONSUMSTION IN INDIL
Recent Trends »nd the Prcblen of Deaand Forecasting

1,_INTRODUCTION

Inergy sector in India has beon receiving increacing
attontion oven before the energy crisis of late 1973 orecipitated
due to the increasc in the price of oil. This was nainly due to
the increcasing trend in the invort rogulrenents for the oll sectar
and the growing consunption of non-conventional cnergy scurces,'
specially in the rural areas; which has wide ecological consequencos
for the country, The first systematic study of the energy ro-
sources, deiend, investriont and pricing for India was carried out
by the Inergy Survey Comuittee of India appointed by the Governnont
in Jamuiery 1963 and the recomrendations of the Corudttee were
subnitted in 1965.% |

The cnergy study coverced present 7nd perspective denand
and'supply of energy, both total, and in respect of difforent
forns of cnergy on a national, rogional and scctoral basis. This
study ;ooked into thc consunption tronds for both conventional
encrgy sources such as coal, oll and elcctriéity and non-convon-
tional sources including fircwood, animal and vegetable wastes,
and projected future‘consumption trends until 1960-81, Tho study

also included a thorough enalysis of the availablc onergy resourcos

of India and nade rccommondations regarding the judicious developrient
of indigoncous resourccs for ncceting future cnorgy denands. The
aveilebility of roliablc energy consunmption and price data were main
bottlonccks that the comittee have faced in carrying out dotailoed
studics and using analytical nodels for energy denand forecasting,
However, the committec mnade roascnable assunptions rogarding cconomic
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growth rates and designed a sulteble framework for considefing
different forms of energy on an equivalent basis by defining the
coal replacément measure; The study also developed norms for
domestic energy consumption both in the urban and rural arcas
based on sample survejs conducted by various organizations. The
work of the Committee laid a good foundation far future cnergy
studies in Indiea. o

During the sixties, thc 0il sector in India has grown
at a very rapid rate at the cost of stagnation in thé coal sector.
In retrospect, this is hard to explain, in spito of the decrcasing
price of oll during the sixties, becausc India is endoﬁod with a
large amount of coal resouwrces, whereas the known petroleum
reserves of this.country are quite limitcd even after the rccont
discovery of various offshorc fields, Due to the rapidly growing
import requirements from the oil sector and apprehension in the
eerly seventies thot the price of petrolcum might rise in the near
future, it was considercd necessary to have a thorough look at the
Fuel Policy in India and thc Government appointed the Fucl Policy
Committee in October 1970 with similar terms of reference as the
Enorgy Survey of India Commiticc earlisr.  The Fuel Policy Committoe
submitted its interim roport2 in May 1972 dealing with the Fifth
Five Year Plan period and submitted its finel report® in dugust 1974.
The general‘rOCOmmendations of the Mucl Policy Committuc hns been
accepted by the Government and the broad outline on national cnergy
policy has been approved.

The natisnal cnorgy policy considers coal as thes principal
source of encrgy in tho country, and accordingly recommends its
oxploitation and utilization to o maximum amount for meceting the
cnergy demand in Indla. In case of Oil, the policy is to substitute
oil whercver technically and economically feasible by other forms
of cnergy to reduce tho quentity of import and to maxdimi se indigoneous
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‘production, Thc clectricity production should be brnscd on the use

of hydro power, cogl and nuclcar cnergy, and the growth of electricity
production should bc adecquatc to meet future nccds including additional
demand arising from thc usc of clcetricity in placc of oil. The national
cnergy policy also gives high priority to meoting rural encrgy nceds

and recommends a rapid incrcasc in the use of biogas, setting up of a
socinl forestry progroamc and developiacnt of non-conventionsl cenorgy
sourcc, like solrr, wind, tidal, and goothbrmal cncrgy. The policy also
recommends appropriﬂte.pricing neasurcs to promote the desired pattern
of encrgy usc and enorgy consorvation and provide an adequate rcturn to
the industry. The rescarch and development programme relating to the
energy scctor and spoeifically the introduction of non-conventional
ehnergy sourccs were also recommended in tho national encrgy policy.

In gpitc of the interim recommendations of the fuel policy
committoc in May 1972 biscd on o sccnario of inereasing oil price
in the future, therc was no apparent switch in the genoreal cnergy
strategy to move to thc use of coal in place of oil until the oil
crisis in late 1973 which affcected India very cdversely in increcsing
the import bill for oil to the extont of almost 40% of the total
export ocarnings. Following the increase in the international pricc of
oil, thc domcstic prices for oll products were incroased substontially,
gspceially for motor gasolinc ond diesel oil, Conscious cfforts were
made to substitute coal in plaec of oil whercver possible, and to
increase the coal production, The cffeet of inereascd demestic
prices for oil products and physical controls in their availebility
has reduced the consumption of oil both in the domestic, trdnsport
and industrial soctors considersbly during 1974 and 1975. Spceifi-
cally the consumption »f motor gasolinc wes reduccd by slmost 20%
in 1974 following morc than 100% incroasc in the domcstic price.
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The exploration for oil was also speeded up and this wes
rcwarded by the quick discovery of tho Bombey High Offshorc ficlds.
The subscquent devélopmont of the Bembey High fields will casc the
pressure on the cconony due to inercasing import requircuents for
petreleun as more oil and gas beeome avellable from these offshore
ficlds, 4t tho sams time, the production of coal has incrcesed
substenticlly from the carlicr level of 75 nillion tonncs to
adproximately 110 million tonnos within three to four yoars and has
outpaced the growth of demand for coal. The substitution of oil
by ccal in the industrial scetor has not bocen as successful ~nd
there are sreas such as power genoration‘in which potroloun products
are ontering in spite of the general cnergy policy of not using

0il and gas for powcr gencration.

The perspective in the interim futurc is thus a mixced one.
Incrorsing domestic oil production will porhaps slacken the offort
in substituting coel fer oil, ond coal production end consumption
are not cxpocted to rcach the targeots projcets for the end of the
Fifth Five Yecar Plan. The outlook in the rural sector and spoeifi-
cally the consunption of none~conventicrnal scurcces of cnergy has
not changed very muche Though the introduction of blogas plants is
boing pursucd vigorously in the rural erces, its total contri-
bution to noeting rural encrgy denand will romain limited during the
next decade, It is yeot to ncke wide acceptrncce as o corymnity cnergy
source and for thc poorcer sccticns of rursl population. The con~
sunption of firewood and dried cowdung in thce rural arcas has not
yect boon substituted by coal, biogas or any othor cnergy sourco.
Solar cnergy is still in an oxperinental stoge and is considored
too cxpensive., The consumption of keroscne for doriestic cocking
in the urban arcas has deercased to sonc extend duo to tho entry in
liquificd notroleun gas (IPG) but the availability of tho later is
gtill limitcd. The suggestion of largc scele construction of coal
carbonization plants nade by the Fuel Policy Commdittco to mrovide
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gos and smokcless solid fucl hns not yet nmateorialized duce to the
high cost of low tomperrturc carbonizati~n plants. Liquifnction
of coal has not vet proved commereinlly viable in Indis,

Tho cnergy situnticn in India is tot~1ly docdnoted by the
continuing powcr crisis duc to the shortege of adequate genorcting
capacity‘and low utilization of the oxisting capeeity, dus to ine
proper neintenonces  Spccially during yoers of low rainfall when
hydro power availability is poor. Any lergoe-scele substituticn of
oil denand by elcetricity as once visualiscd in the railwoy soctor
would only accentuate this aroblom. Inergy soctors in India still
suffor fron tho absonce of long term planning which is spocially
sarius in the powor scctor. The chergy planning situaticn in India
was olso affocted by the continuing uncertainty in the cconomic
front as speeific cconomic sconarios including alternntive targets
for industrial and cconomic growth arc not alweys available as the
bosis for reliable forecascs of cnergy deiand, In this c-ntext,
forceasting futurc ratcs of cncrgy consunptin in India becones a
hazardous tosk. The futurc cnergy consunption in India would bo
determined not only by the growth in varicus cconomic sectors and the
growth of population, but clso by the ability ~f the cconony to nmake -
avellable inersasing ~nounts of cnergy »f appropriztc forn for
specific usc and succussfully carry cut programces frr cnergy

consarvetion and substitution of oil,

‘ The present papar analyscs the past trends of energy con~
sunption in Indin in the urbon as well as in the rural rrcas and for
both curmercial and non-commorcial sources of cnorgy. The consunption
datn availpble for the period following the oil price rise shows a
discontinuity and a change in the pattern of cnergy consuaption from the
past trends sot up during the fifties and sixtics ond ecarly seventics,
But it is still too carly to predict whether the curront trond will con-
timue, or following o discontinuity in 1974-75 the onargy consunption
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trend will contimuc to grow as‘ in the pest. Howcver, the chenges

in thorelgt.ivo priccs of different fucls appeer to be playlng an
inportent reole oven if the narkot cconony in India is considercd
imparfoc#. This is scen in tho decroased rate of growth in con-
suaption of sclected cil products ond in the incressed rate of

grewth of consunption of coal and olectrieity., It 1s cxpected that
this trend will conbinne until therce arc any substantial changes

in the reletive prices and the avnilability of various cnorgy surces

in India.
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2. RECENT TRENDS_IN ENERGY GONSUMPTION IN INDIA

It is convenient to list the main energy resources of India under
five headings. Four of these can be grouped under the general descri-
ption of "Commercisl Energy" namely, Coal; oll & Natural gas; hydro-
electric power and nuclear fuels. These can be traneformed before con-
sumption into secondary forms such as electricity and gas. But the
transformation of primary sources into secondary energy forms is
usually costly and cepltal-intensive. The fifth category comprises of
varioug kinds of resources in India vwhich provide “non-commercial®
enorgy, so called because much of it 1s not ordinarily bought or sold,
at any rate in rccarded transactions, In this lest category, the most
lmportent item is forest resources, which provide the bagig for a con-
glderable volune of firewood and charcoal consumption. The other main
forms of non-commercial fuel in India ere animal and vegotable wastes,
which chiefly conslst of crop residues and dried cowdung. Table 1 shows
the total coneumption of commercisl enorgy in India.through major fucls
measured in terms of original units, whereas Teble 2 shows these
in roplacement terms,

Commercial cncregy in the country mainly sorves the growling needs
of modern economy, thereforc, it constitutes the principal source of
tapping future energy rcquiremonts for modernisation. It can be scen
from table 2 that over the whole period covercd by the figurcs, i.c,
from 1953 to 1976, the estimated consumption of commercial cnergy
meas.lréd in coel rcplacoment terms has incrcascd morc then 4 timce,
Over this périod the consumption of all three fuecls rosc considerably.
The figures of coal and oil consumption in tables 1 and 2 cxcludo the smounts
that are converted into eloctricity bfore boing uscd as diroet energy,
vwhilc all eloctricity data includ.: whatovor the sourcc of cnergy thet
1s uscd in ite goneoration. The direct use of coal, as shown in Table 2
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ghows that its consumption has approximetely tripled since 1953-54,
though almost the whole of its increase took place in the earlier
pert of the period upto 1965~66. Since then coal consumption has
increased, but not very significantly (though this does not take into
account the amount of coal consumption in thermal power station,
which continued to rise).

Smltanesously significant increase in the consumption of
direct use of o0il since 1953-54 ¢xplains the reason of the low con-
sumption of ccal. The oil consumption has increased more than ten
times since 1953-54 and tho electriclty éonsumption has increased more than
9 times between 1953-54 and 1975-76, As a rosult of such a large increase
the sharc of coal foll from just 50% to just over 25% and that of oil
ross from 40% to almost 50% and the shars of olectricity has just doublcd
from 13% to 26%.

Tho consumption pattern of commoreial cnergy is morc elear when
we study the pattern of the avorage anmual growth rate of different
fucls. It shows a 6.58 pereent compound annual growth rate over tho
last two docedcs, the highust growth ratu being rccorded by clectricity
10,3 perccent, followcd by oll 8,17 percent and coal 4.53 perecent during
tho pericd 1955 to 1975-76, |

The most striking point is thc inconsistency in the consumption of
coal and oil. During 1965-70 coal shows a vory littlo growth rate. Tho
samc pattern is followed in overy alternate years after 1970-71., The
causc of these little growth ratos of less than 2 percont peor annum
may bo duc to railway transport bottlonocks (whoreby the coal stocks at
mind hcads have inercased) leading to insufficient availability of
coal. However, duc to this reason it is likely that poppld's interost
turncd towards othcr forms of énorgy, such as, hydro-eloctricity or
0il brsed power resourcuss - I
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From Table § we noto that the production of coal from the poriod
1960-61 to 1975-75 has almost doubled, though the increasc in last few
years had been small. The level of output rerched 2 plateau in
196970 zbowe which upto the end of 197%-74 it hod not risen apore-
ciably. But in the reecnt ysers it hns agein shown a significant rise
in the production., Thc obvious reason is .bccnusc of the nrice hike
of oil, people slowly changed to conl from oil,

I the early 1970s, one of the m-in consumers of coal, the railway,
graduelly changszd from stecam to diesel and clectric locomotives. Simi-
larly the consumption of coal in industries, such as iron and steel
which is the main single industrial consumer declincd during 1970-73
duc to shift in technology to oll burners. Aifter the 1973-74 price rise
-of o0il the consumption pattorn of coal has incre‘a.vsed significantly. _

t shows 2 highest annual growth rate of 8.93 percent during 1973-74 and
1974~75 ond 6,16 percent during th : 1974-75 end 1875-76 periocd, The
‘consumption by Thermal Pow:.r Station was always high.

The average annual rate of growth of cosl consumption by principel
industrics and others are shown in the Table 3 where steel plants show
a significant risc after oil prise rise. From 1970 to 1975 the growth
rate has incroased to 20.6 percent per ennmumm while ths growth rate of
" coal consumption was less than 2% during 1972 to 1974. Cement industry
also shows a significant consumption of‘coal.‘ Daring the lest 5 yeérs
1ts growth rete of coal consumption has increased to more than 30%
per annum. The insignificant growth rate of coal consumption by rail-
ways shows that it has not shifted to morc of coal consumption after
oll price hike. Railways arc thinking of introducing more electric
locomotives rather than diescl locomotives in future., The coal con-
sumption by power station always shows = high rate of growth; during
the last 5 years it has risen to more than 30%. Daring the lest 5 years
oxport of coal has also come down to less than 2%. Coal consumed by -

collicry and other industries have risen to more then 30% per annum



during last 5 years. On the whole, total coal consumption by these
"different scetors and industrics have inereased to more than 30% per
ennum, while maximum consumption was during 1974-75, which is obvious

due to oil prisge rise.

The demand for cnergy derived from oil shows almost an average
annual rate of'growth:of 8417 »ercent per annum during the period
1955~-56 to 1975-76 as given in Table 1. During th. period 1970-71
and 1971-72 ths coal consumption figure shows less than 2% average growth
rate ver annum whereas oil shous o rcascnably high growth rate of more
than 30 percent per annum. OComparatively electricity consumption is also
less during this period. ‘ Lo LT

' Consumption: approximately doublcd in 10 years from 1955-56

to 1965-66, and further increased by a factor of about two and a half in
theo following decade. The growth rate camc down to less than 2 percent
per énnum during 1973-74 to 1974-75 because of remarkable increase in

0oil price, (Sece table 4)

Aggregato consumption in India in 1976-77, cxclusive of refinery
boilecr fuels, as shown in the last line of Table 4 wes approximately 4.1
million tonnes, In this product-wise classgification not all petroleum
produéts are used for mceting encrgy demands, The main exceptions arc
naphtha (which is mainly used as a feedstock for the pctrochemicel and
fertilizer industrics) bitumen, lubes and greases. But although the
share of these non-cnergy items in the total consumption of petrolcum
products has bcen increasing, it is still relatively small, so we find
that thc demand for petroleum based cnergy products arc consistent with
the growth of total consumption of petroleum products. The total con-
sumption shows a significant decrease in consumption trend which is
beocanse of oil prise rise during 1973-74 to 1974-75.

Table 7 shows average annual rate of growth of'consumptiqn far all
products taken together for the four main product groups, and also for sole-
cted producte within each of these gfoups. The comparative‘study of cone
sumption pattern of differcnt oetroleum products is more clear when we
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study a simple graph (Figure 1) for the yeara 1972 to 1977. The table
7 shows that the total consumption of all products almost doubled
during the last 11 yecars from 1965 to 1976, while tho consumpt;ion of
01l during 1951 to 1976 shows almost seven-fold increase, Till
1972-73 the oil congsumption rate was increasing. Only after 1973
dugust, ehe. there was price rise of indigeneous oil to 2,48 per
barrel and agein at the beginning of November 1973 to $3.58 per
barrel, the consumption gz"owth rate fell to 2.76%4 per annum, Again
beceuso of thc rise in the price of domostic crude from August 1, 1974
to $4.58 per barrel the growth rate showed a ncgative trend. Diring
1975~76 ﬂle congumption ratec started increasing slowly by less than
-2 percent pér annum and during the recent yeer it shows a significant
increase of 7.34 ercent per annum. This sudden rise in growth rate
1s mainly because of the extremely rapid growth from the mid of 1960s
'in the use of naphtha as a feedstoak in fertilizer industry., During
1976-77 it shows a growth ratc of 19.6% per annum, while during previous
-~ ten years it shows a comparatively less growth rate of 7.18 percent and
11.87 percent per annum, ‘

There was also a considersble increase.in the rate of growth of
consumption of kerosene and HSDO and LDO - which between them accounts
for over 90 percent of consumption in middle distillatecs in 1976-77, Kerow -
sene which was largest single item in consumption until the eerly 1960s ,
is mainly used for household lighting and cooking, However, during recent
years a conslderable quantity of Keroscne wals illegally used in vehicles
as a sibstitute for HSDO, which was morc expensive because of a highar
rete of duty, In November 1973, the rates of duty on the two products
were equalized., Afterwards suddenly the ratevof growth of kerosene con-
sumption showed sherp decline and a negative trend, which is very clear
from the graph, while the share of HSDO rose correspondingly, following
the equalization of the rates of exeise duty - HSDO being very largely
assoclated with the growth of road transport and also with the replacement
of steanm by diesel locomotives on the railwars shows an extremely rapid
increase of 13.29% during 1973-74 to 19% per annum dwring '19_'74-75;



dfterwards HSDO rate of growth slowed down, while in contrast the
keroscne g.t;owt.h rate grow significantly to 10.5 percent per anmmnm

and wltimately both adopted a stablized pattern of 7.72 and 7.02 per cent
growth rate per enmum. In the gfaph we notice the trend of kerosene

and HSDO is aimost parallel to sach other.

- The third main product in the middle ditillatc product is light
diesel oil, which shows a2 22,78 percent growth rate per ammm, It 4is
meinly used in agriculturc for energizing pumpscts, while a small amount
is uscd for power generation, trensportand in some industries. The rate
of consumption of LDO was declining during 1972 to 1975,

As is evident from Tavle 7, the rate of increase in furnsce oil
consasption has been high during 1960s and then sléwly decreased to 4.23
‘per cent during 1973-74 and then further reduced to nogative consumption
rate from 1974 to 1976, Mzin consumers of furnace oil are forpower
generation, textile industries, transport, iron and steel ahd wide
varicty of other industries for steom raising.

The consumption pattern of motor spirit elthough increased cone
giderably during 1951 to 1971 but later declined to negative growth
rate of less than 2% till 1975-76 and only afterwards it inereased
to a rate of 3,05%.

Einoily we may scy that the LPG shows on sverage growth rats of

- more than 7,06 sercent per annum., Only during 1875-78 it shows = rapid
growth rate of 18,67 parcent per annum. Consumption in the category of
"other products" has zlso grown since 1960s which is mainly resulted
frem en increase in the consumption of bitumen, together with arapld
growth in refinery boiler fuels from an initially very small total,

From Table 1 we find that in thepast the rate of growth ins leetricity
- consunption in India hes increased that of two main commercial fuels,
coal and oil, so that the share of electricity in total energy. consumption
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bos steadily increased. | Table 5 give figures of total electricity
consumed by different sectors, for a number of past years. The consum-
ptlon figure of electricity is obtained by adding clectricity consumed
by ultimate consurhcré and electriéity generated by non-utilities and then
;;vrs;'xbstrac'bing from this electricity purchased from non-utilities. - From
,;fl‘ahle 1 we find electricity consumption corrcsponds to an averags annual
‘growth rate over the whole twenty-year periocd, from 1955 to 1975, of
about 10.3%. During the period 1965-70; 70~-75 the growth rate was on an
average of 9.71% per ennum and 6.,59% per annum respectively,while during
1955-85 it was 12.5 percent por annum, Since 1960-61, electricity.
consumption by ultinate consumer has grown at a somewhat slower rate

than the gross generation,

During recent years, the rate of growth of clectricity consumption
has been very inconsistent, Diring 1971~72 and 1972-73 it.was as high as
13.32 percent while during 1972-73 and 1973-74 and 1973-74 and 1974~75
the consumption growth rates sre 2.36 percent and 5,15 percent per anmum
respectively. 4fter oil crisis again consumdtion has increased to the
maxdmum of 13423 percent per annum, The slower rates of increese sre
the result of difficulties with respect to electricity supply which
shows a fall in consumption.

Tables 8 anl 5 give further details of electricity consumption,
In table 8, the relative sharcs are given for selected years in total
consumption. It is obvious from the table that industry is undoubtedly
the main single consumar of powsr. During 1965-66 its share was
72.8 percent which had slightly fallen to 62.4 percent during the recemt
‘periods of ten years, i,c. 1975~76, While agricultural sector has '
increased its shere of conswiption over last ten yecars period, mainly
due to rapid use of elactric pumps for irrigation purposes. Domestic

sector shows a very little increase over the last docedse,



In Table 5 we find the amounts consumed by cight largest
consming industries far the last ten yoars period 1965-66 to 1975-76.
‘The last column of the table gives the avei'age annual compound rate of
growth for each of these industries over the period as a whole. From
the last two rows of the table we note that the electricity consumed
by these alght major industries is almost half of that consumed by all
industries, The average rates of growth of the two serles is almost
same,which was 7.58 percent per annum for eight selected industries,
wvhile 6.9 percent per annum for the totel industries. A4s betweon the |
eight major consumers, however, therewere notable variations in the rate

of growth of clectricity consumption,

Engineering and chemicals shows a significant rate of growth in
comperison with other six industries. The asverage annual growth ratec
by 1975-76 had increased to 15.1 vercent and 13,79 percent pcr annum
resicectively. Fertilizers and aluminium comc next in the list of high
electricity consuming industries, During the last decade its growth
rate per annum has increased to 9435 percent to 8,97 percent respectively.
By contrast, in each of the remaining four industrios which were the
‘leading consumers in 1964-65, the rate of consumption has been relatively
low, Paper industry shows slightly higher growth rate of 6,68 percent,
while cement and cotton textiles give 5.18 perccent and 5.56 percent per
annum respectively., Last comes the iron and steel industry with a growth
ratc of consumption of electricity of 4.93 percent per annum,

Table 7 shows a rapid growth rate of electricity consumption in
agriculture which is reasonably because of the clectrification of an
increasing proportion of villages in India. Uhen we study the table
6 we understand that the number of villages electrificd during 1975-76
was 12,273, which brought the total number of villages oloctrified to
1,85,808, This figure is 32.26 percent of the 5,75,936 reglstercd villages
in the country, In the States and Union Territories of Haryana, Pondi-
cherry, Delhi and Chandigarh, 100 percent villages clectrification has
been achi‘evod, vwhile in the States of Tamil Nadu and Kerala a very near
target of 100 percent electrification with 98.56 porcent and 94.79 percent
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zégspectively are made. In the rest of the two soubhern States

ddhra Pradesh and Karnataka more than 50% of thc villages are electrified.
However, other States and Union Territories of India are.still below the
all India averagc of 32,26 porcent, The rural population becnefitted by
the availability of electricity wes 54,40 pcrcent.

In the third column of Tablc 6 the number of irrigation pumpsets
end tubs wells encrgized is shown, IDiring 1975-76 about 1,72,243 irriga-
fion pumpseta wore anergised h-inging the total number of pumpsets
energised as on 31 March 1976 to 2,786 thousands in India, The average
capacity of the pumpset was 5,43 HP and the average annual consumption '
was 3130.46 kwh, 'The rcason for such a fast improvement in rural electri-
fication is becanse of a strong support by Central Government in finance.:
Since 1965-66 the percentage of villaeges electrificed shows a four-fold
increase. After 1965-66, Central Govermment!s attention was increasingly
concentrated on agricultural denand for irrigation as against publie
lighting and domestic consumption as they show & 1 dercent gnd 3.6 percen‘b~
shares respectively in the net electricity consumption during 1975-76.
The main channel of Contral support; both technical and financiol, is now
the Rural Electricity Corporation, a public sector financing institutioﬁ
established in 1970, which lends money to the Stete flectricity Boards
on a project basis for the financing of rural clectrification schemes,
which meet snecified criteria of acceptabdlity.
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4 national energy policy for India must relate to the three bagic
areas of concern - those related to (1) development of indigeneous energy
tesources, (2) energy conservation and (3) energy pricing policy. Some of
thé important policy issues related to these three areas are discussed
briefly in this section. Besides these basic issues reiated to an energy
policy in the country, there are other policy issues in the other sectors of
the etonomy which also hasve a direct bearing on the energy sector and a
proper analysis of the energy policy should also examine these policy
: issueé.' As there is an intimate link between energy consumption and
economic growth in a country, the'basic policies regarding the pace of eco~
nomic growth would to a great extent determine the reqﬁirements for energy
" and consequently any shortage of energy will tend to constraln the rate of
economic growth. Thus pfoper development of the energy sector may influence
the economic growth prospects of a country. The investment needs for the
energy sectors also must be provided by the general economy and this
relationshin is a two-way processs

A national energy policy then must be decided within a framework
of ehergy-economic planning so that the demands made by a growing
economy for énergy as well as the investment and other needs of a
growing energy sector can be analysed within the same framework,

DEVELOPMENT OF INDIGENEOUS ENERGY RESOURCES

The development policy foar energy resources in India should give
due consideration to the development of coal, petroleum (oil and gas),
and electric power resources in the country, both for the needs of develop-
ment and also for providing basic social needs of the population. Though
India has been endowed with vast amount of coal resources and hydro-
elactric potential, the oil and natural gas resources available in India
are quite limited, considering the needs of the country. In the field
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of nuclear energy, our uranium reserves arec very limited, though with

the development of the fast breeder technology, it is expected that the

vast thorium resources available in the country could be utilised for pro-
viding energy requirements in the future, possibly after 2000 A.D,

However, the most dependable energy form in the medium term appears to be
coal and other forms of sec ondary energy derived from coel. Inspite of
this, during the sixbieé, in the absence of any clear cut energy policy,

the coal production stagnated while the demand for oil rose very sharply.
India's limited oil resources also were not explored properly, mainly because
of low prevalling price of o0il, the absence of domestic technology and
expertise in this area, and the dominance of the oil sector by the hig
foreign oil companies whlch preferred& to import oil for the requirements

- of their refineries at a favourable price from other countries. The oil
policy has been changing during the slxties with the amergence of the (i1 and
‘Natural Gas Commission (ONGG) as an agency for oil cxploration and develop-
ment. With the formation of Indian Oil Company, the dominance of the
foreign oll companies in the refining and marketing fisld were curtailed.
However, due to the low domestic prices fdr oil products, the demand for

oil products as well as the import requirements for crude oil were rising
-quite rapidly until the energy crisis in late 1973 due to the almost four-fold
-rise in the international prices of crude oil, Following this, the domsstic
prices for oil products were increased substantially excopt for kerosene

and naphthsa énd other measures for conservation of oil and substitution

of oil products by coal were being encouraged.

Simultaneously the tempo of oil exploration was increased and quick
success was obtained from the off-shore oil fields of Bombay High. The deve~
lopment of Bombsy High and other off-shore oil fields and steady production
from Qujarat has since increased the total oil production in India and it is
axpect?@over about 50% of the domestic demand by 1980-81 when the full
potential of the Bornbéy High field would be realised. The discovery of
off-ghore oil fields has given a sense of euphoria in some quarters and there
has been claims regarding India becoming self-sufficlent in the field of
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pil production, Aut it should be realised that our total oil resources
including those under development and those yet to be developed are not
ebandant or even sufficicnt considering the potential demand that could be
expected from the large population if any reesonable rate of economic
gogress is achieved within the next two decades. Since the oil crigls,
India has becen spending large percentage of its export earnings, for the
{mport of orude oil. The development of off-shore oil resources might
stem this flow for a decade or two but with the tendency for the internae-
tional price of oil to rise.on a regular basis, one could not be very
‘optimietic regarding this.

Following the 0il crisls, the development of the coal sector wos given a
higher priority and subsequently all the coal mincs were nationalised. Though
in the initial years, the capacity utilisation and the coal mroduction
‘increased quite rapidly, the total production of coal is not going to reach
‘anywhere near the target of 135 million tonnes forecast in the draft fifth
five year plan, The coal industry 1s plagued with problems of high develop-
:ment cost, labour unrcst, shortage of power, and low priceé‘as well as trans-
port bottlenecks in ths railways. The quality. of Indian coal has traditionally
'been‘pcq. being of high ash content but it has gone down so much reccntly
that the stcel industry has bswen scriously considering to import coking coal
from Australis to mest the requirc:ients for the domestic stesl mills. The
low quality of Indien coal has also created tremendous problcms in the power
sector leading to a very high rate of breckdown of thermal power plants and
also consequenﬁ low rate of utilisation. In gdite of the high investment
needs for develbping additional coal mines required for the growing needs
of the industfy and the power sector, thc coal prices have been kept at a
much lower level and the coal 1hdustry have been incurring heavy losses

since its nationalisation.

With the reclisation that we are very heavily dependent on coel and
will continue to be so in the foreseeable future, we should have been develobinq
modern conversion,tccbnologies for making éoal usable in industries and
- naking it a more versatile form of energy by gasification, liquifaction and
other technologics. But until now we have not given enough attention to the
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development of these technologies to make coal a more versatile and ada-
ptable energy resource and to make it comparable to oil, in terms of con-
venionce in use and high thermal officiency. Unless the coal industry becomes
'6cOnomically viable, it would not be able to invest in any such technologles,
Thus coal prices should be raiscd to reflect its production costs. Wc should
also devote some attention to produce a cheap and convenient form of domestic
fuel from coal either in the form of a gas or a smdkeless fuel which cen
renlace kerosene as a cooking fuel from urban and rural areas but no
appropriate action appears to have been taken in this area also.

The problems of the nower sector are quite well known by now as
these have become cronic problems over the years., The absence of long term
planning for the development of the power sector and subsequent failure
in time implementation of projects scheduled for construction have led to
almost perceptual power shortages in the country. But even now, the autho-
rities respongible for planhing deveiopment of the power sector are thinking
only in terms of five year plans far power development, whereas it takes
anyvhere from 5 to 8 years for tho construction of a Thermal power plant,
and even longer in case of a hydro plants. A recent expert group appointed
by the Pla.nning- Commi ssion have suggested that the development plans for the
power sector should be prepared for eight ycars in advance. The absence
of modern methods of systems planning alsc leads to non-optimal choice in the
location of the power plants and also in inadequate transmission capacity.
Though India has inéreased its power generating capacity conslderably over
the last three decades, the modernisation in planning methodology and in the
maintenance of complex large sized power plants have not kept in phase with
the growth of the power seét.or. The absence of integrated planning
and operation of power systems on a regional and national basis oi‘ben»
leads to non optimal investments as well as unbalanced distribution of power
resources in the various regions of the country. It is quite usual
‘40 s66 one state experiencing actube power shortage and generating costly
thermal power using inefficient plants whereas a nelghbouring state might
be having excess hydro clectric potential which is not being utilised,



We have not yet adequately utilised our hydro electric potential.
Projects designed long ego on inter state rivers such as Naermada have

not yet oeen lmpiemented becamse of intor-state rivalries in the share of
power and water resources,

The power sector in India is characterised by a very high rate of
growth often reaching 12-15 percent in some rogions of the country
specially in areas of high industrial growth. The shortage of power
in India is accentuated by the high cnergy loss in thc distribution system
and through theft and illegal use of nowcr. Often the distribution systems of
old design has become in adequate to serve higher demands of power, thus
resulting in higher losscs. The poor maintenance of the generation and trans-
mission equipment also leads to increased failures in the power system,
thus lowering the ukilisation of the existing power system. The low teriff,
high energy loss and low operating efflciencies leads to poor financial
performance of the State Electricity Boards which are unable to ralse the
development funds neecded for investment in replacement or inerease in

their capacity,

ENERGY_CONSERVATION

The per capita cnergy consumption in India is gquite low but that docs
not mean that we are more &ficient in energy consumption., In fact even
with a 16w pér capita consumption we are wasteful in our energy consumption
pattern, As most of the major energy resources (except perhaps hydro)
are exhaustible in nature, cnergy conservation acquires additional importance
~ for developing countrics like India. Enérgy prices are deliberately »kept
low in:India on the plea of subsidizing the poorcr sections of the population,
but it is the rich who enjoys this subsidy as his energy consumption _
is mich higher and often a large consumor is entitled to a losser rate or
discount. Klectricity consumers are not always nindful , thus encouraging
wastage. Thorgy losses in power networks arc very high., The efficiency of
energy use is very low specifically in the rural areas thus the useful
encrgy obtained per unit of energy consumed i's mich less., Thus cnergy
congervation meagures asre a must for India specifically as devices for
management of shortages iIn the supply of cnergy. '



The present policy of the Government and ONGG is to go ehead with
- devoloplng the discovered offshorc and on-shore oll rosources as quickly
as possible and incrcoase domestic oil production to reduce the gquantum
of present oil import, but a long term policy of optimum rate of deve-
lopment for the limited oil resources of India has not yet been worked
out. If the international price of oil continues to rise rapidly, it might
be better for us to conserve our limited resource for years when the oil |
price might reach § 25-50 per barrel. Also there appesrs to be some
leodty in enfereing  the oil conservation measures that were introduced
following the o0il crisis 1n late 73 due to the increase in domestic oll
production from Bombay high ficldse The consumption pattern of oil ,
products are again showing rising trends following the levelling of for
about 3 years beiinning 74. 4s yet no long term policy has bcen worked
out either to reduce the consumption of kerosene which is widcly used as a
domestic fuel for heating in urban arcas and for both heating end lighting
in the rurel areas. 4 domestic stove with higher cffieiency of combustion
is yet to be developed and marketed which could increase the efficiency of
“combls'bion from the meagre 404 available now to a level of around 60%, thus
reducing kerossnc consumption by one-~third, The dependence on the small scale
scctor for the mamifacturce of exdsting ill-designed kerosene stoves of very
low combustion efficicney appcars to be one of the disesdvantages in this
area. It is reported that I0C has developed an improved stove but no
action has yct been teken for large scale mamufacturc and nmarketing of this
device. Growth of automotive transport, as well as the use of diesel powered
agricultural machinery have also contrituted to the high rate of growth of
diesel oil consumption in the country., The refining capacity and the total
requircment of crude oil in India is essentially determined by the demand
for middle dfstillates (i.0, kerosene and diesel oil) and not by the
demand for lighter products such as motor gasclenc as in the devéloped
countrics, Inspite of the high valus of other products that could be
obtained from the oil and natural gas available from Bonbay High and other
off-ghare fields, it appears that the current policy has bocen to burn
soma of the evaileble gas for tho gensration of power; This is in conm
tradiction to therecommendations of the Fuel Policy Commitice which were
- accepted by the government. ‘



RIERGY PRICING POLICY

Proper pricing of cnorgy gocs a long way in conserving encrgy, deve-
loping a healthy energy supply scctor and encouraging substitution among
¥arious onergy forms. Traditionally energy forms including electricity
heve mostly beon subsidized. In spitc of the high intornational price
of‘crude oil, domestic crude oil is sold at a much lower mrice as also
a few of the oil products, mainly Nephtha, the raw material for fertilizer
production and keroscne used widely as a cooking fuel in urban and rural
‘arecas. As a result the oil consunption 1s again picking up following the
l'cvellihg of for 2-3 years following the oil crisis.

- Low coal prices is affecting thc financial institution of public scctor
notionalisods ©oal industry mainly due to increased wages, production
cost, need for mcchanization and increased mine developmont arts. The
low price of fuel is not usually passed on to the consumers by the industrial
esteblishments which enjoys higher profit due to subsidized coal. As rail
transportation is usually a bottleneck, new forms of coal transportation such
as slurry plpelines should be tried out, but this require additional
finencial resources which could be obtaincd by changing higher prices
for coal. ‘

The power tariff has been historically low and often lower than the
cost of gcnorét.ion. Rocently somec of the State Electricity Boards have
inereasced the powérr rates ut still not much attempt has been there to
revise the structure of the power tariff, Most of the existing tariff stru~-
cturss encourage increcase power consumption and the large consumers pay &
lowar rate for power. There is no attempt to curb the consumption of
power during the peak hours of the day by introducing some form of
peak load prising. In casec of power long term marginal or incremental
costs should be worked out for supplylng additional capacity during the .
peak period and encrgy at any time; Proper tariff structures incorporating



such marginal costs would be designed, Some form of pcak load pricing
bascd on time-of~day metering should be introduccd for large industrial
consuncrs flirst and then othars with high enough consumption. Dus to
seasonally changing hydro-power aveilability, systcms with both thermal
end hydro plants, could have scasonally varying tariff structures.

The relative mrices betweon various fuels is important and changes
should be made so that supply of various energy forms could match with the
domands for thesc onergy forms. Such prices should be fixed knowing the
availablc energy resources of thc country and import poseibilities.
Increasing cnergy prices will usually increase the cost of production, tut
only marginally except for energy-intensive industries such as Aluminium,
Often cnergy prices are kept low with the argument that this will encourage
industrial growth, but that is not so obvious. On the other hand
charging the true price of cenergy based on marginal‘cosfof production will
‘avold distorsions in thc energy market and will lead to better energy

conservation, -



4. ROLE OF NOJ-CONVENTIONAL SOURCES OF ENZRGY

4Ls discussed esrlier, almost half of the total energy consumption
'.in India comes from non-commercial sources of energy and in the rural
ereas these sources including firswood end animal wastes cover almost
20% of the Fnergy used. The ecological consequences of increaded uss of
firewood, the burning of cowdung involving a loss in its value as ferti-
lizer, and in general, the extremely low efficiency of energy use in '
the rural areas, makes it necessary that alternative sources of energy supoly
ghould be seriously considered for the rural areas. With the increase
in the price of non-renewable sources of energy, specially oil, the focus
has shifted in searching for new and non-conventional, and preferably
renewable, sources of Energy. Solar, geo-thermal, tidal, wind and biogas
energy are considered the main contenders as non-conventional sources of
energy though all of them (except geothermal energy) essentially receive their
energy from direct solar radiation or through some process of convergion, |
Resea~ch and development in exploring the possibilities of using these
non-conventional sources of energy has started almost 15-20 years ago in
India especially for bio-gas, geo-thermal and solar energy. ILimited
application has also been successful specially for bio-gas and there are
about fifteen thousand bio-gas plants working in the country in several
statess The Government policy thus favours the use of bio-gas and its
introduction in the rural areas in a large way and it is planned that
by the end of the Fifth Flve Year Plamn in 1979, 100,000 bio-gas plants will
be in operation., 8imilarly, research and development activities and pilot
plant studies are contimuing in the areas of solar, wind, tidal and
geothermal energy sources.

From an investigation of the experience in the implementation of
‘bio-gas plants and rescarch and development activities in the other
sources of Energy, some important conclusions could be reached. The soope'
of Aon—conventional sources of FEnergy in supplying the Energy needs in the
rural and urban areas of India by‘the end of the century is still going to



be quite limited due to various technical, cconomic, social and orga~
nisational problems related with the utilisation of the sources on a wide
gcale. Perhaps blo-gas plarrt.s could supply a considerable portion

of the rural energy needs by this time if the social and technical pro-
blems related with the organisation and setting up of community-type
blo-gas plants arc solved and the investment cost is trought down through
reseerch and development and the use of low-cost local materials. Still,
the percentage of total energy needs supplied by these sources would be
very small and unless major technological and economic hreakthroughs are
possible within the next 10-15 years, the role that these conventional
sources will play in supplying the energy needs for development is going
to be quite limited.

Solar ergy is at present competitive with other sources of power only
for heating and cooling of buildings or of water and these are not
large sources of aggregate demand in a tropical country like India. The
use of solar Energy in residential and commercial cstablishments is
expected to be quite limited, Water heating and refrigeration application
in large buildings such as hostels, Govermment offices and large shopping
centres might be possible in Urban areas, In the rural arcdas, the scope
of solar Energy would be mainly limited to crop drying, refrigeration
for large scale cold storage plants and water pumping, if commercial
types of solar pumps could be developed, Now only solar drying is the
most promlssing use. Conversion of solar cnergy into clectricity by solar
cells or by direct application of hcat are still highly expensive
process and could be useful only in remote rural areas. Pilot scale
plants for these should be ilt for experimentation,

Electricity generation from wind has not bcen very promising for
developing countries in general due to the large initial investments and
high cost of generation and storage, except at locations with very
favourable wind conditions and poor transportation systems. In India,
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the average wind velocities arc muceh lower than in other countries and it
is highly seasonal, thus the scopec for wind power in India appears to be
quite limited except in isolated areas for seasonal activities like
water pumping.

Bio~-gas and fertilizer generation from animal wastes and agricultural
wastes, ma.:_i.nly cow dung, human wastes and crop residues has been subject to
large experimentation and techno-ecconomic analysis. There are still
some apprehensions regarding the cconomic profitability of bio-gas plant al
but considering the various socio-economic advantages associated with
~successful introduction of bio-gas plants in the rural areas and the
impetus tb development thaot this will create, bio-ges appears to be the
most important of the non~conventional energy soﬁrces and it is receiving

increasing priority in India.

The concept of Energy plantetions using qllick-growing species docs nof

abpeer to be a very promising solution in India meinly due to non-availability

of land required for such plantations. DBut as the traditional use of fire-
| wood for cooking in the rural areas would continue indefinitely in the
future,. the gocial forestry concept has to be emphasized in whatevir lend that
q,gju]-._d-be made available in the villages so that it could al least .continue
to,be a partial solution-to rural energy problem for the next few dccades.
Important galns could howover be obtained by introducing some kind of well-
designed low-cost stoves to increase the efficiency of burning fire wood
which by itself could reduce the firoswood oonsumptioh by signi‘i‘ic'ant -
amoimts.‘si':» : . . : S Lo .

. Uhereas blogas .appears to be the most promising sour ce of__i;on— .
conventional cnergy, several technicel and eoconomic problems related to
i-’cé wide app_]i-ca'bioh in the rural areas have be solvod'wit.hin‘ a very short
times  The major advantage of bio-gas is that :Lt is ™wo for one" t2chnology
where. cowdung- which is normally uscd either for fertiliser or for fuel _
- ¢can be us’ed to-produce both fertiliser and fuel, The efficiency of burning



Mo—gas in burners is usually higher by several factors to that of

hurning dung cakes, and the use of slurry from the bio-gas plants as a
fertilisce ap;.cz:s nize much more effective than the use of cow-dung
directly. It could also become a complotoly decentralised technology -
«sing local skill and materials that could orovide a comverdent energy

source in the rurallareas, perhaps repnlacing the use of fire wood and
electricity in villages which are too remote for rural electrification.
Community bio~gas plant pfoperly implemented through cooperatives or

other village orgaﬁisations could help the poor in obtaining a low-cost
_energy source because, a Pamily size bio-gas plant does not appear to be
within the reach of the poor villager both due to the high capital cost end
also due to the requirement of 3 to 5 cows, Thus a wide scalc contribution
by blo-gas plante towards solving the cnergy problem in the rural areas

could only be made if the commnity type bio-gas plants could be lmplemented
in villages spceially where the population lives in closely knit communities.
Various problems related to the financing, construction, collection of

dung, distribution of gss and gricing would have to be solved both at the
tecinicel and at tho organisational level before community type bio-gas plants
would be siccessful.

A note of cantion must be made here so that bioc-gas plants do not
becomc snother source for wor sening the distribution of income in the rural
-areas, similar to the e‘ffect of the green revolution mainly associated with
the high yielding verietics of grains and modern inputs like irmgation
and fertilisers, Bio~-gas plants could become a basic mource of energy not
only for domestic consumption but also for rural industry and agricultural
activity, perhaps replacing rural electridication from transmission
lines in remore aveas. It is critical that ths cost of constructing
blo-gas plants should be brought down substantially so that there no
doubts left regarding economic viahility of these plants and scarcity
of investment funds do not becoie a major bottlensck., A family size
blo-gas plant producing about 100 c.ft., per day of gas approximately costs
around 2,500-3,000 rupees (US 3 285-340) in India. Unconfirmed reports
say that in China, where a cheaper and simplificd farm of construction is used,



similar plants are avalilable at a cost of USy20, The prosent Covernmont
policy in India is to provide a 25% subsidy for the construction of bio-gas
plants and the banks arc ready to supply such loans so as to encourage
village industries schomes, FPerhaps highor amount of ﬁhqnces could be
mede available for commmity-type bio-gas plamts,thus removing a

najor bottlenack in their wide scale acceptance.

The role of non-conventional sources of Energy for domestic
consumption in the urban areas appcars to be quite limited. Bio-gas generation
ig possible from municipal wastes if the social problems rclated to the
acceptability of such gas for domestic cooking could be removed. As
suggested earlier, the role of solar energy would also be limited mainly
to large tuildings for heating or refrigeration none of which are high*
priority uses. Thus alternative sources of energy either in the form
of liquified petroleum Ges (LPG), coal gas or solid smokeless fuel
produced from cozl would have to be made available in the urban arcas
for domestic and commercial use if the growth of consumption of keroscne
for domestic cooking is to be curbed. '

Research end development, pilot project preparation and field
app]ilcation for the utilization of wrious non-conventional source of
cnergy are being pursued in India by a large mumber of institutions and
with imch en’c.husiasn,2 under the sponsorshin of the Ministry of E‘nei'gy,
Departilent of Seience and Technology (DST), the National Committee for
Science & Technology (NCST) and the Council of Scientific and Industrial
Research (CSIR). Such activities in the ficld of goothermal cnergy,
tidal power, soler cnergy, wind energy and biogas a.re'encouraging ut it
is unlikely that by 2000 A.D., these non-conventional sources of energy
will contribute a significant proportion towards meeting the national

energy nceds,



4 rescarch projcect on Energy Planning Methodology for developing
countrics has been started in 1977 at the Indian Institute of Management.
The first phase of the grojcct will be completed in one year, but subse-
quent nhases arc expgctcd to continue for an additional year or morz.

. The basic 6bﬁectivé of the rescarch projecf is to suggest suitable metho-
dologics for energy demand forocasting and energy-economic planning in
the developing countrics. The research woject is not oriented in the
current phase towards developirig a sxcific plan fbr the energy sectors
of India, but energy'consumption end economic data for India and (if
available) other devcloping countries will be uscd to test various
nethodologies that are considered relevant for these countries.

Energy use has always been linked to economic growth and pros-
perity of a country. Rt ﬁhe enérgy criéis of late 1973 caused by the
stcep increase in the price of all has made it necessary that energy
sectar planning and its relationship to economic growth is given increased
attention by planners, sjecifically in thc developing. The traditional
apgrdach.to‘energy planning planning consists of (a) energy demand
forecasting, (b).cnargy supply analysis and (c) energy supply-demand
‘balancing, usually carried out in that scquences by individual cnergy-
supplying scctors. This approach could not satisfactorily deal with the
effects of interfucl substitution and relative orice changes on the
consumption of individual ecnergy forms. Th« demand for energy and
consequently the investment and foreign exchange nceds for the energy
sector are influcnced by the r ate of cconomic growth. But these in
turn will influencc and might constréin the rate of growth of the
economy. In the traditional approach, this dual relationship was rarely
considered, while planning for the snergy sectors. BRut in the
post-OPEC éra, the economic growth prospects of any country and specifi-
cally the developing countries are very intimately linked with the
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developments in the energy sector and an integrated framework for energy-‘
economic planning is nceded. The objective of the current rescarch pro-
ject is to develop such a framework applicable for developing countries.
The basic groblems related to the consumption and supply of energy-in the
developing countries ars different from those found j.n the developed
countricss. Many of theo sophisticated econometric and other nmodelling
a>proaches used in the developed ‘countrios may not be suitable for the
developing countries. Thus there is a nced for developing suitable
methodologies for energy planning directed towards the problems and
prospects of the developing countries themselvos,

Investigations are being carried out in this research project mainly
in to two aspects of chergy planning methodology - (&) energy demand
forecasting and (b) integrated framework for energy-economic planning.

It is felt that most.of the developing countries, including India, lack
proper methodologies for energy demand forocasting. This is usually
carried out by simplc extrepdlation of past trends of energy consume
ption and sometimes using simple regression models relating enargy

consumption to some economic parameters.

UsuaJJ.y. such methodology do qét take considaration of the price
elasticity of energy consumption and are not usually based on any
structural methods specifically for the industrial sectors. 4s the
suitable timo series data on energy consumption, prices and other
cconomic variables are not always available in developing countries
in a reliable fora and there are structural changes in the econory
trought about by the process of developicnt 1tself, it was felt that the
usual econonetric approaches for energy deaand forecasting may not be
highly suitable in their case, speclelly for the industrial sector. It was
then decided to attenpt ddveloping some structural methods for énergy
denand forecasting for the industrial end rolated sectors,



To develop suitable methodblogy for cnergy derand forccasting,

two specific approaches and techniques arc being invbStigatod'(a) sinplc
ccononetric methods and (b) input—output snalysis and specific industry
studies. Econonetric nodels arc being developed rclating the consunption

of total cnergy and individual energy fors:s i,e, coal, oil and electricity
with their prices and other indicators such as GN?, population, national
inconc and index of industrial production, A scparate investigation will

be carricd out to detornine suitable indicators for rural energy consunption
both in the agricultural and donestic sectors. The alternative approach
for demand forecasting is based on using en upto-date input-output table
cxpressed in monetory terns to develop an energy input-output table in phy-
sical terms. 4n energy input-output tablc, in which thc encrgy sectors

arc scparated from the other sectors of the econémy, oxpresses in- physical
terns, the energy input roquired for the production of an additional
‘unit of outpﬁt in any other sector. If£ rccent input-output tables are
availeble, thc exercisc of constructing energy input output tables should
not be vary difficult, It would be instructive as various issues related to
fuel efficiencies, interfuel substitution and technologicel changes would
have to be ched in.this process. 4Again price elasticity might not affect indus-
trial demand much but relative price changes will heve the effect of changing
the shares of different fuels-in industries, where.the fuel used is not
completely determined by the technology. To take account of these

cases, & series of energy input-output tables may have to be prepared to
reflect different relative energy price scenari¢s in the future.

The adjustment process to the higher prices of oll could be represented

in this approach by gradually changing the energy coefficients for

different energy forms and for various end-use sectors.

The energy coefficients for various industrial sectors developed
through the use of in put-output analysis will be compared with such
coefficients developed by the Planning Commission while cerrying out
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matérisl balances. Similar coefficients are also being computed from

the data available on the ensrgy consumption by veriocus industries in

the report of theaumal survey of industries to check the consistency

of these energy coefficients, For industrial sectas which are large con-
sumers of energy such as gteecl, cement, fertilisger, chemical industry ste,
individual industry studies will be carried out to determine the co-
efficlents of energy consumption based on technical and process require-
ments, ‘as well as, the scops of substitution between alternative energy

forms,

» - Based on the data ‘available, an attempt will be made to develop
‘enalytical models for farecasting energy demand in the domestic, agricul-
tural, industrial and frensportation sectors of the cconomy, It is possi-
ble that different methodologics may be suitable for different sectors

of the econouy., Whereas input— utput analysis is being used :f‘of Yorccasting
industrial energy demand, regression analysis or econometric models could

be a better tool for foi'ecasting domestic demand., Hnergy demand forecasting
should be theoratically carried out simultaneously with energy supply
analydis, so that lnter linkages between them thfough thé machanism of
price and resources gtailability could be investigated.

In the corrent ressarch project, the energy demand forecasting
models will be linked with verious models of the enargy supply sectors
within the integrated framswork for energy-economic planning shown
in figure 2 A= expected, the demand fdracasting and supply models are
linked with a macro-cconomic model of the general sconomy, so that. the
linkages between the energy sectors and the other ssctors could be esta-
blished, At this point we visualise that e aggregate version of the
current input-output table being developed by the Planning Commisgsion will
be used as the macro-economic model. Various models are already available
for the energy supply sectors, fellowing the work of the fuel policy commdttee,
the earlier work at the Institute and oll sector modcls developed by the



oil industries. As far as possihle existing supply sector models would

be utilized in the integratod framework after suitable modification rather
than develop new models for the supply sectors. It is expected that during
the first phase of the research wroject, a suitable methbdology for energy
" demand forecasting and an integrated framework for energy-sconomic planning
will be developed which then cbuld be appliéd to various defrelop:i.ng coun-
tries including Indis dwring the subsequent phasc of the energy research
project. | -

The use of general econometric models is not rccommended unless
they are based on well-defined structural models of the end-use activity,
except for forecasting consumptive use of energy in the residential and
comercial sectors. Similarly, market-induced demand-supply equilibrium
models are not expected to be very usoful in the devéloping countriess
The main reasons why input-output analysis is preferred over econometric
models is that (i) the input-output framework would be also useful for
developing planning modcls of the energy supplying sectors, and (ii) the
effects of changing cnergy »sicturec on the general cconomy could .be analysed
much better under the injut-output, inter-industry or process-analysis
 framework. A dynamic input-output planning model similar to the one used
by Carterl for U.5. could be developeci to study the effects of changing energy
picture on the growth prospects of the economy., The Pilot Iergy IVI'»:scE'Lel2
bascd on an input-output model of the economy and detailed de‘scription could
also be adapted Kfor uso in the developing countries. In India, during the
course of the energy planning study by the Fuel Policy Committee, a linear
programming model:5 of the energy supply sectors was developed which included
fuel extraction/import, srocessing =nd transport to meet demands from the
various sectors. The model also included investment choices in different
fuel industrics related to location, choice of technique and capacity.
& integration of such cnergy suppljr model with an input-output model appears
feasible and is being developed under the current rescarch project ’
"Energy Flanning Methodology for Developing Couﬁtriesé. In such an integrated
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enargy-cconomic model, the linkages between the general cconomy and the
energy sectors could be properly analyzed and any constraints on thc ecconomic
growth arising ocut of the cnergy sectors could bhe identifi.d and acted

upon by the policy makers. Fnergy demand forccasting in the detreloping
countries cannot be offectively separated from the issues of energy .

supply planning. The policy decisions the govermierrt has to meke on energy
and enargy-related issuos, often in other sectors of thc economy, have
far-reaching impect on the economic growth potential of the country

t.hrough their effects on the energy sectors and their investment and

import needs.

Inportant among these policy issues are (1) increascd mechanisation
and increased use of irrigation and fertiliscr in agriculture, (ii) use
of firewood, cowdung and agricultural wastos . for rural domestic fuel,
{i1i) rural olectrification for damestic and industrial use, (iv) use of
kerosene and liquifted petroleum gas (LPG) as domestic fuel in urban
areas, (v) freight movement by road transport vis-a-vis by railways,
(vi) dieselization visa-vis electrification of thc railways, (vii) use
of diegel buses vi-a-vis electric troliy buscs, street cars or
subways for urban mass transportation, (viii) pollution sbatement policies,
(ix) industrial strategy of basic heevy industrics producing capital
goods Vigma-vis lighl consumer good-producing industries and (x) provision
of apporant Juxuries such as the use of ait conditioning, refrigerators
or 'private automobiles for an affluent minority of the population visg-e~vis
oroviding the basic neesds for the masses on a priority besis.

These policy issues are highly important for the de:reloping countries
and they affect the energy sector and also the economic growth
potential of these countries, One of the objectives of energy planning
should be to focus on these issuss and determine their impact an the
~ oconony through on analysis of the interdependent structure of the eeonomy
and dynamic input-output analysis would be highly useful in this area



s 35 1

speciglly for soms of the developing countries which have constructed
reliable input-output tables for their esconomles. However, in using
dynamic input~output analysis we have to be careful that the input-output
matrix is periodically updated to rcfloct structural changes in the
economy taking place by the very process of economic development, The
input-output fremework should be also modified to include fuel
substitution possimlities in the production of the certain energy-
related sectors (e.g. nitrogenous fertilizers, petroleum réﬁning and
petro chemicals, steel production from ore and scrap, cr sponge iron,
aluminiug, industriol and domestic gas, etec.) through a linear
programming framework. It is also possible to carry out sensitivity
ana_.lyl'sia in this model ing framework to analyse the effects of relative
price changes for various energy forms and absolute increase in the
cost of energy. There is a nced for organizing research in this highly
pronising field of tinput-cutput modeling for energy planning' with
spcciel emphasls for the developing countries as much of tho present
. work in this arca is more relevant to developed economies with a more
or lecs stable economic structure,

Cne of the most importent areas, which is of special concern in
developing countries is energy demand forecasting for agriculture and
rural sectors where non-commercial fuels much as firewood, animal and
vegetable waste play a major role. Some of the useful problems and results
in this area have been disocussed by Makhijani, Parikh, Reddy and otherss
but more work is needed in this area to develop reliable norms of energy
consumption in rural areas for domestic cooking, lighting and foar agricul-
ture, The same is true for urban domestic demands for cooking, lighting,
refrigeration and airconditioning and also for urban transportation,

The use of i mputwoutput tables or end-use anproach for industrial demand
projection in developing countries appears to be a promising approach htut
field studies are needed to determine the best ways to prepare enargy-input
tables or develop output norms of industrial energy consumption by various

industries and agriculture,
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In most of the developed countries such as U.S.A., Canada, U.K,
and other Puropean countries the current approach seems to be the develop-
ment of comprehensive models of energy supply and demand sectors and obta-
ining an equilitrium solution. Often such models arc integrated with a des
cription of the general economy through an input output or an econometric
model, JFor various reasons discussed earlier, such comprehensive models
will be very difficult, if at all possible, to construct in the case of the
developing countries, There is the basic difficulty in getting adequate amount,
of reliable data for model estimation and also the need to update such
modeis qulte frequently with changes in the structure of the sconomy,
4 start could be made with simple regression models for demand forecasting
and other models for supply analysis in most of the developing countries,
However, for larger countries with better data .availalility, input-dutput
analyéis and construction of energy input-output tables hold a better
promise specially if some way is found to study the effects of relative
price changes on fuel substitution possibilities within tho framework
of input-output analysis. 4 closer concentration on supply modeling
through the use of optimization techniques w:1ll possibly benefit the
developing countries more in the long run than building sophisticated eco-
nometric models for demand estimatlion, But continued shortage of elsctricity
and often coal in I.dia and many other developlng countries suggests that long-
term demand forecasting based on ecconomic growth targets,. long-term
planning of investment needs in the energy sector, and close monitoring
of the capacity creation and capacity ubilization of energy facilities
is a basic necessity., This cannot be done only through the five-year
planning ﬁ'ame-work'being gractised in India and'many other develojing
countries but long-term impestment, analysis for 15-20 years must be
underteken which could be reviowed periodically following the ‘rolling
plan' concept recently introduced in India.
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195455
1955-56
1956-57
1957-58
1958-59
1959-60
1960-61
1961-62
1962-63
1963-64
1964-65
1965-66
1966-67
1967-68
1968-69
1969-70
1970-71
1971-72
1972-73
197374
1974~75
1975-76
1976-77

28,70
28450
28,00
30,70
34,60
36.10
35,70
40.40
44,10
49,10
48,60
48,30
51.80
52,30
54,50
53,00
56.66
55,70
55,91
60,03
59,91
65.86
69,92

Ne&e

3.66 7.60
3.96 8.40
4,66 9.40
4,67 10.20
5.22 11.80
5455 - 13,20
6.18 15,40
8.74 16.90
7446 19,37
8439 22457
8,65 25,21
9.29 27.76
9.94 30,56
10,62 A 33.21
11,28 36476
12,66 41,46
13.85 45,02
14,95 48.58
19,97 5252
21,75 55.05
22.35 56,435
22,04 59.12
22,45 66,94
24,10 Ne8.
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TABLE 2
- Total Consumption of Commercisg) Energy Fiel-wise
in million Tonnes of Coal Replacemept
Eear- T Eo;l- T Eli;. T Eﬂ.;c;rzczt;r T _'.I‘;t;]..' )
185354 28,70 23,81 7.60 80,1
1954~55 26450 254 77 8.40 62.7
195556 28,80  30.30 9.40 68,5
1956-57 30, 70 31,16 10,20 72.2
1957-58 34 .60 33493 - 11,80 80.3
1958-59 36410 26,15 . 13 .20 85 u4
. 1959-80 35470 40,07 15.40 91.2
196061 40440 43.86 16.90 101,2
1961~62 44.10 48,51 19.37 108.1
1962-83 49,10 54,53 22,57 126.2
196364 48,30 56.21 25.21 130,0
1964-65 48,20 60,41 27,76 136,4
1965-66  51.80 64,61 30,56 147.0
1968-67 52.30 £9.07 33.21 . 154,5
1967-68 54,50 73,35 36,76 164.6
196869 53.00 82,27 41,46 176.8
1969~70 56,66 90,08 45,02 191, 7
1870-71 55,70 97.19 48.58 197.0
1971~72 55,91 52,39
1972-73 60,03 113.724 55,05 228.8
1973-74 59,91 116,147 56,24 252.3
1974-75 65.86 117,270 58.98 242.1
1975-76 69,92 120,333 66.82 257.1
1976-77 n.8. 129,246 n.a,

Note: 1. Figures of consumption of coal do not include cogl ussed for
power generation,

2. 0il consumption does not include refinery -losses and refinery
boilar fuel,

3. The figures of consumption of oil do not include non energy
products, such as lubes & Greaves, Bitnmen, Naptha,
Petroleum, coke etc.
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1.

2.

4.

-

6.

7.

8.

Yoar

Steel Plants
{Coaking Coal)

Cement

Railways
Power Genaration
Briclmaking

Soft Goks
(for domestic use)

Export

Cthers including
colliery consumption

Total

1970-T1

17.30

Z,24
15,56
Jae.4b
!
"Z.84

edB
12,19

70,16

PAST COISUMPTION OF GOAL (UNITS: MILLION TONNES)
197172 1972~73 1975-7¢ 197575
17,00 19.00 18.66 18.51
3438 5,70 5,65 4,38
15,84 . 15.28 13,92 14.14
16,02 18.52 17,74 20,30
2,52 2.50 2,71 1.72
5,75 3,44 4.59 3,72
0,40 0.55 0.62 0.54
18.08 16,58 16.02 22,08
7193 78.55 77,85 88,16

TABLE 3

197576

20,96

4,44
14,30
25 .04
3,54
5,64

Dedd

22,70
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3
1972-73 1973-74 1974-75  1975-76 1976-77;
LIGHT ENDS
1, LPG 244 269 268 336 368
2. Motor spirit 1592 1507 1257 1277 1316
3, Naptha 1297 1534 1713 1836 2196
4. lwges/SBP/Others 168 174 157 150 162
5. Sib-total 3201 2484 3415 3599 4042
6. Keroseno 2516 3294 2809 3104 3322
7« sviation turbine fuel 816 778 - 831 897 956
8, HSDO : 4770 5404 8431 6597 7106
9, LDO 1446 1290 1071 891 1094
10, MTQ/JBO/Others 198 200 161 166 178
11, Sub-total 1074€ 10966 11303 11655 12656
FURNACE OIL
12. FO Mme.ﬂﬁua.v
13, FO (non-fertilizer)
14. Sub Total 5672 5912 5729 5780 5733
OTHZR PRODUCT
15, Bitumen - . 1109 1066 897 690 882
16. Iubes/CGroascs/Others 917 917 700 727 787
17. Sab-total 7698 7895 7326 2197 7402
18. GRAND TOTLL 21745 22345 22014 22451 24100

LUBES %.ooo tonnes)



, _ Rate of
1960-61 65-68 T70-71 71-72 72-73 75-74 T4=75 T5-76 Orowth
: over last
PDyears,
ieo,
75-78/65-66
A ndum 448 1,566 3,375 3,585 5,575 2,826 3,696 8,97%
Iron & Stesl 1,613 2,545 3,195 3,178 3,715 3,796 3,825 4,120 4,93%
Cotton Textiles 2,088 2,783 3,138 3,128 3,965 4,056 4,393 4,780 5.56%
. Fertiligers 477 1,828 2,531 2,791 2,918 3,115 3,048 4,473 9.35%
Chendcals 404 642 1,614 1,810 1,760 1,545 2,028 2,338 13,79%
Cement 936 1,059 1,371 1,448 1,318 1,284 1,509 1,754 5.18%
Papar 508 666 899 1,096 1,112 1,059 1,188 1,272 6.66%
Enginearing 208 839 989 836 942 1,216 15.1%
zgf;:; Listed 11387 16,962 179% 19137 18625 23,649 7.56%
Totel consump-
“tion by 12,659 22698 34,866 37,053 38176 38549 39,142 44218 6,9%
Industrics ' ‘

- s GB ey m @ W ae S e ws W =

Source: 1960-61, to 73-74 from P,D. Henderson: Ekiergy Sector Report;
Table 36 (updates), 72-75, 75-76, - C.E.i. Report
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TABIE 6
INDIL
POWER_TRANSMISSION PRQJECT IV

Mumber of Proportion of Number of Irrigation
WHllages " Total Villages pumpsets/Tubewells
March 31 Electrified (Percentages) Energlized (Thousands)
1950/51 3,100 , 0.5 21
1955/56 7,300 1.3 - 56
1960/61 - 21,700 3,8 198
1965/66 45,100 840 509
1968/69 73,700 13.0 1;081
1970/71 104,900 | 18.7 1,619
1971/72 122,100 ~ 21.6 1,890
1972/73 139,200 24,5 2,168
1973/ 74 156,000 2745 2,440
1974/75 165,500 29.2 2,633
1975/76 184, 714 30,26 2,786

Source: C.E.4. report
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*tABLE 7

Annual rate of g;gwth of ng;:g. clegn Products Congumption since 1972 to 77

1973-74  1974~75  1975-76 1976-77
Over 1972=T7T3 Over 1973~74 Over 1974-75 Over 1975-76

Products

Light distillates 5.54% («22) 5.39% 12.31%
Middle distillates 2.50% 3.07% 3.11% 8.59%
Furnace 0il 4.23% («2%) < 2% (%)
Other produects 2.56% (<2%) (-2%) 2.85%
All praoducts 2.76% (<2%2) <2% 7.34%

Selected Products

Motor spirit («28) - (<2%) 2% 3.05%
Kerosene (<2%) (<2%) 10.5% 73028
"HSDO 13.29% 19.00% ~ 2.58% 7.72%
~L.D.wW, («2%) (<2%) («28) 22,78%
Naphtha 18.27% 11.67% 7.18% 19.60%

LPG 10.25% 7.06% 16.67% 9.52%
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TABLE 8

Relative share in net elect;ig;tj-donsumption by different sectors

60-61 65-66 70-71 71-72 72-73

7374 74-75 75~76

Agricultural & 4,994 6.3% 9.2% 9,6% 12.1% 12.6% 14.7% 14.5%
Irrigation
Railway Traction 2.,7% .8,5% 2.8%4 3,1% 3.6% 3.14 2.9% 3.1%
Industry 73.7% 72.8% 70.0% 69.5% 65.7% 64.6% 62.1% 62.4%
Commercial 5.04 5.5%2 5.3% 5.9% 5.8% 6.0 5.8% 5.8%
Public Lighting 1.04 0.9% 1.0% 0.9% 1.1% 1.0¢ 1.1% 1.0%
Domestic 8.84 7.8%4 7.9% 7.9% 8.7% 9.2% 9.8% 9.7%
Public Water - - 3.8% 3.29 3.8%4 3.3% 3,04 3.5% 3.4% 3.6%
Works aand :
Miscallaneous

Total 100 100 100 100 100 100 100 100
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