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Chagto r - I 

.Ql!n_~orcial Enorc;;Y Consumption in Indian Industry: 

" patterns & pros0 ects 

IN TRO OUCTI ON 

1.1 Energy is crucial to all p reduction. Whereas its 

abundant supply can create favourable conditions for growth, 

anergy shortages con adversely affect both production and 

productivity. It is in the contoxt of tho planned 

objective of rapid growth thnt in India, energy sector 

has received large plan allocations~ Total oXp enditure 

on Enor'JY sector for the Sixth plan is oxrocted to exceed 

30 pGr cent of total plan outlay. 

1. 2 Commercial Energy Consumption in India has 

increased six-fold during the last thirty years. Between 

1953-54 and 100D-01, tho annual growth rate of' 

commercial energy consumption was 6.7 per cont. Industrial 

sector is a major user of commercial energy in India. 

It accounts for 40 per cent of total commercial energy 

consum;Jtion whereas it p l"..J duces only 10 per cent of GNp. 

High,lcvel of commercial anergy consumption is duo to our 

more ene rgy-int.onsive indust riat r roduct mix such as st 8'-'l, 

cement, ammonia, aluminium, pulp and paper, fertilizers, 

chemicals ancl refined petroleum products. Energy 

intensities have also increased in tho economy in general 

and industrial sector in particu~a,r. High levels of onorgy 

int onsj. ties coJnpa.:L';Jd to many . dovelopcd eoun trios 
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and newly industrializing developing countries refloct 

dirforoncos between manufacturing process, the product 

mix, tho type of energy source, the scala of_ plant and 

tho general efficiency of enorgy use. 

1. 3 ,f\nothor imrortant determinant of the share of 

encHCJY in total product cost is tho price of energy. 

Tho difforsntial prices of different types of energy 

affect their rEspective con~;umption in vorious sectors~ 

It is essential to bG aw2re of tho Jmpact of changing 

enor;y ;Jricing structure for f:Jrmulating ap;JD.Jpriate 

onorgy pDlicies. 

1 " 4 T h e s p e c i f i c p u rp o s e o f t his s t u d y ,i. s to 

describe and explain trends in commercial energy 

consum~,tion and analyze the factC?rs affecting energy 

consumption. As the energy is consumed in the process 

:Jf pro~Juction of Q:Jods and servicds, its close relation-

shio with the overall growth c;f thll economy and the 
I 

sectoral growth of mining and !1Hlr;ufacturing has been 

examinc:d., 

1~5 Use of energy in the industriel sllctor· is the 

result of two inter- rel at od f 9c'to rs-:. st ructuro of the 

sector and intensity of energy use. Both structural 

and intensity characteristics aro themselves 

manifestations of a variety of factors. An attempt 

has been m ado to study the im;J act of changing 

industr.ia1. st.vuctll.l'e on th.e dGmand for commGrcial 
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energy in gonoral and thab on Va:cious commercial fuels 

in particular. Trends in fuel-t.Jise ~nargy consumption 

in manufacturing in tho first three decades of planning 

h~V-:J bc;on analyzed and a basis established for projecting 

future dcme.nd. A detailed examination of the heaviest 

enargy-using industries has beon carried out with the 

principo.l focus on production processes, technoligies 

and other significant factors .. A key elGfTlGnt of the 

ap!JrcJach is the celculation of ratiDs of anergy use p8r 

unit of value added at constant prices. 

Energ~ substitution is an integral part of .. 
: 

eno:rg~' menagemento To identify jntor, .. fud substitution 

po:3sibilitios 7 t:;:-ands in f'Jel sl'bstih!tion heve been 

studied. Tho ondcavo ur hF.;S been to analyze, int or alia, 

tho effect of increaso in energy prices and othor 

oconomic factors on the fo:rm of anergy consumod. An 

exeminc:·t.ion of the chc11ging consumption pattern of 

commercial· energy .in tho Sixth pl3,1 illuminates the 

dynamics of dcmc:nd ch.:::nges and tho uso of commercial 

unorgy in tho industrial suctor as envisaged by our 

plennErs. Enorgy ufficioncy of our industries is 

another important issue which ha~ been probed in detail. 

forecast of C::Jinmorqial ono:rqy dorn<Jnd for the industry 

sector is a difficult tas~. Efforts havo been made to 

project commercial enorgy r0qui:rements for thG SevGnth 

plan end beyond. 
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Approa.ch a~ethod: 

•• . . -

1.7 Basic D.§ls.: Energy Survc;y of India Committeo 

R~:;;port, 19i5 and Fuel policy Committoe Report 1974 

pro vj de fucl-LJisG comm urcial energy consumption both 

global as well as s8ct:~ral. upto 1970-71. This has 

boun supplcmcntod with the data on· Electricity, 

Petroloum,and Coal statistics from the mnual 

publicotions. National .Accounts Statistics furnish 

GOP statistics for the economy and its sectors.. These 

and n2tional and sectoral growth. 

1.8 The best set of data on on8rgy con-sumption in 

terms of comprebonsivonGss of coverage, comparability 

across industrios and over ~imo, and availability of 

data over a large number of yoars is ;Jra\i.ridod by c.s.o. 

Tho basic histDrical data for the major industries has 

been dorivcd from the Census of Manufacturing from 

1946 to 1958 and from Annual Survey of Industries 
~ 

(Consus SoctoF) from 1959 to 1973. EnBrgy ~onsumotion . . 
is reported both in tho cunsus es well as surVQY,. in 

torms of specific physicnl quc"ntj•~i-~s and in value 

terms. The: census was confined to 28 industries but 

the coven~go was widened to 63 industry groups with 

the introducti:Jn of ASI in 1959. This classification 

has, bowevor, undergone a chango since :1973-74. Tha 

dotailcd results (census soctor) published in 10 
1973-74 

volumos .2Te aveilablo ,," uptc · ~)nly~ 

• 0 ~ 5/. 
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1.9 Historical Gnergy c:Jnsumption data on the 

census and Survey basis has been tabulated for 

analysing tho changing energy utilisation patterns 

and :.;ncrgy intensities of large energy consuming 

industries which include textiles, fertilizers, 

ccrn..Jnt, iron & steel, non-ferrous basic mot8ls, 

rofracto ric s, inorganic heavy chemicals, pulp and 

D a, cr, etc. hnve bGcn wo rkod out to study the chcngir~g 

trcn;:-l :Jf onorgy consumption under the influence of 

changing pracluct-mix 1 technology r;nd :JthGr economic 

and non-economic factors. 

1. 10 A close appraisal of the pattern of anergy use 

in tho seventies has bu:m done on tho basis of 

disaggNgatocJ consumpti:Jn data avnilable in the annual 

publications es well as th8 input~output table estimatod 

for 1979-80 and p rojoctod I-0 t'"'·~-~ a i'o:r 1984-85 in tho 
the 

technical note onLSixth plan .. 

~1 ot ho dolo 91. 

1.11 Tr0nds in comme:rcial energy consumption have 

boon analyzed for the yoars 1953-~980 comi=iuting rates 

of gmwth of commGrcial Gnergy fuol-t.Jiso as well as 

for tho total energy both for tho E::ho rt-term and 

for thu long-tcirm. Energy-GOp elasticitios for the 

various p8riods and their comparison with the 

d ov ol oped count rios helr to ox amine fu ol ut il izatio n 

officicncy in tho economy as a whole and tho industry 

so cto r in p 2 rti cul aT'., 
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1.12 Rogressbn modols (both linear and 

exp:lnentinl) _: :relating ~norgy consumption with 

nctivity lovols have been studied to examine the 
degree 

no:turo of relationship Md tho of causation. 

1.13 tASI data has also helped to study the 

che:nging consumpti:Jn norms .(EneJ?gyjOutput) and the 

into r-f uul substitution. Tho quest ion of into r- fuel 

substitution has boen lo~k~::ld inta by reviewing a 

variety of published infurination on the subject. 

Th8 quo sti·:) n of eno rgy officic ncy in Mining and 

Manufacturing he.s been addrosse:c in a sGrarate 

chc::;:Jtor nnd tho factors ro~ponsiblo for low 

off j,cioncios analyzed. Tho impact of one rgy prices 

on thu anergy consumption pattern has be~m assessed 

through availabl5 ost.imatos of pric_~-:-.i;lt~ticities 
' 

and cross-elasticities from some recent studies. 

1.14 Two methods h.svo bo'J'l u.s;::.cl for :Jrojocting 

the cornmcn:ciErl une:I;g)' demand tu:r: 1989-90 and 1994-95 • .. 
ThGso arc (i) Nacro - moth:Jcl using thor-simple 

/.between value adc!od 
rolutionshipL,and onorgy intEJnsitiGs; and (ii) End-use 

method lJhich uses tho Gnergy consumption noms and 

tho production targets fer WJrking out tho onorgy 

roquirom Gnt. 

Datu Limitations 

A major handicap to :J u r analysis and 

projections of energy use in industry has been tho 

n:Jn-ave.ilability of roccnt {\51 cntn. OthEr sources 

do not :).:rovid.J dlsagg.rego-le.cl data fot- the consumption of 
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different foims of commercial energy particularly 

for tho less energy intensive industries. Working 

Group on Energy Policy, 1979 studied tho energy 

porspective and prujocted tho energy demand upto the 

Y oar 2000-01. Tho cn&rgy consumption 1 ovol during 

Sixth plan has proved many of WG£p assumptions 

untrue. This was clearly bucausc WGEP p roj actions 

wore made in tho absence of appropriate and 

comprehensive ond-uso c::Jnsumptbn data on different 

enorgy fuels for the seventies. The data position 

has not substantially changed since then. 

1.16 A second ancl most important limitation is 

thst tho in{~ustry sector in Inclia consists of two 

distinct !Jarts- one roferrud to as the rogistorod 
c 

sector consisting of fncbJrit:s registered under tho 

I.Jhilo ASI covers tho total fe:ctory sector, its. census 

se:;ctor doos not cover more than 80-85 per cent of 

t h a fa.cto ry sB cto r. Tho m o.grdt udG of the un rogi stored 

sE::.Jct"r. is very imiJortant in .so fsr as tho unregistered 

socto r is a significant contributor to tho total 

industricl productbn an.d contributos ovor one-third 

of tho totol value-added. While this sub-sector of 

industry c8ns.umo s non-comm o rei al eno rgy hoav ily, its 

comm;:ncial onu rgy consumption pattern has also changed 

'Jith groah.:r con:::umptbn uf c.1 oct;;:-icity and coal. 
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However, thoro is <J completG ;Jack of 
commerci<Jl energy 

inform8tion on thcirLc:Jnsumptian pattern. It is, 

thorefore, difficult rathor impossible to hazard 

a guess on the efficiuncy of commercial energy usa 
important 

in thisLsogment of ind_ustry. 

1.17 A caveat may be en to red in the boginning 

itself that tho study hes c~nccntratod on tha 

consumption pcttorn and not on unurgy demand. 

Th;.:;re is, undoubtoduly, a substanticl level of 

supprossod c!emand for coal and powor in many 

industries end with the available data base, it is 

not possible to idGntify this gsp in consumption 

and r::;al dsmnnd. The question of anergy shortages 

has also not boon takon up. 

Conco0 tual Questions g_f_Enorgy Usu 

1.18 Tho concootua.l :Jiobloms rola7.:i_ng to tho 
r 1 

convorsion factors, officioncy criteria, price 

cJcflato rs for deflating valus-:}:;jGd se rios havo been 

ros:Jl\Jod :Jn tho basis of omnurr.i.-; ~nr.:.\ toohnical 
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Trends in Comme-.rci~l El}ergy (bnsum0 tion 

. 
2.1 Commercial Energy provides the bulk of 

re qui rem ents for modern industrial so ci et y. The 

conventional* sources of energy, sold in the course 

o f co min e rc e o r p ro v i d ed by a p u bl i c uti 1 it y , a re co al 

(including lignite); petroleum (including fuel oil, 

gasoline, kerosine, diesel fuel, natural gas and 

liquifiod petroleum gas); and elect1·icity generated 

by burning one or other of those fuels, or from hydro 

or nucloar power. 

2.2 Tho share of commercial ener:,gy in the total 

onorgy consumption has been increasing over tho past 

three docades. A statistical roviow of the 

consumption of commercial onorgy in India during tho 

last threo decades would rrovide a good basis for 

forecasting tho enorgy requ~rements of the future 

commensurate with our development objoctivos and 

immediate and longer tonn needs. An analysis of the 

trends of energy cnnsurnption would also help in 

understanding the causes and sonsoqucnces of such 

consumption particularly in tho industrial sector 

so that measures aro taken to rationalize the energy 

consumption through, inter alia, conservation and 

impmvod energy management. Tho onalysis covers 

tho throe principal forms of Gnorgy, viz. coal, oil 

and electricity. 

·-----~----

* Wood is not included in this category although it 
w8 s GXtensivoly usod in the :.Je.st, and still is to 
som o oxt ant 1 for industrial pu r;.1o sos. Co nv entia nal 
ond c:Jmmorcial Gnorg~' is thus Vil·tually synonymous. 



primary and Secondary forms of En.§.!9..'i_ 

2.3 Commorcial unorgy is divided into two forms 1 

primary and secondary. The primary fonns of anergy 

aro a gift of nature in which thare has been no 

chemical transformation before usc like coal, oil, 

solar, falling water, ate. Secondary forms of anergy 

are produced by transformation of the primary forms., 

Hydropower is regarded as primary anergy and tht:rrnal-

generated p:Jwer as so.£:";ondary** oncr<;-)Y• .Similarly 
. ./ 

refined oil produets are secondary for:ms. 

Unit of Measuromont 

2.4 For purposes of aggregating thu quantitio.s of 

enurgy obtnined from difforont onorgy sources, it is 

necessary t:J adopt a common unit of measuromonto 

Unitod Nations usos coql equil,elunt tonn,.:J as the unit 

of measure. In India, however, the Energy Survuy 

Committoo 1965 which first studied the trends in 

onur9y consumfJtion adoiJtod the tcuGl ronlacemont 

tonnar ns tho common m..easure. Sincr;J than tho 

concept of million tonnos of coal re~lacemont 

(mtcr) has bE.Jt.m used by other Comrnit+.ees and groursc 

This measure takes nota of not only tho quantity of 

hect value available in tho diffei"ent fuels used 

but also of tho verying efficicnc.y in tho nppliancos 

e!'T'.;Jl oy od. mt c r gives tho amou n:r. of coal that wo ul.1 

** Nudcar power is commonly refGrred to as 
primary enr:JrsJY ~lthough this cc1es not 
accord wit!~ c. strict int.orpret~tion of · 
!:h.; definitL:;n~ 
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have been needed in the ecanomy if no other 

source of enc:rgy woro available~ The concept is 

of particular rol ovanco in India wh~Jre the _majo·r 

energy source is csal and the maju r policy 

quostion is how much coal is required to replace 

a particular fuel. Tho mtcr for a fuel is computed 

as undc r: 

(efficiency in uso) Calo ri fie Value 
mtcr fuol = fuel X 

{ officle.ncy in use) --------
Coal Calorific Value 

It is assumscl that calorific value :Jf coal in 

India is equal to 5000 K cal/kg ~ The rates of 

conversbn of difforont moasurus of energy in 

their original units to coal r<Jpl 'iCGm;:;nt and 

coel c-c;ui.11alont are set out in Tabla 2.1. 

2.5 In the ;Jn3sent. study of pattern of commorcial 

energy uso we have made use of mtcr conversions. 

It is, however, felt th<1t mtcrs should be comruted 

anc! periodically upc~atad for each incividual 

of fuel'l 

of Coal 
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Co.§ll Replacement,_.,§nd Eguiv al ents_£f Oi ffe rent Fuels 

-------------~------------------------~~---~------~---~--FueJ::s 0 :dginal 
Unit 

Coal equivalent 
in m. tonnes 
mtce 

Coal replc: 
cement in 
m .. tonnes 
mtcr 

-------~~-----~------~-----------------------------------

Coal 1 mt 10 0 1oO 

Hard Coke 1 mt 1 to 3 1.0 

Scft-Coke 1 mt 1Q5 1.5 

J:~ rewoo d 
(4750 K Cal/ kg) 1 mt Oo95 0.,95 

Charco aJ. 
(6 900 .K Calf kg) 1 mt ·t., J 1oO 

Oil products 
I 1 0 K Cal/kg) · \ 'o, 0 0 

Black products 
( i" e. FO/ RBF/LSHS/ 

1. mt 2.0 2.0 HHS) 

Karosene & LpG 1 mt '2 .. 0 Oo3 

HSOO 0 LOO 1 mt. 2:.C 9.0 a: 

Motor Spi.g"it & 
Jet Fuel 1 mt 2vO 7.5 

Natural Gas 
1o9m3 3.6 

(9000 I< Cal/ kg) 1o0 

Electricity 1o9KtJH 1. 0 1. 0 
•. ,- .... ·- _____ r-_._ _____________ .... __ ~ ____ ,. .... _______ ____ ...._ .............. ______ ~----------

Note:; Coking Coal 664C!< Cal/kg~ Non-Coking Coal 
used in steam ger:Gl.'J.t5.:..::r 5000 K Cal/kg) 

Sou;:·ce~ Report of the Fuel Policy Committee, 1974 
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2.6 Tht! consumption of commercial .-mergy during 

the periorJ 1953-54 to 1980-81 is shown fuolwise in 

o rigin2l units in T·::blc 2. 2, in million tonnqs of. 

coal ropl2cemont units in L."blc 2..,.~~ .::n:::! tile pr.:'rccmt 2ge 

share of differGnt fuels in commGrcial energy consumption 

in T ablo 2" 4o 

2.7 TabJ.o 2.4 shows that thG shc:re of coal stoajily 

decreaso:J while the share of elect-ricity have increased 

botwoon 1S53-54 and 1970-71. The share of oil which also 

incrt:Jasocl c'Jnsistently until 1972~-73 startod dc:clining in 

1S73-74.. Tho trend was ro'w'ersed in 1976-77 and tho sharo 

of oil in t~tal onorgy consumption wont up to 49.47 ;JOrcont 

in 1980-81. 

2.8 An analysis of tho trc:ndsJ fur;:l-wis3 jndicatus 

that ovor thu puriod1S53-FiLt tc1 ~970-71 the growth in the 

consumption of oil pro~\11cts and u}c.:,ct~icity was rulatively 

mo ro r<:1pid thnn consumption of coal .. Jn tho ::JGriod 
I 

1970-71 to 1S75-76, thorf; was a srJurt in the coal 

consumption· and a c.!oclino in tho gr...,wth of oil and 

cloctricity'o- Thorw was G. rovursal of this trend and the 

g ro v1th of oil an ci oloctr ici ty co nsum pt ic., n a;) sin ;1icked 

up in tho next fivo yccrs. Tho details of tho ratos of 

gr;Jwth during the differont sub-periods :::lf tno thrEJe 

princi.,cl sourcos of anergy oro givon in Ta~lo 2.5. 
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Total Consumption of Commercial Energy Fuel ... Wise 

------------------------~· ... ------------.(~~-£!~~~-~ ~~ --.ll.~~ ~-s )_~--
Year ~oa~ Oil Oectricity 

mllllon million TWH 
____ . tonnes tonnes 

...--._------- ................ ,__ --~--·-·-·· •• ~~ ... ·--~~--·. -~-'-···-··--··------ ~ - .................... -~- .... .,.- ..... .,.~ ...... -----------........... p .. _ 

1 953--54 20.7 0 3. 56 7.60 
1954-55 20.50 3.,96 0.40 
1955-56 2o.oo 4.,.66 9.40 
1 956-57 30.70 4~67 10.20 
1957-50 34.60 5~22 11o0C 
1950-59 36 C\ ~0 5.,55 13.20 
195 9~6 0 35~70 6 0 16 15.40 
196 0-61 40.40 6.,74 16.9C 
1961-6 2. 44 ~ 1C 7~46 19.37 
196 2-6 3 49 .. 10 Du39 22o5; 
196 3-64 40"6C 0,65 25.21 
1964-6 5 40o 3(' 9.29 '27. 76 
196 5-66 51.0C 9"94 30"'56 
1Cj66-67 s2.::o 1c.62 33.21 
1967-6 0 54-50 1;,. 20 36 0 76 
1960-69 53.00 ~ 2~66 41e~46 

1969-70 56 0 66 1 ~0 05 4s.o.z 
~ 97 0-71 51.3.3 14" 95 40o 65 
1971-72 54.14 ~ S,_, 9/2 51.'25 
197 2-7 3 53~. ~4 -~ !' '~ ~=i 5 f'4CI 15 

197 3-7 4 59.S1 ~ 7. [:6 E5.,52 
197 4-7 5 G7 o ~0 ";? .. 30 50.17 
1975-76 7 0.96 ~7 0 7 9 65.97 
1976-77 71.4C "'0.03 73c03 
1977-78 7 5. 06 :o.o6 76. 00 
197 0-7 9 60.00 21.70 [}4.20 
1979-00 71. 9C 22.07 86.37 
1900-01 77<#40 25.:10 89.79 ..,. ___________ .,.. ______ ~ _________ ,... __________ , _ ___, ___ ..,....J __ ., ____ ---... 

Note: Coal consumption excludes use of coal for colliery 
consumption and power generation; consumption of oil 
excludes oil used for ~ower gene:ratiofl and non-energy f 

purposes and refinery ~asses; cnnsump-cion of electricit: 
.is at the consumer end. /1 

SoJJ~'cAs~ Throt 1~170~.~9 Fuel policy C.:Jmmittoe Report 1974 end 
Working Group on Ener-;y pcJ.icy 1979,. Figures for 
the yeai's 1979-JO and 1'7(.<i··G1 have been obtained fro1 
Various armual !Jublice+,.: . .J'lS viz .. · ·'-

rAJ 1 Irt~5_a' =::--.<L .'~/~; :~+::i s7-ics; Indian petroleum 
ar1d potrCJ.-cnsn·;..:. . ..:_·_:._; :);at..i.stics; and General 
~eview :Jf p1..:bl:1c .~;_s')tJ·icity SU[Jply. 



T.P\BL E 2<. 3 __ .........., _____ 

Total Consumgtion of Commercial Ener Fuel-Wise 
(B,illion To[lnes of Coal Rep~~ · 

---~~~--~~~-~-~-~-~-~-~--~-~~-~~-~~~~--~~--~··~-~-----~-~--~-~ 
Year Coal Oil Electricity Total 

-------------------------------------------------------------
1953-54 20(1 70 23.00 7o60 60c11 

1954-55 20.50 25.,73 8.40 62.67 

1955-56 20.,00 30.30 9.40 60o50 

1956-57 30.70 31.16 1 o. 20 72o 06 

1957-50 34.60 33.93 11o00 00.33 

1950..,59 36~ io 36.13 13o 20 05.43 

1959-60 35o 70 4o.o7 15.,40 91o17 

196 o-61 40.40 43.86 16 0 90 1 01. 16 

1961-6 2 44.10 40.51 19o37 111.90 

196 2-6 3 49.10 54.53 22'>57 126.20 

1963-64 40.60 66.21 25.21 130.02 

1964-65 40"30 60.41 27 \) 76 136.47 

1965-66 51.00 64,.61 30~56 146.97 

1966-67 52.30 69,.07 33.21 154.50 

1967-60 54o50 7 30 35 36 0 76 164.61 

1960-69 53o00 02.,27 41;.46 176 0 7 3 

i 969 .... 70 56.66 90._06 <159 02 191-74 

197 0-71 51 :t 35 97" 19 Ll.8~65 197 .. 19 

1971-72 54.14 103o40 51.25 20'le07' 

1972-7 3 53.14 110~03 54.15 210.121 

197 3-74 59.91 114,14 55.52 229.57. 

197 4-75 67.10 112. 45 50"17 237.72 

197 5 ... 76 70.96 115., 64 65,. 9? 252.57 

1976-.7 7 71.40 122440 73(' 03 266.03' 

197 7-70 75,136 130\) 39 76.00 202.25 

1970 ... 7 9 6G\)00 141o05 04.20 294.05 

197 9-GO 71,.90 140.66 06" 37 307.01 
I 

1900-01 77<140 ·163~67 Ll9 "7 9 330.86 

___ ,_ ____ .... __ ... __ .... _ _..,_ ... _ .. ____ -~---~-----~--·--· --- ....... _,_, ... ___ , _______ .. ---------------'"':"'"'~ 
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TABLE 2.4 

•• . . -

I£endf!__ln Share of Different Energy Farms in 
TotaJ:_ Commercial ~nergy Co_nsum 0 tion--

~----~~------~~~~~--------~~~--~--~--~~~~~~------------~-~~ 
' · percentage ~hare in total commercial energy 

co nsumQ.t io:._:.n _______ _ 

Yeo.r Coal Oil Electricity ...... "'.- -·..-.. ------···------------------#. .... _ .. __ . ----....----4- _.., _____ ; ____ ... __ ..................... --·~-- ... --- -~--
1953-,54 47 .. 75 39o61 12.64 

1954-55 45.40 41.12 13.40 

1955-56 42.04 44!123 13.73 

1 95 6.,. 57 42.60 43o24 14.16 

1957-50 43.07 421l:iA 14.69 

195'. r-o U·<J:;) 42.26 42 0 29 15.45 

'1959-SO 39~16 43<:.95 16.09 

"196 Q.-.61 39.94 43o36 16 e 70 

1961.,62 39.38 431)32 17~30 

1962...6 3 30.91 43c 21 17.00 

196 3-6 4 37. 3[ 43,23 19.39 

196 4-65 35.39 44.27 zo.34 

1965.~66 35.25 43&96 20.79 

1966-67 33"03 44.60 21.49 

']967-60 33"11 44,.56 22.33 

1960-69 29.99 46 0 55 23.46 

196 9-70 29.55 46"97 23.40 

1970-71 2s- o4 49,29 24.67 

1971-7 2 25,.92 49,.5/.J. 24.54 

197 2-73 24.36 52..,25 24.03 

1973-74 26,10 4S~~;2 24.10 

197 4-75 20~23 ~7 0 30 24o47 

197 5-76 20.10 45-.79 26.12 

1976-77 26.,76 45co07 27.37 

1977-70 26 .co 46 0 20 26.92 

1970-·79 23.40 47.97 20.63 

197 9-GO 23.45 40.,42 20.13 

1900-01 23.39 49o47 27.14 

---·--:.---4---~·-~ ..... ---~-~---- .... ----- ----- -·'-· ...... ---· --·-·· -~---_ ............. ----·------.... 
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2 • 9 The anal y sis o f tho t re n d s in one rg y 

consumption for the fivo year sub-periods between 

1S153-54 to 1970-71 shows that there has been no 

dramatic change in thG pattern of energy consumption. 

The !loriod botwotJn 1970-75, howevGr, shows a 

significant change in the oil consum:Jtion trend due 
t 

to very largo incronsa in tho 'Jrico of oil products. ,. 

In 1 S7 2 coal industry was nationalised and this was 

also oX;.JGcted to have made an im;Jact on the coal 

consumption in the coming yoars.. Table 2 0 6 gives 

th a y oar-wise con sum i)tion r.f coal; oil and electricity 

for tho period 197Q-71 to 1S80-81 which reveals that 

tho pattern of energy consumption has been undergoing 

a process of difficult adjustments in response to 

of nctivity in tho consuming sectors., 

2.10 The incroaso or Jocreasu of tut81 cr)r.linorcinJ,. 

energy consumption or tho consumpti:::m of s;Jecific 

anergy forms is tho result of a complc,xsat of 

factors like tho level of activity in tho anergy 

consuming socto rs, tho availability of cliffe rent 

fuels, their relative prices, technological changes 

in chu soct.ors, changes in the composition and 

quality cJf ::Jut;lut in tho sectort population· growth, 

th<': c:o•;reo of urbanisati:Jn and charging life .... stylos. 

In aJ~ition to those f9ctors which are common to all 

do v elop G c CD untric, s, in c' -;:.;V cl c:; in g .;:.J unt r ios 1 ik o 
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La.lli:..S..k.§. 

.. .. -

fonsumption of Commercial~rgy 197Q-71 to 1900-01 

~~-~~-~-~-~--~--~---~~-~-~~~·-~~~--Year Coal % cha1 g e oil -----%-~h~g;--E.lacir.C%-~i1ai"9 
(million over (Million over city over 
tonnes) consump~ion tonnes) consump- (TWH) consump 

o f p rev iu us t io n o f t ion of 
year previous previous 

-------------~--·~------------~---~------'L!'!~!'-------------¥.~~E---

·1 s7o-71 51.35 14.95 40.65 

1971-72 54.14 5.4 15.92 6.5 51.25 5. 3 

1972-73 53.14 - 1415 17 ,o.5 7 01 54.15 5.7 

197 3-74 59.~91 12.2 17 0 56 3::0 55.52 2.5 

197 4-75 67"' 10 12. 0 17.30 - 3~5 50.17 4.0 

197 5-76 70.96 5.0 17.79 2.0 65.97 13.4 

1976-77 71.40 o.6 10.03 5~o 73.03 10.7 

1977-70 75,06 6.2 20o06 6 .. 5 76.00 4.0 

1970-79 6o.co - 9. 3 21.70 Go2 04.20 11. 1 

197 S-00 71.90 4.6 22.07 5o4 06.37 2.6 

1900-01 77.40 7.5 25.10 10,10 09.79 4.0 

---------.... .,.;--~---------------... --.,----.;--------·----·;· .. ---....... __. ___________ _._ 
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IncJia, the rate of substitution of non-commercial 

fuel by commercial ~nergy also affects the quantity 

:~f commurcial anergy consumod. 

2.11 Enorgy is consumed in the process of 

production of goods and services. The consumption 

of energy, thorofare, has a close relationship with 

the overall growth of the economy or the national 

income. In India a major portion of the commercial 

energy is consumod by the Mining and Manufacturing 

ond Transport sectors. The laval of activity in 

tho Transport sector·in turn is greatly dependent 

upon f1roductbn in tho mining and manufacturing 

sector. A close relationship botwen the total 

energy consumption and tho income generated in the 

industrial sector also exist~ However, variations 

in industrial energy consumption may be duo to 

throe vory.sopnrate factors: absolute outnutchanges, 

structural changes or energy intensity changes. 

Quo to indivisibilitios in energy-using equipmGnt 

such as boilc.:rs, reduction in outputs may result in 

higher energy coefficients per unit of output. While 

incrr:asing Gnorgy consumption has a clear linkage 

with economic progress, an examinatio~ of this 

.relationship moro closely in the context of economic 

dcv oloom ant is useful for oval uating energy resources. 
I 

jevolopmont strategies for various energy prodblcing 

soct:Jrs. A I'CJU:Jh idea of this relationship can bo 

h8d from the ratos of growth of commercial energy and 

tho ratos of ;rowth of GO;J and Value added in industry. 

Tnblo 2.7 givos those l.'::tos Df ~rowth in tho different 
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Rates.of GroLJth of Commercial Energy GOp and 
Val~dded in_L~du~try~j953-Ji4 to

1
19G0-01 - --------

(AVe ra...9. e Annual Com o und 

---~--~-~-------------~~--~~~~-~~~-------~-----~----~~--~~~~-~-
Rates of growth of co nsump- Rates of 
tion of Growth 

p 
8 

rio d T '? t :1 (bmne~ Co al 0 il £l e ct r i- G5'-p-.r-~al.,.._.u-e--1 
c;J.e ... ~> city Added i 
Energy .. Industr 

________ ...,._ ...... ________ ..,. ______ ..., ___ .,.. ____ .......... - ... - ........ ---------... l ~--------- .... --11 

____ ... ______ , ______________________________ ... ___________ ... __________ ... _....,. 

Short- t.§E]_ 

1953-54 to 60-61 7.71 fj. 0 
b>)lO 

9.12 12., 09 3., 9 6.0 

1960-61 to 65-66 7.76 C\.,OS 12.,60 2.7 7.3 

196 5-66 to ?o.-71 6.05 -Oa20 D._. 3"1 9. 70 4.9 3r-2 

1970-71 to 75-76 5..,21 6 • 2G 3,; 50 6 •• 30 3., 1 3.,4 

197 5-76 to oo ... D1 5.,6 'i ;· 0 7,3 6.,4 3.,4 4.9 

Long-te:m~ 

1 953-54 to 70-71 7.23 3.48 0;')62 11.51 3.0 5;o0 

1953-54 to 75-76 6.70 4.,20 7 .. 50 1 o~ 33 3.6 5o3 

1953-54 to 00-01 6.,5 3.,0 7.4 9.,6 3.6 5. 2 

196Q-61 to 70-71 6.09 2,.43 0.20 11.-.10 3 .. 7 5.,2 

.19'6Q-61 to 75-76 6. 35 3~ 03 6.61 9.51 3. 5 4.6 

196 o-61 to oo-o1 6.1 3.,3 6~0 0,7 3.5 4e7 

-------------------------· ... ----------------------.------------~------
* (at 1S70-71 pricos) 

2.12 The ratos of increase 'Jf total cummorcinl energy over 

the lonl.:J run follows tho same tren.c~ as thet of GOP as well as 

of Value added in industry. Such,sirnilarities are, however, 

not noticGd in tho cJiffGrent sub-,)sr::.oc's. This is due to 

the sharp variations in the Ene rgy-GDP elasticity in the 

different :Jeriods as woulcl bu seen from Tabla 2.8~ However, 
! 

thu long-torm onergy .. GDp alasticity coefficients show a 

remarkable stability varying marginally nround 1.8 and a 

is ~~~co rnibl u, 

i!'Oi~~~·;:·,::,;~~~ .-n 'l2 0 
. t: (;~" . '!~;\} I 11 , .-I · 
> ,,:,1_ 'llly"f) ~~. 
·,, ·. .~-; ... 

- J~~ 
\""1- .. ~'i. 

ve rv l n ;,: rn ='u ctiG n o 1.1u r time 
. DISS 

333.7916 
Si645 Co 

~II a 1l11 ;~~~~~~ l lill\11111 \ illlil 

.. I 

TH1720 
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2.13 The anergy-GO!-l elasticity coofficiunt in India 

is high comiJerad to devaloped court rius whera it is 
\ 

lowor than unity (Table 2.8 "1) dua to gradual increase 

in fuol utilisation efficiency. In India, a part of 

tho 8;-JiJarcnt increase in energy consumption is due to 

the s~bstitution of commercial energy for non­

commurcial fuels, LJ.Qoso utilisation is not taken into 

account in the computation of tho energy-GOP elasticity 

coefficients. Significantlyy howcv,n, a vory small 

docrcJasing trond in tho elasticity ~::ocfficient is 

no tGW~J rt hy. 

The International Institute of Applied Systems . 
,J\nnlysis (IIf\SA) at Vienna has computed commercial 

en orgy: GOP el ast ici ti os for the period 1950·~ 1 S? 5 for 

various regions of the world as shown bolo W0 India's 

estimate is also included in the table for tho rurroso 

of comparison •. 

Regia!!. 

North Am a rica 
CONE CON 

Oo04 
0.60 

West Europa 
Japan, Australia&· Now Aaaland G.L4 
Latin America 1.~21 

Africa, s.E. Asia and South 
Middle East, North Africa 
Chinn~ Men c;ol ia 
World 

India 
( 1 953-70) 

,,L1 .si2 ·]" ~2 
1 n •]? 

1., 5 ~1 
o~B? 

10 35 
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E~gy-GDp Elasticity Coefficients in India ------

_.,.. ____ ----- ____ ,. ________ ,.. ... _•···-,_-~--......,,-.--_. .• • --·-----·-· -r-...-....,. •··~--·-~-~---

1953-54 to 1960-61 1,.90 
196Q~.61 to 1965~66 2.07 
'196 5 .• 66 to 1970-71 10 23 
1 97 0-71 to 1975-76 10 71 
1975 .. 76 to 19GQ. .. G1 1.6 5 

1 953-54 to 197~71 1" 90 
1953-54 to 1975-76 ·; .. oo 
1953-54 to 19GD-G1 1. 0 '1 

196 0-61 to 1970-71 ., ~ 05 

1 96 0-61 to 197 5 ... 76 1. 01 
196 o-61 to 1900.-.01 1 ') 7 4 ------- , ... ----·----..-... ----------·--~---- _________ .....,. ____ .,._ 

T_fi,BL E 2 •. G., 'l 

~-------- ... -tr.a' .... ______ , ___ _..... _______ f_C_l __ .-g&oof----~-------.... --. 
Country Energy-GOp Elasticity Coefficient 

1953 to 1970 .,.. ___________ ... _...,.._,_ __________ ... _________ ._,_._ .... __ .. ____ .. __ .... _...,. 

1. france o.,?6 

'i Germany ( FRG) o.7 3 ..... 
M U.K. · o.4z \..."'i 0 

4. u.s.A. o.c~ 

5. u.s.s.R. 0"04 

----------------------------------------------------
Source: Working Group on Energy policy 1979 



Th uro is an ace opt od 1 ink bet ween incroasin g 

enorgy consumption and groLJing national output. 

With th\4 expansion of tho :Lndustrisl base, growing 

un Gl'iJY con sumpt ion is a natural cu roll a ry. Sam o of 

the:; 'u,~unt studios hcwa examined tho rolationship 

bctwcon onorgy consumption snd naticH)al incomoet The 

b:J.sic conclusi:~n of those studi:..s is the.t 'tho 

hi•Jhur a nation~s inmmo or out(Jut ;Jn tho current 

int~.;;rfi:-·ticnal scale, the highor, .in goneral, its 

liJVd of energy consumption; as its r:;Np risos over 

timJ~ so does its energy cunsu~~. ;~if n -·in close, 

2.15 The; relationship 8stwoon t?.nurgy supply 

and oc:.Jnomic dcvulop"iu:1t .-J-r ·:o. c::•Jntr:y may be more 

or loss solf-evicunt bu-: ·cr;., ;~.1 Lio::JS Jt "'hw recent 

rosv:nch studiGs are not nblo tc; ::,st,':'f::Jlish th'-' chain 

of c2.usat ion bat woon th osn two facto rs4> Enorgy is 

rc qui rod to su;:1 ;Jo rt a g ro t.Jin g Llcju st rial soc tor. 

Convd*rsel~, progress in energy intensive industrial 

devt:~lor-Jmont will lGnd to incrcc:scj £F•urgy production 

an\.:! consumption 'Jar cc::oita. Incroasing living 
1 r 

stnncJards lead to increasing Gnor;~y consumption 

bocauso of comfort noc,ds th::1t must bo sc::.tis:"i.od by 

one:cgy intcnsivo dovicos suc:l "'~ autc)ii,obilos, 
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TABLE 

G ro s s Do m est ic 

Year Value Added in Total 
Manufacturing--Mining M anufactu- GOp 
Total (Regis- & ring and 
t e red amd Quarrying Mining 
unregistered Total 

_ _ sectoral 
-( o)- - ... ----··---r1I- ----------r·1-----1- ------- --- --·-.--------~-- ... - --~·---------- 3 ----- ~1 _______ :I1J_::::: 
'l95Q.-·51 1750 132 
1951,"52 1700 150 
'195 2_. •• 5 3 1050 155 
1953-54 1901 !57 

1954~55 2136 16 4 
1955 . .,5 6 2309 -~67 

1956 .... 57 2493 -I?? 
192("-60 2505 190 

·j 950-59 2697 195 
1959 .... 60 200 3 207 
1 s6 o~-61 3'135 230 
1961...,62 3435 2.51 

'1962-63 3771 206 
1963-64 4000 292 
1964-65 4402 297 
1965~66 4456 337 

1966-67 4390 347 
1967-60 44?7 350 
195G ... 6 9 4670 350 
1969-70 517 9 375 

197 o-71 5223 370 
1971-72 5367 305 

197 2-7 3 5590' 406 

1973-74 5061 412 

1974-75 6004 4:-ss 
1975-76 612G 400 
1976 ... 77 6660 498 

! 97 7-70 7100 512 

197J-7 9 7001 523 

1979-00 7735 527 

190(} ... 01 ?G66 546 
---·--..... ------------~-+-------------··~-~ ..... - -#-

Source: National Accounts Statistics 
195051 to 1969-70 Janr79 
1970-71 to 1900-01 Fe~too 

1002 17536 
1950 17003 
zoos 1LJ517 
2130 19600 

2300 20233 
2476 20070 
2670 22013 
2775 21631 

2092 23465 
3090 23094 
3373 25534 
3606 26440 

405r( 27003 
4372 20300 
4699 30617 
4793 29023 

4745 29307 
4035 31060 
5036 32725 
5554 34002 

5601 36736 
5752 37 313 
5996 36910 
6273 30646 

6443 30916 
66oD 42662 
7•166 42906 

7612 46773 
0404 49463 
0262 46054 
0412 50526 

-------~----------

I 



2 .. 16 It may bo difficult to osteblish ca(lscl 

rolc::tionshi;J but it mc-1y be usuful to determine the 

cxist5nco :Jf statistical relationship botwoenGOP and 

uno rgy consumption. 

2,.17 In orclor t:J invostigato this hypothesis, r:!ata on 

Gross Dom8stic Pnduct (at 1970-71 prices) and total 

C.JIT\m~Jrcial enorgy consumption from 1953-54 to 1980-81 

has bcwn usod. The data for this analysis aro 

contained in ~ablos 2.2 and 2 0 9., ~s tho direction of 

\ . 
ccusat1on is not ostablishod, tho following 

rolationshins were attomotodo ,- I 

( 

_,. (2,) GOP as a function of EJnergy consumption. 

(b) Enorgy consumption as a function of GOP 

Beth the log-log and linGar ful'rns waro computed and 

the following equations obtained. 

Ro;;rossion relationship - LinEJar 

-1 • E.. = - 11 2~ 58 + • 008 7 y 

R = o. 99 

F = 2249 

( • fJ [) 018 ) S t an =l a rd o r ro r 

T= 47.427 

R Bar Squaro = 0.988 

ows = 1. 96 
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2. y = 13205.0 + 113.99[ 

(2.40) Standard error 

T = 47 .. 43 

R = 0.99 R Bar Square = 0.900 

F = 2249 ows = 1 c/;O 

ReJ rc::ssion rel at io n ship - Log-lag 

3. Ln E = -13.640 + 1.,002 Ln Y 

R = 0 .. 9S 

F = 1414 

(. 040) Stand nrd e r ru r 

T= 37.60 

R Bell" Sqw-. r.J = o~ 98 

ows = 1. 047 

4. Ln Y = 7~620 + 0~545 Ln E 

R = o.s9 
F :::: 1414 

(.014) Stan-:_12rd orror 

T = 37 e 6 

R Bor Squaro = o. SO 

DWS = 0.,90 

In tho abovo regression oquc:t5_,:;ns E is total 

onorgy consumption in million tonnes of coal 

rocJlacomunt andY is Gross Oomustic product 
' 

(at 1970-71 rricos) in cruros nf llupuos. 
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' :t is intorDsting to find that both tho 

log-log and linear forms have given very good fits~ 

Lstat is tical This is identity in two variable case. 

Thus clearly thoro was a very close correspondence 

botwGen GOP Bnd energy consumption during the time 

period rorrosented by the data. The correspondence 

of this relationship in tho dovolopod countries 

indicabJs its continuance through advanced stagos 

0 f ccvclopment. 

2.1 S lJhilo oquatio ns (2) nnd ( 4) indicate that 

incrr.Jasing oconomic activity stimulates greater 

onorgy consumption, tho cthclt' two equations imply 

thet in tho Indian context, anergy does matter, that 

innd oquat e suppl ios of energy can inhibit dovalopm ant, 

and that assurance of an adequate supply and mix of 

onorgy inputs can stimulato growth. From time to 

time, power shortages havo affoctod economic 

activity in both tho inclustricJ. 0nd agricultu_ral 

sect::>rs. Coal shorta]os ha·v'0 cDus,_;rj low utilizatior. 

of installed capacities in major cr1al consuming 

industries including stool and thormal power plants. 

Fertilizer production has been adversely affected 

many times by inadequate energy supplies. Tho 

contention, therefore, is that inadequate energy 

supRlios can rosult in lower indust-ri::t.l production 

anc reduce the rata of ooonomic 'JrLl wth, 
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In his recent study of t Energy resources and 

economic development in India', Wallace Tyner states 

that 1 uncertainty regarding futuro adequacY of energy 

supply could be a deterrent to both private and p~blic 

sector investment in activities which are highly 

dependant on onorgy inputs. Expectations of energy 

shortages could certainly lead to rt"oduction in 

invostmont levels., Similarly, ::;xpactations of abundant 

energy supplies at reasonable co~1ts could provide a 

stimulus .to investment. 1 Therafore, both currant 

production lovuls and investment levols which 

rofloct futuro production potential aru dependent on 

roliablo onorgy supplios. Adoquato supplies of 

onorgy are an important component, if not pre-roquisito~ 

of susta.i.nod economic growth. 

2. 21 Tho unbalanced growth f r2mowork d evelopod by 

A. 0. Hirschman is qui to rolovant to qxplain tho 

on orgy- GQP rola ti on ship. Power and othor forms of 

energy fall into tho catogol'y of !Frschman 1 s S_ocial 

Overhead Capital (soc). Provision <Jf an adoquato 

supply of powor at reasonable prices can induce 

invostmont in power intensive Directly P~oductio!'l 

Ac ti vi ty (DPA) through what Hirschman calls t p ormissi ve 

sequonco 1 • But shortages of power would cause 

production problems and higher costs in the DPA 

sactor UJhich wil1 J~<grl to mor3 invastmcmont 
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~n oncryy ~octorti through- fCem~"tsiva SQqUencoi 

t . .;;.:.;uus; DPA invostmonts will 1compQl' furthey 

investments in tho onorgy sector. Hirschman, 

howsver, arguos that 'thoro is no doubt that neglect 

of public utilities can bGcomo a more serious drFJg on 

ocon::Jmic progross •••• that thoro is a mir.imum SDC/DPA 

c.Jtput ratio, i.e. a point whore DPA 'JUtput can only 

be inc rea sod if S DC (i.e. energy) .is oxpand ed 1 • 

Hirschman's argument has spociaJ. relevance to India 

where oxp ansi on af on orgy ro sot1rco d ovol opment can 

incroaso tho rata of ocon0mic growth through 

maintaining anct increasing tho productive capacity 

:Jf tho Indian economy~ 

tnorgy c__Q!"JsUf!!.Qtion and Soctoral GC~~?~ 

2.22 Tho statistical regression of 0 norgy consumption 

(global as well as sectoral) on th3 activit:/ levels of 

tho economy as a wholo and on tho sectoral levol was 

attempted. Soma results of glnbgl regression 

analysis are indicated abovo. Dthor results of 

rogrossion analysis of onorgy consumption and 

sectoral activity in tl--ta mining 'Jnd manufacturing 

socto:r. al~o sc;t cJUt. in Annoxu:-o .. I -1'1d flnn.:Jxura-II. 



1£!Ilm.Ji.:LCic..L Ent.-.!.f!Y __ C.~l}ls~_~ion in <-.Do Industry Sector 

Ir.en_c!L.A:-f}SLP 3.t t s rf"!. ... J:J! . .-t h §_.E lJf):;:~.- Cu n s urn p t ion 

3 ·1 
{> • The man:.Jfsctu-r:ing sLctot' :is the single largest 

user of commercial anergy in India. Over tho last 

thirty years 5 consurn1Jtion cf electricity in manufacturing 

and mirdng has grown around S-.3 per cent per annum 

'3n-. that of oi.l and coal ~y 4., 1 per cent and 6.0 per 

cent :r.uspactively ~ Overc:J.l enurgy consumption grew at 

an "1r .. ~La1 growth rate of 6(00 per cent duriny 1953-00 as 

comp .r.::d t" 5,.:? per cc:nt. inc:r.l:::aS2 in value-added in 

manui·c.cturinJ and mining secbr,.. However, the gmwth 

in E;nurgy consumption aprears to h:.:we sl.owod clown 

durin; tho l.gst one and a half decade. Table 3.5 

gives tho re.tes of growth of consumption both short­

term and lang-term of commercial energy in the 

inctust:-y soctor. As against 12 per cent and 6.6 per 

cent rJrowth registered I'FJspoctivoly :_y ulectricity 

and ail during 1953-70, the growth rato of oloctricity 

during 1970-GO was around 5 11er cent and that of ail 

nearly zero per cent. However, the consumption of 

coal re co rdG d a growth of 1 'J. 3 per con t durin 9 

197.0-75 ::md 5.6 per cent in the next quinquennium. 

Tho r 8 lative contribution of the difforent sources 

of energy to the devclopment of manufacturing 

sactor ·can be gauged from the trends and pattern 

of thoir e0nsum;ltion dcpictod in Tables 3.1 to 3.4. 
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Comm rn·c ial ~n e.~9.Y .. . 99 q.'?.4F p_t...~~Jjl_ ~:f_il~.Qi ng & r~ an u fact ur in g 
Th ~ll_:!:.g_c_Jg.!JJ19..:~. £L.ar.:.9.C!;L "_.B§Q.~ acem en t) 

-··- -~C·•" lt-~~·.)t.-·,-.,._...,._...,._.. .. ..., ... ,,,, . ..._ , .... ,. ~- .. .,. .. ·;.· .. ·.,r.":.+ •-:o .. • .,, • .,. jc'·' "'t ,,.~,.:,...,.._~----.... ~or."'),_, __ , 

-~-·.Y~-~E-.~---·-·----~-----~~~~----.. ···--·-·9~~----· ---·---~~~~~!E~E~~x=====I~~i~ 
1 953r-• :jL~ ·t 3oGO 3c 65 s.oo 22.45 
1954-55 !3,~80 4"24 5 0 60 23.64 
1955 .... 56 13" 30 4.70 6.30 24.30 
1956 .. 57 13.40 5.)05 6.90 25.35 
1957-58 16.60 5.54 7.,..70 2'9.84 . 
195 o ... 59 17$50 5o95 OoOO 32.35 
1959-60 16~80 6.,44 1 Do 30 33.54 
1960-61 2o~so 7,23 11 0 60 39.73 
1961 .. ,62 24.20 7 .,6 9 14~46 46.35 
1962 .. 63 20~ 00 S~ 33 16.50 53.83 

1963-64 27 .oo 5;,..56 ~ 9.13 52.69 
1964-6 s 27.20 •; .; !:": 20.92 55.27 I o i ;:J 

1965-6 6 ;o .. i c1 8 ~ 09 22.62 60.81 
1966-6., :soc 40 9" OS 24.30 63.84 
1967-(~ ·. 33e, 00 9~85 26.7 9 69.64 

1960-6 9 31.90 1 o. 39 29.93 72.22 

196 9-70 35.34 9.36 32.34 77.04 
197 o-71 31.07 10.90 34.35 76.J'l 

1971-7 2 37 .o6 8.50 41.49 87~05 

1972-73 43.05 9c64 37 .. 58 90.27 

1973-74 42.47 9.93 37.92 90.32 

1974-75 42.7 3 9.61 . 38.49 90.83 

1975-76 5o.66 9.63 43.35 103.t64 

1976-77 55.81 1o.oo 48.12 113.93 

1977-78 61.27 9.78 49.39 120.44 

1978-79 6o.55 1o.oo 53.90 124.45 

1979-80 6.0. 81 1 o. 71 53.26 124.78 

1980-81 66.39 10.01 55.58 132.78 
........... ---- .. ------··--····-----------·- ... -----------... -- ... --~·····---·~--~---#·-·-- ... , .. ---.------------

Sources.: Fuel policy Committee Report 1965 (Thro t 197o .. 71) 
Working ~roup on Energy policy 1979; and Va!rious 
issues of General Review of public Electricity 
Supply; All India Annual coal Stastics; and 
Indian petroleum and petro-chemicals Statistics. 

Note: Coal consumption in mining and manufacturing includes 
consumption of steel plants, cement, cotton, jute, 
paper, brick indust rios. 

2. Figures for oil are estimated co nsumpt ion of Furnace 
Oil, LSHS/HHS, lpG and small quantity of HSO used in 
manufacturing process. 
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Trends in Share o'· Di ff e. rent Forns 5.:-; Tctal 
Commercial Energy Co"'nSUl1!p.t5e>'YI by M 1Yli.ng and 

fV! &'"I Uf _?Cl~~~.;~n{~~~~~J h a·ye,_···l_y)'" lot"~f-·E;:l·f~'rgy co"nsum ed 
.............. .; .. •: • -~. -······ ··-"' '• ··•·· -.-.~.- ·= • ..,,,_ ...... -.. -. .'• .... •· ... ri{ ···- ··~·'····~1.._ .... -.•..•. ~-~~,(~ ........... _~,....,l .... 

Y88.r: Cc3; Oil. Electricity 
......... : .... lt:..t'l~ .. l~ .• ~ ... ---~ --·~-;'·''~~ •'''"'U.·-~·~·~-·-·'·~~-·,-~ ... ... ~:..~_,.,._ 
.-·--~·· ,,,_ ···~ .... ,...... __ .,._ .... , ...... --- -----~.-.. ...... -·--··-··--·-·----·-'-.·; . .a-·-··--· .... ·--~--------,_ ___ ..,.. __ ..,. 

1953,54 s·~t,47 161'1 2li 22.27 
1954,~55 58-> ~18 '17 ~ 9Li. 23.68 
1955 ... 56 54 0 ? 3 19'}34 25.93 

1956,-57 5'2"'iJG ']9:.-92 27 '-122 
1957, sn CJ ss .. 6 3 10<; 57 25980 
1958-S::J S.:J r; 40 · 18940 27'1;-20 

1959,o5C. 51)>} 09 ·1 So;; 2o 30o71 
1 96 Q.,-:; I 5.;.~ ... 61 18~20 29o20 
196 'i ,6 ~ S2 ;, 2·1 16~,59 31tt20 

1962.~63 3~-~::; GL "171)33 30.-6 5 
195]. .. 64 5'1 ,, 24 12'145 36.31 
196 4" ~.s iL ~L .. 2 ·1 !2o94 37 ,.85 

196 5,~66 49..,50 13., 30 37.20 
1966-6 7 481100 14"00 38.00 
196 7.-60 471139 14'1>14 30.47 

1968-6 9 44"17 14-;.39 41.44 
196 9-7 0 45,07 12., 15 41.98 
197 0-71 40o71 14.28 45. 01 

1 971 ~· 7 2 42.57 s.76 47.66 

197 2-7 3 47.69 1 o .. 60 41.6 3 
197 3-74 47 .oz 10o99 41.98 

197 4-7 5 47.04 10.,58 42.30 

1975-76 48.08 9 .. 29 41"83 
1976-7 7 48.99 0.78 42.24 

1977-78 so.o7 8.12 41.01 

1978-7 9 48.6 2 8904 43. 31 

197 9-80 4U.78 o.so 42.60 

1980-81 5o.oo o. •J4 41.86 
... -----··--·---..--~-·-------··-~ -- ~- ·-- --.- ... --·· ... ···-·· '---- ... ·-·· .. --·- -~ ___ ._ ~-- -- ... ~-. ·--- ...... -~----- ..__ .. -__ _ 
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TABL_L :)!-5 

... . . -
Consumption of ec··\.n--;;:-::nJ ~.n~"':'''/ :h r·1anufactur.ing 
~---·-- -~ .~.J'1 !'V\ tr.9 .. ~ .... __ .. _ , ____ .(rrf. c.;;;.r'.:..) __ 

Ya:~T ~~(1':1:. C; .1...1. Elect :;:·ici ty Total 
' ... - . - .. - _ .. ,._~ . ... -. ··-- --~ ....... _,_ -·-· ·- - ... ~----.. -----· .. ------....-------·,.._.. ______________ 
··1S53 .. 54 •, · ... , ..., <>{I • • 
1 95 4~ 5E .}" ~ ) 

.; 6 :> 16 12.00 5. 30 
•1955. -5£ :1.6;: ·J o~ cs 12~50 2. 79 
1956 .. 57 [!ti ?5 ?.,45 9 0 52 4.32 
'i Sl':l?-50 ?:.L tJU 9Q?o 'l'~ ()59 17.71 

1 95(.1-59 G"' o;' ··i • 1: r· ~ .1, 29 Be41 
1 S/59.-6 0 ..... Lc,. 55 8 .'1 ?t!. 17o05 3.68 
~ r.,-, iJ, .61 ?.! .. ~. 4C' 12.;j ?? 12.62 18 0 46 
"': t_;U ~ ..... C 2 ·: 5 '? 9 6 ;, 36 24 0 66 16.66 
": ~-S 2",5 3 1 s, i 0 :L'1 /,)'53 14.11 16.14 

'l Jj 3,., 54 3 .. 57 .... 29.69 15.94 - 2.12 
1964 ... 65 o .. 74 Be 99 9.36 4. 90 
196 5-66 1 o~ss 13.15 8.13 1 o. 02 
1965<-67 1.oo 11.99 7.78 4. 90 
1967 .... 68 o.55 o. 72 9.09 9.09 

1960-6 9 - 3.33 5.48 11.72 3. 70 
196 9-70 1 o. 78 - 9~ 91 8~05 6.67 
197 o-71 -12.of3 16.45 6.22 99.07 
1971-72 19 .. 2G -22.02 20.79 14.06 
1972-73 16.16 13.41 - 9.42 3. 70 

197 3-74 - 1. 35 3.01 o.9o o. 06 
197 4-7 5 0.61 - 3., 22 1 .. 50 o. 56 
19'7 5-76 18.56 O~t 21 12.63 14,1G 
1976 .. 77 1 o.17 3. 04 11.00 9.93 

19'?7-78 9.78 2.20 2.64 s. 71 
1 97 8-'? 9 - 1.18 2o 25 9.13 3e33 

1975-80 o.43 7.10 ... 1,19 0.27 
1980-81 9.10 0.93 4. 36 11,04 
__ ..... -----------------·----------... .----....... ,. ...... -~ .................... ---- ... -----...-. .. ---~---· 
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Lnergy ConsumpticYl r Minl:n.9 & M~.l'lUfcoturing m:; 
~--- ..P .. £ 12.ci!n tag e _.2L,.T.9J.~~t _ce_'rl? Y1.11.Pti.~.!l:~ . .tr~ .. iJ1..q, ES£!JS!.!!I..Y 

1953~-'~:... 
1 9 54.--~~)~~ 
195 5 ... ',S 
1956 .. s~· 
1957, su 

195G.,'S9 
1959NC: 0 
1960,-0 'i 

19G·~ .. ,0 './. 
1962-6_; 

195:L. 
1964,.jG 
196 5.NCJS 
1 966 . .,5 '! 
1967-6 8 

1968-6 g 
1969-?[1 
197 0-71 
1971-7 2 
197 2-73 

1973-74 
197 4 ... 7 5 
1975-76 
1976-77 

1977-70 
1978-79 
197 9-80 
19so-u1 

4 t-J ,, lj :: 
u~E' ... 4.2 
46,~ 18 
43C! 65 
lJ.? ,. 98 

4i; C; r/s 
!J.? ,,Jjb 
51 ,.'/ 3 
54~ 8ii 
57) 03 

55., 55 
56,_, 3; 
5C '· 1') 
50 '• 13 
60 .. ~5 

60Q 19 
6 2. 37 
so·. 51 
68.4E 
01.0~ 

70.09 
63.68 
71.39 
78.17 

so. 77 
88.01 
G4. 48 
os. 78 

'1 ~l; 33 
'15::; 48 
15~.5~ 
'16;; 21 
16.,33 

'16 ~,4~/ 
·16 ~· c·;· 
'16 '= 1.: \j 
~ E ~ : _ _, 5 

·1 1. 67 
11::.84 
·; Lc 52 
13" 12 
'!3.43 

12.6 3 
10.39 
11.22 
s. 21 
n.7o 

Do 70 
o.ss 
s. 33 
Oo '17 

7.50 
7909 
7.20 
6!160 

6 5~ 7 9 
66.;6? 
67 ,·o2 
67 1)65 
65_. 25 

56 ,.67 
66'J8(j 
60 0 6!+ 
741.>65 
7 3~ .. l1 

7 5., 88 
75., 36 
74;~02 
7 3~41 
72.88 

7 2.19 
71 .. 83 
70,.61 
80.96 
60o40 

68~ 30 
66., 17 
6 s. 71 
6 5e 89 

64 .. 99 
64.01 
61,66 
61.90 

37.35 
37.72 
35.47 
35.18 
37.15 

37 0 87 
361) 79 
39., 27 
~1 0 39 
42.65 

4o.52 
40.,50 
4·J. 38 
41 .. 30 
42.31 

40.86 
40.18 
38o 70 
41.68 
41.39 

39534 
38.21 
41.03 
42.70 

42.67 
42.32 
40.64 
40.13 

-~ ~"--·- ... ., -----.. -~ .. .... -·-·- .~ ··--- .. -- .. _____ , ----------·-----·. -· ~. -- ---.- ..... ~-·------·-· ~-..- ..• ,_,._ .. _ -- -· ---- . -

Note: Coal consumption in the economy excludes use of coal 
for colliory consumption and power generation .. 

Total consumption of oil in the economy excludes oil 
used for power generatior:. and non_.energy purposes and 
refinery losses; and 
Total consumption of electricity is at the consumer 
and for the economy as a whole. 
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3.2 It is difficult to analyse tho consumption )• 

pattern of industrial sE:ctor and establish the basis 

for projection because of the diverse industrial 

activities requiring different levels a f energy 

consumption per unit output (norms), and because of 

qualitative and quantitative changes taking place in 

various sub-sectors of the industry sector. Manufacturing 

sector consists of two distihct parts one referred to 

as the registered sector consisting of factories 

registered under the Factories Act and the ather the 

unregistered sector. The unregistered sector includes 

not unly unregistered industrial establishments but 

also a very large numbor of household industrias whose 

total number has been rG~o rted as 2. 2 millions in the 

1971-consus. Tho unregistered sector is a very 

important contribute r to the total industrial p reduction 

and contributes over one-third of the total value-added 

in industries. Though a major portion of the commercial 

energy appears to be consumed in tha registered units, 

tho unregistared sector also cansumes sign~ficant 

quantities of commercial energy. However, the 

unregistered sGctor is relatively less energy intensive 

as it dcoends on largo quantities of non-commercial 
l 

fuels, animal power and human labour for porformi. ng 

task which in the re~;)istorecl soc tor migJi: invnlv e the 

u .c.: o o f en rnm g r.n i a 1 fu n J_ B .. 
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TaL:ilw 3.5: Rates of Gmwth of Consumption of 
Comm\lrcial Energy in Industries Sector 

(Average annual Compound c;C) 

.p(irio d Rata of Rato of growth per yoar 
Growth of 
Value added 

consume tion 
Cammer- Coal Oil-Electricity . indus- cial J.n 

tries seeto r .[nergy 
(at 197Q-71 

_.,.. prices) 

Short-. .::; erm 

1953- 60 6.0 0,5 6,.1 1 o. 2 12.0 

19GD 'SS 7.3 .0.9 7.6 2.3 14.3 

1965-.7 u 3. 2 4.0 o.5 6.2 0.7 

197Q-.75 3.4 6.4 1 o. 3 - 2.5 4.0 

1 9?5-.C 0 4. 9 5.0 5.6 2.3 5.1 

Lon9-tarm 

1953-70 5.D 7.5 4. 9 6.6 12.0 

1953-75 5,.3 7.,2 6.1 4.5 1 o. 3 

1953-00 5.2 6 0 0 6.0 4.1 9.3 

1960-70 5.2 6 0 7 4.1 4. 2 11.5 

1960-75 4.6 6.6 6.1 1.9 9. 2 

1SGQ-00 4.7 6.,.2 6.0 z.o 0.1 
--------- -~-------·-- ---··- -·- --· -·-·--· -~ .. ----·---··-·· ·--- ---- ·-· __ .., -·-- ___ .,. -- ... -- -- ---·-- ~-~---- ... ---··· 

Ql~gy: GOP £1 asticity Cot: fficients for the 
I ndu st rial Sector - -

3. 3 .[norgy: GOP Co-efficients are estimated to 

indicate how much energy would be req.Jired for 

effecting a 1 per cent change in GDP. Lowor the 

co-effioionts, moro efficient the energy use in the 

sector. 
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Tabla bolow gives fuel-wise energy: GOp elasticity 

coefficient with reference to commercial anergy 

cons-umption in the industries sector and the sectoral 

GOP. 
-~~-~--------~-----~~~-~~----~-~---------~--------------~~--

Taole: 3.5.1; GOP Uasticity Coefficients* for the 
·" Industrial Sector (w.r.t. sectoral 

energy consumption and GOp) 

Coal· Oil Electricity Gross Energx 

1953.,54 to 196Q-61. -o. 927' 1. 40 1.93 1.29 

1953-~51 to 197o-71 1.092 o. 95 2.03 1.37 

195 3 ... ;~ 'J. to 1900-01 1. 212 Q.,60 1. 05 1.36 

19':: ! . :: 2 to 1970-71 o.734 04 7'i 2 .. 16 1. 26 

1 sc 1 ::2 to 19G0-01 1.273. o. 36 1.6 2 1. 30 

197 •j. 7 2 to 1900-01 1.343 o. 37 1.oo 1. 09 

1 S7 3-7 4 to 19G0-01 1. 290 o. 27 1 .19 1.15 

*derived from lo 9-log rog ressio n relationship 
btJtween fuel and value-added. 

··~ -- ... --·-- -"·-- -·--------------~- ----.. -- -~ ·-· ·---· ·--~----- -- --·-------·--·------ ----. 
3.4. From thG table it ap;:1ears that the long-run 

total C'Jmmercial energy: GOP co(;fficient has relatively 

romaineu · stable. However, tho commercial energy: 

GOp elasticity coefficient which was 1.26 for the 

pariod 1£161-62 to 1S70-7"1 wont up to 1.30 in the noxt 

decade. Elasticity coefficionts of individual fuels 

hevo shown wide variations. Coal coefficiGnt, however, 

has gone r~ll y gone up. 0 f iJ articular irte rest are the 

coefficients for the pGriod 1973-74 to 1SCO-C1 after 

tho i~ ernational oil price increase. The coofficient 

has C}one down in the caso of oil in particular. 
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!.D_tensity of Ener~y Use: 

•• . . -

3.5 The intensity of energy use, defined as the ratio 

of tho quantity of totol commercial energy used per unit 

of value-added in the industry sector has been steadily 

incr~asing over time. The total commercial energy 

consumed in mtcr per Rs. 100 cmres of value-added (197o-71 

prices j in manufncturing and mining was as given below: 

1953-54 
1960-61 
1970-71 
1 90 0-01 

1. 05 
1.10 
1. 36 
1.50 

3o6 1_\n examination of fuc.l-wisc enGrgy intensiti.tes, 

carried out in detail in Cha:Jtar 5 (Table 5.1) indieates 

the..-1:. -'.;~~: inc:rE!8Se .i.n electricity consumption is the main 

reason for the rise in the intensity of energy 

consumption altho ugh the rate of growth of intensity 

of electricity consumrtion has buen steadily declining 

(Table 3.6.2). On the ot'her hand tho:; combined intensity 

of coal and oil have shown greatur stability. Ceal ~~· 

is used for providing heat and to raise steam in the 

industries sector ar.rj c::a11 l;c~ .c:ul:c:::t.ituted by fuel oil of 

ro ug hl y half the weight of coal L!s orJ. The -Wn rking 

Grouo on energy policy analys8d the roasons fo:r. H~o 
I . 

stability of oil and coal intensities~ It stated: 

"Exce:-; t in the case of sugar, the other industries 
seam' to be gradually switching to the usa of 
commorcial fuels. Such shifts would ire reaso 
the intensity of coa:l and oil use. On the other 
han9t there is a gradual replocement of the old 
boilers of low efficiency by more energy efficient 
equipment and this would cecroase the intensity 
of anergy use. These two fact'irs seem to have 
led t.o ::-.n .3fJpc1'cnt ste.billty". 
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-~----~----------------~-~--~-~--------~-~-----~---------
Table 3 6 2• --.--! . .....!.. 

Intonsity of El:;;ctricity Consumption 
!!:! Industries 

196Q ... 61 1965-66 1 gzu_~ 11 1975-76 

Value added in 
industry 
(Rsfj 100 era res 
at 1:_,7Q-7"l 
pric.:os~ 33.7 3 47 ~ 93 56.01 66.00 

E.l -- : · 5 ci t y 
COI!Slu .. t.d (TWH) 11.60 22.,62 34.35 43.35 

I n t G n t ;_ t y of 
£1 ...,c ;_-.:·:'.city 
Co n s un1 ·"J t io n 
(kU:/HJ.V.A) o. 34 0.47 00 61 o.66 

h.::.L-:: :_1 f increase 
in i:.-::ensity 
per y.aar 5.6 5o4 1.6 

1900-01 

04.12 

55.50 

0.66 

nil 

_tooll.--------------~--------·"':"""'···---.-... --'""'7----·-·- .... ,o-p~op- ... ~·-~ .. ~~------ .. _______ ..,. 

Industrial Structure ah~~ Energy Consumotion 

:3.7 Industrial structure here refers not only to 

the 0 roduct mix of total industrial out;Jut, but also 
I -

to thu mix of fuel consumed* Industrial energy 

consumption is a function, .int or 2lia, of the structure 

Hero wo l:Jok at ot.;t' .structure of 

industrial out:Jut and its imolicatio ns for industrial 
' r 

enGrgy.demand. A comparison is also made with three 

other dBvolopinJ countries namely Bra.ililt Korea and 

Kenya. Table 3~6.3 presents structure of thair 

economies. 
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------------------------------------------------------------Tabla 3&3: Structure of Economies of Four 
08Velo:;>inq Countries 

Brazil 

Indi-a 

Kenya 

Korea 

i!· .};.·: :, 

1977 GDP por 
cepit a 
( 1977 us $) 

1 '41 0 

160 

290 

900 

far 1S76 

percent of 1977 
1 97 7 GOP ind ust rial 
by industry GOp in, 
( % ) millions 

( 1977 us $) 

26 42,609 

10* 16,000* 

1:3 560 

30 1 o, 546 

Rate of 
industrial 
Growth .~ 
( 1976 ... 77) 

11 

5 

0 

23 

SoJ<L·:;~ World Bank, Atlas; llbrld Bant< data services 
and U • N • S tat i s tical Y e a r Boo k 

---~-•<-•., • .IE.,.;,.a_, ____ _._ _______________ .,__,, _____ _..~·-------------------

___ ... ~,·-~~ ...... ________ ..,. ________________________________ ..,. _________ _ 
T<:h;-:_0 __ ~~6.,4~ Rate of Growth of Industrial Energy Demand 

Brazil 

India 

Konyn 

Korea® 

p e rcentago 
of total 
energy 
co nsliil: ed 
by the 
inJust rial 
§..QC~or. (%) 

24 

34 

10* 
3S 

Rata of 
grow·::. h of 
industrial 
eno:cgy 
demand 
( 1967-76) 

10 

7 

16 

20 

Industrial Energy 
Consumption/ 
Industrial Out~~i!£ 

•)967 1976 
( t o e $ million 1 97 7 o u tp t.: 

004 612 

2, 367 2,560 

391 071 

701 693 

---------·---------------------------------------------------
Source: Intr.nnational Enorgy ~guncy (paris, DECO, 1979); 

U.N. Veer Book of IndustrLgJ Stq.;tistics 

*Manufacturing Sector only 
® 0 at a fo r 1 9 66~ 7 4 



... : : 42 : : -

3 • 0 fi ,.omp e rison of the at ructu ral t ren cJs rev Elal s 

thflt Indie~ .i..ndustial output has grown only slowly but 

its requisite energy inputs were much higher compared 

to Brazil, Kony a and Korea(# The inrJu st rial structure 
0 

f 

India is characterized by a wide range of activities. 

The basic pattern of structural chango, starting in the 

1950s and aontinuing intld: the 1970s and 190Qs
1 

was an 

incc--. ,s.·L ... Ig role for capital goods industries. The share 

of ._- .. Gnergy intensive industries is quito high and 

sam- F- the energy intensive industries like basic 

inJL!-:;~s:<.3] chamicalst pharmacentic2ls7 (:''iper and papar 

;_J.:'c·::; .~; p have been more dynamic·o 

3,.9 As noted earlier; I:ld:La;?s industrial energy 

consumption is extremely 1-a;rg~::, GE:DGcially considering the 

1'(-3lativoly Am;-~1_ r·a.le of' irtt:!rwt:;y in :JVerall economic 

par dollar of output ar~ far larger than those of tho 

other three countries. One important o~planation f-or 

this high industrial energy domand would appear to centre 

on the fuel composition of industrial enorgy demand. 

Sin co India has nb undant coal ;re sou rr.es most ind ust ri es 

developed by utilizing coal as their energy source. 

However, coal is generally used in less efficient 

industrial boilers. Secondly enoiffioUs amounts of energy 

u sc;d in inc..lust ry a ro disc:.:; rded os w:::: st e heat and the 

efficioncy of ener1JY use in tht> technical s~se has 

be~n of limited conoorn to the industries. 
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Two othor fo.ctors might 2.lso havG resulted in 

thG apf:lorently high industrial tc;;nergy output r 2 tios in 

India,. first 1 heavy en ergy-int unsive industries camp rise 

tho bulk of industrial output. Second, some degree of 

diseconomies of scale in energy usage in large number of 

small and old establishnents. The question of efficiency 

in ::r1c;.rgy utilization has, however, bean examined in 

dat '" i .. i .in chapter 5. Here it rn ay be suffice to say that 

ths .t:·,,J .ctant role of coal and the devclopment of heavy 

in··· ... ·c::,.:.os explain most of Ind.i.D;S high industrlal energy 

cons:_ Iii p t ion. 

3' 0 11 Some of the industries coilsume large quantities 

of entngy per unit of value addec:a For example 

orJnsumption of coal per unit of value added contributed 

by steel industry is very high compa;:-ed to the ratio for 

other industries. An attempt has boon made to study tho 

long-term historical trends in commercial energy 
large 

consumption and value-added by sr:;loc+.l'JL :f Energy 

Consuming (LEC) industriaso The.se incl'Jde textiles~ 

fertilizers, inorganic heavy chcrn icals, non- ferro us 

basic metals, Iron and Sto•;l, ro•'ractorios, paper and 

;JSper tloard And cement. Th3 an8lysis is bnsed upon the 

onorgy consumption data repo::-tud in tho census of 

M anufnctu ring Industries ( 0"1 I) from 1946 to 1950 and 

fr::Hil Annual Survey of Industri;s (census sector) from 

1 959 onwa:rds. Tho ASI series :. s 2 vaD. a bl o upt.o 197 3-7 4 ~ 
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It r:tt::y ~o str1t(~~-: h<~re thnt a det3ilc~ classifi~ation 

change was made when the A_.s.I.o series was started in 

1Si9 and again in 1973-74 when NIC classification was 

int l'Crd~oad. Due to seu-swal classification •hanges in the 

available CMI end ASiseries it has bean possible to 

canst ruct comparable anergy consunption series far only 

selected few L EC Industries. Under each industry 1 the 

tc ~ .:· rJo al, petroleum 1 fuels f electricity oon sum ed by that 

inrl •:y is shown separately,. Howeve:f!, under petroleum .... 

fl! q] = / the consumption· of furnanee oil i HSDO, LOD etc. 1 

is 'J-:.ven collectively under one head as 'petroleum fuels', 

furtr'-'r, the c.r~.I., A.Sel• does not differentiate 

b t.::r::. w~aen con sl.lnption 1n indust I'y-o wned transport or power 

generation units and that in the manufacturing process 

except that the consumption of moto~-s0irit, is given 

separ8 tuly in the latest ASI serioso Results of the 

industry-wise consumption suri9s thus· will havo to be 

interoretod with those limit.qtions in view·. 
I 

3\12 Ioxtile Industry : Tho consumption of all the forms 

of commercial anergy havu increased during the period 

1946-1973 (Tabla 3o7)o However, electricity consumption 

increased fiva-fold by 1973 as compared to 1946·. 

Taxtiles arG not by themselves highiy energy intcmsive. 

The anergy consumed by T~:;xtilos i.s high due to the high 

volume of 11 roduction. Energy 1ntensitios have7 howevar, 

romuinod fairly stable in tho tGxtile industry 

p<Jrticula rly after 1956. Tables 3.0.1 to 3.0.6 

indicate tho recent trends in t;onSJrnption of refined 

;:;~Jt.J.uleurn products, roal an:J slr:ctricity. 
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TABLE: 3., 7 -----

44-A . . . . -

.. ~rends in Ene~y Consump.atbn in Selected Large 
SQ..e rgy Q1 nsu..!!l~,.-l.~f!~L9-tfieCi_(ilS I -1. CENSUS SECTOR) 

... ___ ... ____ ... #fllllll_.,. _________ . __________ .. _ _,_. ___ .,..., __ .. _____ ~ ...... --.--.. ------------

r. TE~T~~NOUSTRY 194§. 1951 1956 1973 -- -
Goal (million tonn es) 1.84 1.83 2.oo 2.38 
0 iJ. (m t cr) 0.32 o.4Q 0.42 1. 02 

R.ka(l act r icit y (billion Kwh) o.93 1. 27 1. 98 4.65 
Gross Energy Use (mtcr) 3.09 3. 50 4.4Q 8. 05 
Value h:1ded (million Rs.) 3556 3433 3965 7289 
(at 1~70-71 p rioes) 

Grcu=c t:r.a rgy use per 
tho IE ;~f\ rJ Rso Value added 
(Tc" ! ,, .. ~·,ousand Rupees) 0*87 •j ~ 02 1 .11 1.10 

----- ...... 4.~·~· ··~ ·--- ....... --~------·-----~---·-... ------·---·~-~,.-- ... --~-----·----------

II fEk-:-··.:' l J..:.R 
-.3.-...!..-. - ···-·· - - -· ·- --

INDUSTRY jJ6_1 1965 1973 

Coal. ( :n ill ion tonnes) o. 38 0 .. 42 o. 73 
c il : ,, t cr) • 03 0.026 0.40 
Electricity (tlill ion kwh) 0,.59 1.,76 2o 07 
G ro cs E.nergy Use (mtcr) L Oil 2. 21 3. 20 

Value Added (million Rs.) 98 132 459 
(at 197 0-71 prices) 

Gross Energy Use per 1 o~ 20 16.74 6.97 
tho us and Rs. Value Added 
(To nn eft ho us and Rupeas) 

------------------------------------ ~~-··-··---· .... -~ ....... -----·-- ... ~----~-------

III. INORGANIC HEAVY CHEJ1ICALS ---&--· .... __ --
Coal (million tonnes) 

Oil (mtcr) 

Electricity (billion kwh) 

Gross Energy Use (mtcr) 

Value Added (million Pso) 
(at 1970-71 prioes) 

G ro s s En e rg y Use p e r 
thousand F.s. Value Added 
(tonne/thousand Rupees) 

1961 

0~29 

o .. 1a 
o .. 36 

c ~ 75 

~ 20 

6, 25 

1965 1973-': 

0.29 o. 30 

0 .. 22 o. 40 

0.68 o. 89 

1., 19 1. 59 

226 378 

5 .. 27 4.21 
____ . ______________________________ .. _________________________ _ 
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--~--------~~------------------~~------------~-~-~-~---··~~~ 
IV, .E.APER &: PAPER BOARD 

Coal (mill ion 
tonnes) 

Oil (mtcr) 

Electricity 
(billion kwh) 

Gross Energy Use 
(mt cr) 

Value Added 
( ; 11 • ) " ..... ~ 10 n Rs. 
(et 197D-71 prices) 

.< '.·s Energy Use 
r:;::J.: ~housand Rs. 
~:;12.ue Added (tonn.e/ 
tho us and Rupees)· 

o. 35 

o. 004 

o. 04 

o. 394 

62 

0.4,5 

o. 006 

o. 05 

a. s oa 

93 

5.44 

o.67 

o. 012 

o.12 

.802 

154 

5.21 

1961 -
1.15 1.47 

o.o4 0.28 

o. 34 o.as 

226 688 

6.77 

------------------------------------------------------------
Jh NQr .. '::.LERROUS BA~IC METBLS 

w •• ... ~ -

.12.i§ 

Cbal(million tonnes) 0.12 
~ 

0 i 1 ( mt c r) 0. 0 18 

· El ec'trici t y 
(bill ion kwh) o. 008 

Gro.ss Energy Use 
.(mtcr) o.15 

Value· Added 
(million Rs.) 
(at 1970-7'1 prices) 306 

Gross Energy use per 
tho us and Rs. Value 

o.13 

0•042 

o.o2 

o.19 
/ 

145 

0.14 
'· 

o.o4o 

0.14 

0.32 

307 

o._16 

o. 04 

~ ·ot· \ ... ·- -·· .......... 

Oe29 

o: 14 
' t • 

0.41 1.96 

o. 61 2.19 

355 548 

Added (tonne/. 
thousand Rupees) 0.49. 1.31 1.04 1.72 4.00 

-------------":""----~-------.. ~.,;..,~-------... --·--...-----, .. ---------~-... ----~-
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------------------------------------------------------------
JLL....JJ~ STEEL INDUSTRY 

1946 1951 - --
·eoal (million 2.66 3.6o 2:.60 3.78 

tonnes) 

Oil (mtcr) o.oo4 o.o1o o.o24 o.18 
Elect ri city 
(billion kwh) 0.09 o.14 0.38 o.so 

Gross Energy Use 
(mtcr) 2.75 3.75 3.00 4.76 
Value Added 638 (milli:-'·1 Rs") 
(at '1 (:i~' ~-:-? 1 prices) 
Gross ~:- · -:n-gy Use per 
thous;:<i Rs. Value 

Added ( ,. ~ 1nej 
thous-::"'( Rupees) 4.31 

805 883 

4,66 2.85 

5.76 

o. 36 0.86 

1.74 3.11 

9. 73 

1624 3086 

4.72 3.15 --- - .......... ~· '~-' -~ __ , ____ -.... ---·~· --------...... ·--------- --- ~-,-----;.-··--- ..... ,_... -·~ --·. ·---------------
VI J, .Cs''' ;::_f~T INDUS TRY 

1946 1951 1956 1961 1966 1973 -Coal 
s ' 

o. 35 1. 02 1 r-67 2.64 2. 99 r 1 ~~--mt cr) 3.86 \ ' J 

Oil 'l d\mtcr) ... o~o2 o.o4 o. so o. 38 
tl ect ri city 
1 o9(mtcr) o. 03 o. 10 o. 21 o. 46 o. 87 1. 33 
Gross Energy Use 
( ,mtcr) o. 38 1.12 1.90 3.~4 4. 36 5.57 
Value Added 1 o6 Rs-46.44 
(at 197'1-71 prices) 

157,55 223.,82 234.38 38 3 .. 15 27 4. '1.7 

Gross Energy Use 
per tho us and Rs. 
Value Added· 
( To nne/ t ho us and s) 8. 18 7. 11 8.49 ~3.40 11.38 20.31 
----------------------------------------~-----------------~~ 
VI I I. RE.. FRACTO R ILS .12.§1 196 6 1973-7 4 

Ceal (million tonnes) 0~18 0., 20 0,13 

Oil (m tcr) o~ o32 IJ. 04 o. oft 
Electricity (billion kwh) o~ 02 o. 03 o. 03 

Gross Energy Use (mtcr) 0.214 On 27 Oa24 

Value Added (million R<>.) 
(at uurrent prices) 4L~ 42 1 os 

----~------------------------------~------------------------
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3. 13 Fe rt JJ.i ze rs Industry : Gross Energy use in the f ertlliz ers 

industry has steadily increased s.ince 1961 0 The 1/\SI 

series indicate groatE;r volailility in the ene:rgy intensity 

of f~rtilizers in6ustry which muld be due to several 

factors including variations in capacity ut~isation, 

wasteful use of anergy due to power-cuts end load shedding 

otc~ Table 3e0e1, which give&· the consumption of 

pot;·,_ tJUm-.oncrgy by industries, indicates that the 

cor·,:-,·., 1-tion of furnace oil has increased from 52 thousand 

tor,: .. ~ .Ul 1967 to 1306 thousand tonnos in 1901-02. 

I.o.~ ~-·_:.:._ .:; r::: Hoavy ·Chemicals : I no rganio ho.01vy chemicals 

wh:: ·-: lncl ude caustic soda 1 soda---ashll calcium carbide 1 

cr:::l'L·J 1 black, titanium-dioxide r1nd othor chemicals like 

aluminium fluorfjdo, calcium .c2~~--jf<~~te;· !Jhosphorous etc. 

2I'u Paily onorgy intensive. Their oross energy use has 

doub1eu durinSJ 1961-1973. How,.Nor;. the energy intensity 

has declined duo. to improv<arnents in energy efficiency. 

Enorgy constitutes an important segment of thoir operating 

cost o.nd is an irnpo rtant dotenninant factor of the 

opor0tioncl viability of the; chemicals industry. Enorgy 

h 2 s thus ~JoC.JfiHl an irllrol.'t3nt p~r2rncter fa!' choosing 



• • : 46 : : .. 

{;;.jnsumption of petroleum Energy by Industries 

Furnace oil including LSHS/HHS/TDO 
(Thousand TonneS) · -

I 

IndLtst ry 
.12§1. 1 97 Q 1 9'/ 3 197 4 1 97 5 _197 6 

.Iron ::1nJ Stoel 267 311 439 440 324 402 

Textil Gs 504 

zoo 
Ce l'af," 1 .:::; ::; I. Glass 100 

Chem :_ ,~''.s 341 

50 

Sug~~ 19 

Mir: ...... ~> c.. Quarrying 75 

590 

129 

155 

493 

91 

39 

45 

650 

204 

219 

795 

1'10 

59 

560 

141 
205 

715 

96 

52 

'125 

590 

74 
171 

796 

115 

46 

101 

E ,.,1··- ' -···· n n:; .. 1 ..... ':'.1.~ g 77 

52 

310 361 320 295 

fe rt .t.l :Lz ors 90 266 2011 356 

----~--- ----·---- __ ... _ _..·---~-- ---· ------·-- ·- --·· 

Total Industry 1693 2261 

Totc;l consumption 3743 4651 
(all soctors) 
%to Grabd Total. 45.23 40.o61 

31~0 2949 2940 

5932 5705 5004 

505 

43 
179 

770 

141 

52 

201 

Zl? 

436 

--- -· -- ··- --- ... __ 

3174 

5661 

56.09 
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1977 1970-79 1979-00 1900-01 1901-02 

I ro n & S t o ol 4 7 1 610 431 417 591 

Textilos 523 403 430 611 500 
Cement 30 52 154 166 55 

Ceramics & Glass 153 134 1&5 224 101 

Chemitnls 799 703 011 1040 990 

Aluminium. 122 121 122 113 90 

Su~ar 40 42 41 37 26 

Min.i .HJ & Quarrying 175 226 260 275 131 

En!cJ·; . r;ring 229 179 250 195 210 

fr:, -:; .· . · zcrs 546 770 755 970 1306 
·--------

To4: ~.: . 11c~ustry 3104 3320 3447 4Q56 4192. 
------------------ -------------------

Tr; = '.Gnsumption 5045 6660 7001 7474 7104 

( t:i. J & :Jc·cb rs) 

I n~~u a'; -;:y % to 
to trl consumption 53.11 49.91 40 .6 fJ 54.27 50.35 

------·-----------·----------
Nato: Separate figures for LSHS/HHS are available 

since 1S7C-79 

Sourcv potroloum & putro-chr~;-niccls stetistics. 
var.L.'111S issuos .. 
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.Iable ~~Wl Trends in Consumotion of Petroleum 
Energy by Indust;;y Sector (LPG, 

LPG 

HSOO 

l.DO 

LPL 

LD. ;· 
,.; 

LPG 

HSOO 

LDO 

HSD D and LD 0) 

(Thousand Tonnes) 

j96_7 1970 1980-81 1981 ... 8' 

14.4 30.0 57 51 

106.0 119.0 618 651 

78.0 87.0 202 208 

Trends in Consumption of Petroleum 
~ fl_E),J'_gy in tbti£Q!l9ill .. L . ._ __ 

(Thou sand Torma s) 

:]967 j97Q. 1.$180-81. 1981-82 

74 166 405 492 

2785 3?36 10345 10832 

849 1047 1122 1036 

Share of Industry in Total Con~umption 
..2L£.§.tJ' ..Q~_al:!J.!!.__E Q.ft ~ _ _oy _ _ .. . (e err Q.~.Qj;a ..lli!?l 

..:l..9.fi1. .19ZQ 1980~§.1 1981-82 

19. 46 18.07 14.07 10.37 

3.81 3.19 5.97 6.01 

9.19 8. 31 18 .. 00 20.08 

-- --·-- --------·-- ·--.------- .... -------- .... -- .... ____ .. _ ---------------
Source: Indian Petroleum & Petro-.chemical Statistics 

-Various Issues 

Nota: Indus try sac tor includes I ron & Steel, Tax tiles, 
Cement, Ceramics & Glass, Chemicals x& allied, 
Aluminium, Sugar, Mining f~: Quarrying 1 Enginerring 
and fertilizel:'s. 
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Tabla 3. G. :3 

Sectoral Consumgtion Patturn of Coal in India (j~5G-51-tg 1~82~) 
(million tonnos) 

Ma]O.L soc tor /industry 1950-51 1960-31 1970-71 1274-75 19'Z5-76 197i-7'" 

Railways 1£1.3 15.7 15.34 14o 14 14o3@ 13.17 
Powor stations 2.3 6o 2 10.Dd 20 .3G 23~G4 2~.85 
Iron and Stool 3.!) 9.e 13.53 15.92 1C.f30 20.34 
Comont 1. 2* 2.4 6.63* 4.36 4.44 4.97 

Brick 1.3 1.3 • • 1.40 3.34 4.33 
Cotton To xt ile s 1. 5 1.li - ... 2.11 2. 23 2.41 
Juto 0.5 0.3 0.19 0.21 0.18 

Pap or 0.5 o.o -... 1 .. 40 . 1 .26 1.75 
Oomo stic Soft Coke 1.4 2~6 3.24 4.02 3. 63 4.02 
Other Indus trios 5.,88 13.0 9 19~99 19.75 17.52 18.54 
Colli.Jry Consump tj or! 2.5 3 2. 67. 2.78 3.29 
----- -... __ .._ __ .,.. ____ --· .... ·---- .. ____ ..... ____ ---- --------··- ·---- -•·"""-------~---- ---------....... 

~jor Soc tor /I nd_U..:? t.~· y __ .1_977-lO 1,278-ll 1979-80 1980-81 1981 .... 82 ,1282-8:· 

Railways 12.93 12 .. 13 11.36 11 .81 11.2 6 10.99 
Power Stations 25.65 24.80 30.03 28.15 44.42 49.45 
Iron & Stool 21.54 20.26 19.85 21 .o 1 22.28 22.39 

Cement 4.73 4.88 3.87 4,.75 5.72 6.14 
Brick 3.28 1 ,5 ffii'l 0.5 4® 0,.44® 0.66 
Cotton Textiles 2.50 2.34 1 .. 99 ·1. 97 2.37 
JutG 0.21 0.~6 Ou14 Oo13 0.17 ... 
Pap at 1.88 1.72 1.54 2.14 2.4 6 
Oomo stic Soft Coke 3.54 2. 68 3.38 3.05 3.09 
Othor Industries 23.81 26.23 29.31 32.10 2(1.51 35.83 
Colliery Con.sumption 3.32 3:.40 3.57 3.85 4.09 

------------- -'!"'!'.- -- --··-- ----------------- ~-~---- --- ·--... ·-- _____ .. __ ·~-·-~ -· --· ... .o:-- ----- ----:""-- .. 

* includos consunption by ~rick industry 

® supply by rail only 

Nota 1: SGparatu figuros for somo of tho industries for soma 
yoars ara not available. 

2: Figures of coal consumption for powor stations for 
1981-82 & 1982-83 aro pvo\isional. 

3. Figuros of coal consumption for powur stations oxcludos 
middlings (coal with high ash, contont loft aftor 
washing but usablo for pcwor and curtain other purposos.) 

4. Total availability of coal for industrial consumption, 
aftor adjustmont of off tako 1 is oquEl to production plus 
Impcrts minus oxports plus chang~ s in pithoad and in~dustr ial 
stocks. . .. · .. , 

Data Sourcos: 1950-51 to 1970-71 Enorgy Policy for India by 
R. ~. Fachaur i 
A ll I n d i a Co a 1 S t a tis t i • · s , v ar i o u s iss u o s. 
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Tabla 3.8~4: Consumption of Electricity in 
Soloctod Industries 

Catogory 

Aluminium (Primary) 

Como nt (Primary) 

Chemicals 

For ti l j zo r s 

Consumption as% of total powor 
.£.Q.!J.§_~mp t ion .Q:L_!_ n d us trios 

19€9 1979-80 

9. 35 10.13 

4,38 4.75 

5.39 13.,72 

10.47 11.66 

Iron & Staal ( !Jr im ary) 10.02 12.17 

Pap or 2. 97 4.43 
To xt ilo s 10.94 15.73 

··-----------... -·----....._ . ...., ____________ .... ____________________________ _ 

Sourco~ r,;onoral Roviow 
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T at;Lh!;.L1.&..5_~ Progross...l!J_Powor Co n.§.!J!I!p ti on 

(MklJh) 

Total Total Eluotri .... Non- Total 
Encrg y Power city Utili 
Sold Consumed sales as t ios 
(Utilitios) (Utili ti OS indus- gonora-

+Non- trial tion 
Utili tios) powor by 

utilities ----
1951 = 4793 6415 
195 2 5006 6687 
195 3 5597 8012 
1954 6251 8165 
1955 7111 9137 

195 6-5 7 7959 10151 
195 7 ~·58 9345 11 692 
195 8-fi9 10718 13058 
195 9-60 12407 14940 

1960-61 13840 16574 
1961-62 16448 19488 
1962-63 18 670 22085 
1963-64 21794 25830 
1964~65 24219 27964 

1965-66 26735 305 68 
1966-67 29128 33188 
1967 ... 68 32737 36855 
1968-69 37352 41098 
1969-70 410 62 45114 

1970-71 43724 48534 .29558 5384 34942 
1971-72 47063 52305 31 626 •• 
1972-73 49088 54398 32250 • • 
197 3-74 50246 5 6202 32459 6107 385 66 
1974-75 52632 58251 32684 6488 39172 

1975-76 60246 66022 375 69 6695 44264 
1976-77 66609 73025 41610 7240 48850 
1977-78 89255 7 6814 42365 7559 50194 
1978-79 77293 84900 47728 75 73 55301 
1979 •. 80 79084 87277 45955 815 7 54112 

1980~-0 1 82367 90772 480 69 8405 5 6474 
1981-82 • • • • •• 8600 • • 
1987-83 959•17 53522 

1 o Tctal pcwor consump.tion = Powor sold by utilitios 
c~xouluding onorgy usad in powor station auxiliarios) 
plus total gonoral by captiva plants. 

Powor consumption by Industrial Sector rofors to 
total powur sold as industrial powor by utilitios 
plus Non-utilitios gonoration illy industrial units 
(oxduding railways) minus anergy usod in station 
au xi 1 iarios = Not on orgy cons umod. 
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Tablo 3o8.6:; Coal Production in India (1950-1982) 

P:toductic[l_ Yuar Production 

1950 32o8 1967 ... 68 68.5 2 

1951 34.43 19 68-69 71,41 

•1 952 36.30 1969.;.70 75 .71 

~95 3 35$98 1970-71 72.95 

i 954 36?88 1971-72 72.06 

1955 ... :; 6 39 .. 00 1972-73 76.87 

195 6-57 40., 94 1973-74 78.20 

195 7-5 8 44.;.81 1974-75 88.41 

195 8-5 9 4 6. 68 1975-76 99.68 

~959-63 48.5 9 197 6-77 101.04 

1960-61 5 3"80 1977-78 100.97 

1961-62 55 0 18 1978-79 101.95 

19 62-63 63 0 45 1979-80 103.95 

19 63-64 65 013 1980-81 114.01 

1964-65 62 0 78 1981-82 (P) 124.23 

19 65-66 67 .. so 1982-83(P) 130. 61 

1966 .;.6 7 68.5 6 1983-84(P) '"131.89"'• 
---... --- ---·----··--,.,-·~-... ------- ---------·-- .._---..-.--.------------------
S0urcus: s. ~1ohan Kumara mengalam: 

Coal Industry in India (Through 1972-73) 
rrtc' ::-:::r:•'l:-·r.ic. S!-irvc::ys 198Q.-81 and 1983-84 

(P) '" Pr.ov isi'Jnal 
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technologies and making technological changes which result 

in maximising energy efficiency. rivailable datG on power 

consumption norms for caustic sods suggest that the total 

power requirement for production af une metric tonne of 

caustic soda is approximately 3500 kwh with the present 

~lorcury Cell plants which will go down to 2700 kuh in the 

newly installed Membrane Cell Plant*. The current price 

structure of energy and the consumption norms thus raise 

many questions rcqarding energy consarvation, inter-fuel 

substituti~.m and moro energy officiant polluti·:m froo 

tochnologies particularly in tho energy intensive chemicals 

and other industriGs. 

3.15 Paper _gnd......E_[;ill_Q£_8':-J:-!rd l_nclust~n Tho installed capacity in 

the paper nnd papor board industry has increased Frain 0.14 

million tonnes in 1951 to 1.54 million tonnes by tho end of 

1980 with a total invastmont of about ~.1000 croros**· Most 

of the paper units have come up during what could be termod 

as, tho low-co~t energy ora and while ch'.Josing the toehnology 

·-,nough attGnti;m· w3s parhaps not paid to the energy 

effiGioncy of tho ~ro~3ss. 

oxp2naion of tho ca~1city, raquiromont '.Jf gross 8 norgy has 

gone up from 3.94 lc; 1<h tonnes coal replacement in 1946 to 

26.3 lakh tonnes c'.Jal replacemQnt in 1973 as shown in Table 

3.7. In 1980 tho requiremant of power of the industry was 

*Report of tho SGventh PJnn L'Jt)rking Gr:JUp on Inorganic 
Chemicals. 

**Report of tho W·Jrkshor on C1t~rgy sponsored by ICICI. 

,, 
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sround 1.7 bill.i.'-ln 'kWh which was oxpected tCJ go upto 

2.4 billion kWh by tho year 1985o Tho ostimated coal 

and power requirements ~f the paper industry in 1985 

would account for approximately 6*1 par cant abd 2.7 

per cGnt rGspGctively of the total estimatod industrial 

d:Jmand in that year :bf tho respective sources. Tables 

3.8.1 to 3.8.4 indicate the recenttrends in the 

cqnsumption of commsrciDl onargy in paper and other 

.indus trios. 

Enorgy intensiti8s which have remained quito 

stable till 1961 had remarkably como down in 1973. 

A varioty of factors such as (a) product mix, (b) raw 

material finish, (c) capacity utilisation, (d) type of "' 

fuel UsGd, (e) oxtont of tho plant integration, its 

sizo and age, (f) use of Fuel- saving technology, etc. 

influence onsrgy consumption of differont units in 

tho industry. 

In a background paper on tho paper industry 

ICIGI in 1981 tronrls in energy prices and tho cost 

of ensrgy pe1 tonno of paper output were reviewed 



1974 

1978 

1979 

1980 
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observed as under: 

Trends in Enorg y P..E.Jc os 

C:Jal* Furnace Oil 
Rs. per tonne P.s-.-por Kl-

1974-1980 

Eloctricity 
o urcha sod 
~paisG per 

Cost of Energy 
r o r t :J n n e of 
output 

K' iii ' ------------ ----------------~· ·------- ----------·----~Rs. 
97.0 

141. 3 

148. 2 

209.7 

350 

1006 

1007 

1267 

10 

28 

28 
3) 

300 

626 

694 

857 

*In cl ud es cost 'Jf tra nsp or tati on. 

The background paper further obse!"Vod that tho cost of 

energy per tonno of output has increased more sharply 

than the unit consumption and that tho cost of energy 

has increased mora than per unit realisation. The 

iinplicati Dn and the los s'Jns aro clear that the recent 

trends in energy consumption and its costs should be 

rovorsod through short-term and 1 ong-torm c:Dergy 

consorv8tion moasures. Short-term moasures would include 

improvomont in capacity utilisations, and other technical 

changes while long-run measurGs •would include introduction 

of 1 Total Energy' concept, wherever feasible for recovory 

Gf hoat-w~stej changoovar from oil-fired to coal-firod 

boilo r s (i. o.) inter-f uol substitution : and ad option of 

fin<JncL~lly vi eb]::; on orgy conservation schemes through 

approprielG ons~gy officiant technologies. 



-:: 56 

3.16 Non-Forrous Basic f"b tr:1_ls: 

.. . ·-

Gross anergy consumed by Aluminium, Copper, Load 

and Zinc i.Jhich was 0.15 mtcr in 1946 had gone up to 2.19 

mtcr in 1966 alth<Jugh valuo ;;:ddud had just incroasod from 

~. 360 million to ~. 548 million ~t 1970-71 pricos) during 

this pori od rosul ting in a steady incroasc in tho on orgy . 

.intonsitius from o. 49 in 1946 to 4.0 in 1966. Aluminium, 

c~)ppGr and Zinc n re highly 1J owe r-intonsi vo ind ustri as and 

th3ir produr::t5.:Jn has boan considorably affected in the 

recGnt past on occ:Junt of shrJrtage of power. Aluminium 

alone consumud 10 por cent of total powor consumption by 

indus trios in 19 79-80. 1Uum inium pr rJdu cti on re quiros 

about 16,000 ~wh of power por tonno of motal from 

bauxite and electric power consumption accounts for nearly 

30 p or con t of tho production cost of aluminium. 

Aluminium todaY is the · :n ost important am angst 

all nan-ferrous motals. Noxt only to stool, it is tho 

most widoly usod motal in tho world. India has a 

prc;mising fu~uro fer tho aluminium industry in view of 

tho rocontly discoverod largo bauxito deposits on tho 

GC:"storn :::oast" P.:·csant.ly tho .installed capacity of 

a:Lumirdu,n .is 330 7000 tjyoar. A consorvatiW':D ostimato 

Gf tho fut.ura ciGmand grcwth rate has been placed at 8 per 

cant por annu~ so that tho cbuntry would need about 1.5 

million tonne of motal by 2000 ri.D'. Production at this 

level wauld roquiro 2400 to 2500 MW of power at the 

prosont laval of consumption norms. THe smelting of 
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aluminium requirGS uninterrupted and stoady electrical 

on orgy and thorof oro alumi ni urn smol tors nood to be 

locatod in a rogi~n of roliablo power sources or elsa 

captive pOtJor· generation may have to bo consid8rod f:br 

~porating smol tors at rated capacity. Aluminium, howovor, 

constitutes an tJn8rgy bank. Recycling of aluminium 

calls for only 5. 7 por cant of electrical anergy 

roquiro'1 for its proc.Juction. Th8 onurgy ne8d for 

recycling of various matarials is shown below: 

Matorials kWh/lsQ. 

1 • Stool 1. 96 
2. ~luminium o.s 
3. Cop por 3.79 
4., G.la ss 5.13 
5. Plastics 19 .. 8 

Recycling is, thoref~ra, tho appropriate answer to 

economically utilizo tho enorgy bank, in aluminium 

pr ad ucti on. 

Aluminium metal is usod in div8rso applications, 

uutstanding oxamples boing olectrical onginooring, 

building and ·.:::Dnstruction, packaging and transportation,. 

Tho most improssivo domonstration of anergY-saving 

affect ~p a~uminium is its application in transport 

sector. By ro.iuc.i.ng the doad weight of vohicles and 

incroasod payl1md, noteworthy fuel savings and a positive 

enurgy balanc:::; in favour of aluminium can bo achieved-

V8riou s procossos aro being d oval oped to reduce 

tho energy roquiromont which, however, aro yot to bo 

crmmorcially established. 
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3o17 Iron and S~ool Indust~~~ 

Ir-:m and Stool Industry is a singla large consumer 

of commercial anergy. It CQnsumod nearly 12 par cent of 

power and 35 per cant Qf coal consumed by industries in 

1979-BD. Historical trends of commorcial energy consumrtion 

by Iron and Steel Industry are given in Table 3 .. 7. Gross 

Energy ConsumrtiCJn has shown steady incroaso. However, 

onorgy intonsi ty has d oclinod since 1961. These trends 

basad on CMI-ASI coverngo do not scorn to reflect the entire 

industry's consumption when we compare with tho coal 

consumption data in Table 3.8.1. 

ri roforonco needs to be made here to tho mini stool 

plants which have been installed in all rogions of tho 

country. In 198m thoro were 146 mini stool plants located 

in variaus regions of tho country. Steal making units in 

the mini stool plant consume maximum of the energy which 

amounts to about 63 par cant of tho total energy required. 

About 89 per cant of this quantity is CcJnsumed in tho form 

This indicates the need for 

a major thrust in tho consarvatiCJn of energy in stool 

m:1king :iirectcd L1w2-rds saving tho electrical anergy. 

GGnorally, :1owovor, tho consumption of coal por 

unit of Valuo addud contributed by steel industry is vary 

h5.gh cCJIT!;Jared to the ratio for othor industries. Further 

mora, tho stool industry requires mGtallurgical grade 

coal (coking coal) and cannot use (except in a small 

proportion) non-coking coal. 
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The m::1in "'uels utilised by tho industry aro c•Jal 

and power. Tho c 'Jal (nCJn •• c oking) roquiromont of tho 

industry is currontly aro:Jnd oight to nino million tonm:los 

per annum and IJith anticipated build up of additional 

cDpacity (bases on dry p-rocoss), tho roquirGmont is likely 

to oxcood 12 million tonnos per annum by 1990. Soma of 

tho Dld cement plants hnvo dual tu-:ming facilities (coal 

and Purnc:JCG C'il). Tho consumption of fuol oil which was 

19 lakh tunnes in 1973 doclinod to insignificant levels 

and c:Jntinuod at low lovols till 1982. On tho other 

hand, powor roquiromont of the industry is oxpactod to 

increase to 1003 MW by 1989 .... 90. Tho historical tronds 

(Tabla 3. 7) indica tot that onorgy intensity has sharply 

gono up from 1951 to 1973. Inferior quality caal with 

lower lower calorific valuo, may be partly responsible 

fur highGr coal uso; on tho other hand price regulation 

may explain low valuG-addod in tho industry resulting 

in highor snergy intensities till 1973. 

Energy cunsumption Norms for soloctod 
_..\ S I i_!}d us t r i Q..§.__1_~~1--:1~----

3.19 f(n r:1ttompc has boon made to study energy consumption 

norms for selected industries by taking fuel-wise commercial 

anergy consumpti1Jn from tho Annual Survey of Industries 

1961 and 1969. Enorgy consumption n::1rms aro defined as 

unurgy consumpti em por unit of output. With tho 

introduction of bettor technology and process managemGnt, 

c'JnsumptLm norms r:Jr(l oxpocted to decrease for somo ,r 
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of tho industr·ios.,. Hc,wovor, consumption norms (onorgyf 

out p u t ) w i 11 inc r o a s <J c :Jm p 2 rod t o t h o p 3 s t d u o to : 

(o) 

Impr~vomonts in quc:llity ~f products; 
Substitution or humc~n and animal energy; 
Substitution of non-commercial energy; 
Fall in capacity utilisation due to 
interruptions in productian for a variety 
of resources; and 
docro<-~sing quality of coal and increased 
u so of coal ins toad of gas or oil. 

If tho vnluo added par unit of output does not dooroaso, 

than onorgy inb:Jnsity will docroaso with the docroaso in 

cunsumpti ~J!l nc:.rm. A comparison of consumption norms of 

30 solocted ~SI industrias for 1981 and 1969 (Table 3.9) 

shows tho foll~wing: 

1. Group I is a sot of oight industries whoro one.,-gy 
consum'ltion of oll forms has incroasod. Those, 
inter ~lia, include Jute, Textiles, Vegetable Oils, 
Ge mont, Iron & Stool , Castings and Refrigerators. 
~s a result thoir gross onorgy usa per unit of 
output has go~e up and thu LDnsequont increase in 
energy consumption norm, Thoro, howevorJ sooms 
to be an inexplicable rise in coal consumption 
f .. Jr cement. 

2, Group II is a sot CJf eleven industries whoro onorgy 
consumption of oil and electricity have incroasod 
at thZJ expense CJf coal. Theso include sugar, 
fire bricks and refracto~ies, synthetic rosins and 
plastic, iron and steel, iron pipes, basic metal 
industrius and cotton Toxtilos, As a rosult of 
this inter-fuel substitution, gross enor~Y 
c-msumpt5.cm ;-wr unit of output has doclinod in tho 
caso 'JI suge.r 1 cigarotto, fire bricks, rofrac .... 
tories, snuats and plate glass, iron and ~oal 
iron r:Lpos and in tho caso of othors, energy 
consumption por unit of output incroasod. 

3,. El:Jctricity consumption por unit of output increased 
1n tilu case of hydrogonatod ·oils, odiblo oils and 
structuralsj Excopt in the caso of structural-s 
~hich oxpa~i3nced marginal incroaso in the gross 
Hlorgy usa, other t~,Jo industr;i.os consumption norms 
r. .... mair,c:_, L.:<Jnstant. 
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Energy Consumption Norms for Selected Industries 
(eonauroption of__[.Q_a~il and EleG~tricity per unit (Lutput) · · · · 

__________________________ j961-----~------------•-------------------1~~~-------w-------~-~~~~~ 
Industry Unit Coal Fuel Electricity Gross Coal Fuel oil Electri- Gross % chan!!e in 

of incl. 0 il Energy incl. incl. city Energy Gross Ere rgy 
Output Coke Use Cbke Diesel Use use 1969/ 

-------AB~i+±-------- 1960 
-----

~~==~~========~:z:::~;;~;~y~~~;~;==~~~~=;;~;=~;~~;~;~~~j~t~~~;=z;~~~;~j=={~~~;==::::JJ::::: 
Cocoa and Sugar Hund. Oe692 0.039 
confedt.lonery Tonnes 
Breweries & Malt Th. 0.156 

Li.. .. : ':res 
Jute Textiles -Jun.25.55 o.047 

Tonne 
Vegetable Oils Th. 6.17 0.734 

Tonne 
Cement Tonne 0.332 0.003 

I ro n h. .St..ee.l Hun • 
Castings Tonne 
; j !' (~r; n r! ; t ; o!"l:? _.,_ H u n Q 

& Refrige~ JNos. 
rat·o rs . Th 

Sto~d~8 • 
Batteries Nos .. 

J]_ 
Sugar Tonne 
Cigarette Million 

42.o5 

1. 426 

3.03 

o.oo9 
o. 50t~ 

Tannery Th. Kg.0.992 
Synthetic Tonne 0.985 
Resins &Fiastic 
Fire 8 ricks Tonne 1.290 
Ref r acto r i e s Hun. 41.59 

Tonne 

o. 39 

0.67 

0.84 

o.oo7 
0.032 

o.oo6 
o. oo6 

o. 005 
3. 80 

o.058 0.789 

0.154 o. 31 0 

45.(')8 7 o. 67 7 

2.13 ~ .. 034 

0.058 0.393 

1 o. 91 53., 35 

14.03 16.126 

5~19 9. 06 

0.125 0.191 
o.244 o.78 

o. 724 1. 7 2 
o. (6 1. 051 

0.04 1. 335 
4. 7 4 50.13 

1.37 0.117 0.24 1. 727 119 

o. 561 o. 082 0.306 0.949 206 

26.38 o.o74 58 .. 11 8 4. 564 20 

i-.7 1. (388 4.19 11. 97 8 33 

1.64 o., o··JG 0.,522 2.178 '454 

49 .8 9 12o1r: 57.8 Cl 1 'l '<.l R't- 125 
.... 

0 .. 38 2.58 19.20 22.16 37 

4.71 1 ~ 4~) 14.29 20 . .45 126 

J.o4 o.oi4 o.o36 o.n9 (-~ 53 
0.199 D. 075 0 •. 364 . 0.6 38 (- 18 

0.934 o.oc: 1.14 2~~34 24 
0.171 0.1 ~ 2..,.27 2;>591 147 

0.87 4 D.16 O.Q76 1. 11 (-~ 17 
18.88 14.7 9 7.48 41.15 (- 18 

~ ~ - - . 2/. ~ -
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-----------~------~------------------------~~--------~-------------------------------------- --- ~ .4 . 6 " - -
-------1------------~-------~------ -----~-------------Z~------~------2----~-lo _______ ll ______ _ 
sheets & plate Sq. Mts, o.o12 o.oo1 o.oo7 o.oz o.oo8 o.oo3 o.oo13 o.o123 (-) 38 
Glass 
Iron & Steel Hun. 101.829 2.38 21.18 125.399 62.02 2.51 24.72 89.25 (-) 29 

To nnes 
Hun. Iron pipes 

Basic Metal 
Industries 

·Cotten Textiles 

_!_LL 
·Hydro gena ted 
Oils 
Edible Oils 
St ructurals 

IV 

To nnes 
Hun. 
To nn es 
Hun. 
Tonne s 

22.18 

117.39 

206.39 

Hun. 30.23 
Tonn es 
-do- 7.76 
-do- 14.53 

8 a k e r y p ro d u ct s H u n o 1 7 • 5 2 
To nnes 

M a nm a d e F i b r e s T a n n e s 2 • 4 2 
power Driven Numbers 0.05 
pumps 

v 
Tea 

Soaps 

Insulate rs 
Ferro- Alloys 
Writing Paper 
etc. 

Hun. 36. 4g 
To nnes 
Th. 10.59 
Tonn es 
Th. Nos. 0. 8 6 5 
Tonnes 0,168 
Tonnes 2.99 

o. 77 16 .9~ 39.85 11 • 46 

431.7 4 7 2.16 

24.31248.36 479.B6 162.90 

2.5618,14 50.93 25.70 

1 • 4 8 5. 7 5 1 4. 9 9 5 • 8 8 
1 • 7 7 16 • 26 3 2. 56 1 0. 8 0 

2. 25 17.95 

22.58 562..04 

,f5Z.36 359.48 

1 .. 49 23.63 

1. 38 7. 37 
1.51 21,.65 

31.66 

656.78 

554.7 4 

so. 82 

14.6! 
33.96 

3.4~ 2.5.3 46.29 4.2 3.,44 12,.82 20.46 

0.57 2 .. 93 5,92 0~82 0 .. 01 0.,592 ·j.522 
D.C'14 0.034 O.Q98 0 .. 001 'J •. 005 Oa026 0,.032 

3.09 21.89 61~47 

11.33·12.78 34.7 

~ 185 0.832 1.882 
- ~.52 4.688 

0.047 0.81 3.847 

38.277 

4,59 

1.05 
o. 067 
1.77 

33.17 

14. 26 

0.25 
Oo 06 
0.354 

13.17 

12.55 

D.306 
3. 7 2 
G. 79 

31.40 

1 .606 
. 3.8 47 

2o914 

(-) 21 

52 

16 

4 

56 

(-) 7 4 
(-)67 

38 

(-)10 

(-)15 
(-) 18 
(-) 24 

-----------------------------------------------·---------------------------------------------
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4. Group IV is n sot of industi'ies which include 

bakGrY ;::;roducts, manmade fibros and powor driven 
pumps. In thoir cnso energy consumption of all 
forms d ac rea sc;d. 

5. Tho romaining fivo industrius witnessod othor tyro 
of vari2tions in fuel consumpti'Jn and as a result 
of which gross onorgy consumption por unit of 
output decreased in the caso of soaps, insulators, 
ferro nlloys and writing papor, ate. Only toa 
industry recordod an increase in tho anergy 
consumption norm. 

~uol-wiso Consumption Pattern 

.(;_t;Ja 1 C o.rl.§.!:!.Dl..P. ti on 

3. 20 Soc t oral cunsumpti on sta tis tics ar o· compiled in a 

rudimentary form. Oisaggrogatod consumption figures aro 

available in terms of hardly 5-7 industria~. Tablo 3.8.3 

bring t:Jgothcr such stcJtistics as are available from a 

variety of sources. Consumption stc1tistics are mainly 

based o;-1 railway shipments as for coal distribution controls 

are administered by railways. The c :msumpti on stati~tics 

of tho four priority soc tors namoly, railways, power, 

stool and cement aro fairly reliable as they do not buy 

coal from othur tr,3dors. Other industrial buyers do soma 

buying and snJ,ling cJnd honea tho dotc:3iled industrial 

broak clcwn of consumption is not vary accurate. In tho 

Dbsuncq of :lQcurato breakdown it is difficult to work-out 

r.oliablo consumption norms for domand projections. 

R,Jfinod Petroleum Products: ... -·~ . ~- --<"-'-~---------- ... 
3. 21 Rofinod potroloum products are usod by tho 

manufacturing sector far energy as wall as non-anergy 

purposos. f:mong non-onal;'gy uses, naphtha goes into. 

fortilizors, rlsstir,s and ar.tificial fibres although some 
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fortilizor plants a~s reported to havo usod naphtha as a 

fuel. In 1982-83, 2;)89 millicm tannes :Jf naphtha was 

oonsumod out :Jf whlif!h 2.2 million tonnos was consumed 

by fertilizer industry, J,67 million tonnos by petro­

chemicals and the negligible balancG for other purposes. 

A little quantity of korosona is also used in tho 

manufacturing for cleAning machinery etc. Estimated 

consumption in 1971 wDs 3€1 thousand tonnGs cnly. Industry 

:>oct or b~sicqlly Us:Js c' iusel oil and furnace :Jil for 

cap titte power plants and othor ono rgy us as. Ta blo 3. 8.1 

gives the fuel oil consumption by industries.· Trends in 

consum;:"tion of LPG, HSOO anrl LDO by industry sector since 

1967 are rresontoc! in Tabla 3.8. 2. In a study of 

Con sump ti on Pat torn of S oloct od Potr oleum Products 

undortakon by NCAER in 1971, it was obsorvod that the 

industrial S<Jctot c:.Jnsumod furnace oil' raoo and IDO in 

a ratio of 92.1, 1.53 and 3.2 respectively in the 

manufocturing procoss. As tho products liko furnace oil, 

hot heFlVY stJck (HHS) and low-sulphur ·heavy stock (LSHS) 

aro usoc as fuel for burning, tho quality differenco 

among thum b•3c~moe:: unimrortant. Hence the data on them 

is comb.::.nod~ 

J,:,lectricj.ty 

3.22 Alumi~ium, Cumont, Chemicals, Fertilizors, Iron & 

Stool 1 ParGl' & 1extilas takon togothel;' consume bulk of 

powor c:Jnsumpti~Jn by industrios. Tabla 3.8.4 indicates 

their share in t~tal powor consumption by industries in 

1969 and 19 79-80. Prog ross in Power consumption since 

1970-71 (Utilities as well as Non-Utilitios) by the 

Inc!ustry sectcr· may be soon in Table 3.8 .. 5. 
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Trends in Fuel S ubst it uti on --

•• . . -

3.23 Energy substitutiu'l is an intogral part of energy 

dovolopmont, Tho most important substitution problem at 

tho macro lovol is concGrning tho replacement of non. 

c ommorcial G nor gy res our cGs by c ommorcial forms. Within 

tho manufacturing sector, thoro is a noGd to minimize tho 

usa of oil by subst.Huting coal to as largo an extent as 

possible bocauso c'JDl is abundantly available in tho country 

whilo tho country is in deficit in all potr:Jloum fuols. 

T3blo 3,8.6 gives tho coal pr:Jduction sinco 1950-51. Tho 

dem~:1nd of oil is met by importing both crude as wall as 

finished products, rosulting in largo amounts of foreign 

exchange loss. But with tho advancomont of technology part 

CJf coal is rather roplacod by oil. With tho Naphtha injocti on 

in blast furnace, the molten metal output for the same 

furnace volume incroasos tremendously. Similarly other 

industrios such as brick kiln, comont, glass, tank 

furnr1ces, ate. roquiro much loss thmns per unit output 

whon fuol oil is usoc:i in comparison whon coal is usecJ. 

ru:ct:har it is rc•p:;rtorJ thc-Jt l::Jt of fuel saving and highor 

pr::Jducti'·'n can bu ''lchit::vad thiough gasification of liquid 

fu'Jls IJcf2rG ~oing firod in tho furnace. 

3.24 G~.;;nlirally tht'J f'Jllowing considerations are important 

in tl-)e ch:'iCE: •.Jf fuol: 

1. {!wdJability 
2, Supply 
3~ Prico 
4. Spccifipd Industrial RoqL.-r:-omonts 
5~ Efficiency of Utilief!tion 
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first consideration sut;g2sts t~1at as the country is deficit 

in so far as availability of potroleum fuols in India aro 

concerned, replacemont of n~Jn-putroleum fuel with potroloum 

products in bGik quantity may not be oncouraged unless it 

is in tho national intarGst. But c:1s regular supply of coal 

is difficult duo to railwaY bottlenecks and interruptions 

in coal pruduction duo t:J uncGrtain labour conditions and 

low productivity _Jf labour, it is difficult to replace 

potrul eum fuels. 

3,.25 Cost of fuol is muro important in cases whore cost of 

heating in tho finished product is quite considerable as 

com~ared to the total cost. Such industries aro thermal 
' 

power gon 8rat i ::...n , steel , co mont , etc. In other ca so s whore 

fuel bill is insignificant or quality of product is moro 

important than any other factor, cost of fuel occupies a 

secondary placo, In tho former case fuel requiring simple 

burning arrangement and low capital cost and in tho latter 

c:aso, fuols tht't can produce desired finished product ar.o 

3.26 Rwc:ont b:-and is r~lso not only to compare the prices 

of vari'JUS fuels on th,J basis of calorific valus only but 

als.-j t,, c:Jnsic1•.:;r vnri'Jus officiGncies of utilisation. It 

has bJcn rgp:::;rtor:l that in Britain, oil avon at three timos 

tho prico of c'J~Jl pur tonne was found to be cheaper per unit 

of output in th I? f urnnces specially d osig nod for oil firing. 

rictually potroL:;um fuols posaa~ such qualities that they 

can r3the1r ropL~ce CJtf-JGr cunvontional fuols liko coal in 

most of thr:1 applic-<Jtions. Even if liquid fuels are 
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available at highor cCJsl;s, thoy may incroaso the output of 

tho existing plant in such o proportion that it bocomos 

overall ocontJmicAl. It is furthor roportod th;]t through R & 0: 

efforts, it is pCJssible t~J bring r!own fuel consumption by 

suitably changing tho design of the burner. 

3. 27 Those factors h;::JVe affcwtod tho process of substitution 

in India, Thoro has h.srdly boon any substitution of coal 

for oil in stoam reising. The reason is that in terms of 

th3rmal officiGncy, oil fired bailors hove an odge over 

cDal fired onos. Even if oil costs little higher than coal, 

it is still proforrod for simrlicity and more perfoct 

temperature c:.mtrol. Tho bulk of tho ail usod for raising 

steam is in regions far away fram sources of c aal and till the 

problems associated with tho transportation and distribution 

af coal of assumod qU8lity on a sustained basis continutl 

it would be unrealistic to oxpoct any switch from oil to 

coal USG ~ howovar, rlosirablo that; may be from the balance 

of [:C:Jyments angle.. ~s the priority uses of both gas and oil 

:r;•ea r to b o d iff ar-en t, any significant su bsti tuti on of 

y.ls ·1"ur ,_;ll 2s ~:~L~,;:: fL.:..l d:.;os not seem to bo possible, 

Iq ceramic inr~u~tr;' tachnically gaseous fuel is tho best that 

c2n ~:)chi.ovo tomroraturo and atmosphere froo from sulphur, 

3. 2C Subs ti tu ti on of 1 n '::Jn-commercial t fuels by c ommorci al 

fuols is inevit:::1bLJ rosulting in higher elasticity co­

officiants., H:Jwovor, the extant of such substituti:Jn is 

difficult to bo ostim.:Jted. A~I rlota roveals that Bagasse 

cr:)nstitutos 6C por cont of 'nDn-commercialr :1nergy 



consumption. As per tfle Indian Sugar Annual Number 1982, 

the prorluction of wet whole sugarcane bagasse in 1980-81 

was 155 lakh tonnes. Most of thg ~agasse produced at 

present is burnt in the s~garcane mills as fuel to 

generate steam relqluired by them while technically it 

can be used as a valuable raw material for producing 

paper (on an average, 6 tonnes of wet whole bagasse can 

produce 1 tonne of paper). But this may perhaps not 

be substitutsd since the supply of bagasse is so very 

reliable for the industries that consume it. factors 

like distant location of the paper mills, seasonal and 

fluctuating supplies of bagasse are some of the practical 

diffirelllties i.1 bagasse pulping becoming a commercial 

proposition. Integrated plants of sugar and paper may 

perhaps be the only answ8r as proposed by some researchers. 

3. 29 A number of industries like brick making, mini 

paper mills etc. use firewood and agricultural residues. 

In the absence of latest ASI data, the direction of 

their s~bstitut~_on in the recent past is not known. 

hdv~sory Jos~d on Ensrgy(ABE) hai observed that 

a si9nifi~ant a,,;o•Jn: of energy usod in the industrial 

socto'~ is in LY' {orrr: of heat. Roughly 65 per cent of 

the energy ccnsumt:'ld is for process heat. :eoduatll'ies 

liks st~0l, cument 9 metal forming require heat at very 

high temperature. There are, however, a number of 

inJUstries Wf;.:_ch lJSi:~ heat below 5QQ°C for which COal 
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oil and firowood are used. Thnro is anothor largo '38t 

of industries, the hoat roquirumCJnt of which is bolow 

140°C. Thoso include tea, tobacco, sugar, agricultural 

products, animal feod, wood :uasoning, rico milling, 

paper, toxtilas, brewGrios, piggerios, distilleries 

and the like. Advisory Board on Enorgy(ABE) is inclinod 

to the view that in such industries, the uso of coal 

mainly and to a lesser oxtt~nt wood and oil for meating· 

low-grade requirements in industry can bo roducod 

through solar enGrgy and other forms of unergy like 

wasta heat recovery. If this potential is realised it 

may bo possiblu to substantially roduce the use of 

coal in industry. 

3.31 In India, howover, it is difficult to substitute 

pr.osont oil applications in Industry which are otherwise 

quito minimum due to various administrative controls. 

Seco~dly, fuol substitution requires plant modifications 

which may possibly require large investments. Lack of 

assurer:! coal and power supply also hinder the normal. 

procoss of subbtit~tlon dictatod by various economic forces. 

! · ... ' l,. -·' - .. 
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~ H A P T E R - 4 

THE CHANGING ENERGY CONSUMPTION PATTERN 
OlJHING SJ.XTH FIVE YEAR. PLAN, 1980 ... 85 

4.1 The pT icing st rue ture of commercial energy 

during the last one -decade has undergone a sea _change. 

\Jith this change in the pricing structure, the , 

consumption pattern of coal, oil and electricity 

should change in principle so as to encourage 

substitution of' oil if coal and electricity supply 

could be reliably provided. In 1977 coal, electricity 

and fuel oil were priced approximately at 90 '250 and 

450 per mtcr, respectively (i.e·. after discounting for 

fuel efficiency). The prices of petroleum increased 

further in 1978-79 due to global rise in the price of 
of 

petroleum prooucts. This ris8 5.n pr.i.ces outLline with 

the f.enat"al .Index furthGr changed the pricing structure 

to e.ffect c;ji·stributional changos in response to price 
. 

rises as well as the tempo of development in the 

sectors -particularly using energy derived from 

petroleum p~oducts. 

4.2 With the ·change in tho b:,w-kdrop, it is of great 

interest to analyse how the planners projected these 

changes in tho consumption pattern for 'the Sixth Plan 

1980-85 :in the input-output block of the core model. 
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The year 1979-80 ~,,as adopted as tho baso year for 'the 

purpose of projoctions. The technical note·< on the Sixth 

Plan (1980-85) has constructed Input-Output Transa:tion 

Table shnwing intormudiate use and final demands for 

Indian oconomy_for the year 1979-80 and projections for 

1984-85 in eighty nine sectors which, inter alia, reflects 

tho pattsrn of uso of oloctricity, coal and petroleum 

products for those ttJO years (Tables 4.1 to 4.6). 

CONSUMPTION £'_ATTE~N OF PETROLEUM J~£L9_DUC[~_:_,__1979-80/1984-85 

4j3 Tablo 4.1 presents tho intur-industry usa of petroleum 

products in th8 Indian Economy in ~979-80 and 1984-85. 

Tho Plan anticipatod a marked chango in the percentage 

share of consumption for tho agriculture suctor which 

consumes diesel oil For tractors, pumps, power tillers 

and power sprayors. Dn tt1o other hand a marked decline 

in the sharo of transport sector and a somewhat smaller 

decline in man uf actur ing so ct or was ex p2 e;tod. Ta blo 2 

indicat.os thG ox-po~t and ux~,anb1 availf~bility and 

disposal of petroleum products. It was c3stimated that 

by 1984-85 the country would import 36 per ,cent of total 

oil roqui re me nts. While 76 per cG nt of thn available 

petroleum products were Gxpcctod to be consumed in tho 

inter-industry use, the share of privato consumption in 

tho total disposal was cxpectsd to go down from 28 per 

cant in 1979-80 to H3 per cont in the total. However, 

the sharG of GovornmGnt consumption was expected to go 

up from 3.98 per cent to 6.37 per cent. This consumption 
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pat tern assumed that tho d orne s tic output wi 11 incro ase at 

a campound rate of growth of 6.3 per cont. However, tho 

actual ad:ic:vGment of 5.2 per cGnt has br;an short of this 

target (Table 4.8). ·If tho gap is not filled up by imports, 

tho projected c8nsumption pattern will be much different 

from the actual. 

CO\!SUMPTION PATTERN lT COAL:- 1979-80/1984-85 

4.4 Socondary sector consumed 90 per cL'lnt of the total 

coal cunsumptiJn in 1979-80 and this sha~0 was expected to 

remain unchanged by 1984-85. H owover, tho s h8re of manu-

facturing was cxpoctcd to go down fr';m 59.56 par cent to 

51.92 per cent at.: tho end of Sixth Plan. On tho c 'Jntrary 
' 

gruater ptJrcontagG of coal cunsumption by f.loctricity, Gas 

and Water supply was oxpocted in 1984-85 with the share of 

thermal petwGr gon~:q:-;:~tion g•Jing up. (It went up from 54 per 

cent in the tDtal p QL.IG I' genoraticm in 1979-80 to a little 

over 61 pG ;:' cent in 98 .. ' 1 ~-63 ,. Inte ro stingly , rail tl:'ansport 

will c :~m surne 30 prn· cent muru coal in '1984-85 as compared 

to 1979-80. However, during those five Years the share of 

coal c.msumpti:.Jn by railways will move down from 6,.35 per 

cent t~_1 4.84 per cent. 

4.5 Gamont Industry and man made fibros that are 

experiencing grsut oxpansicn at this stage will be consuming 

nearly d aubls the quantity of csal at thG ond of 5 ixth 

Plan compax-od tu their consumption lovsl in 1999-BO. Tho 

share of cJnsumptinn in tho total will howev8r go down in 
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tho case :Jf rufrcctoriss it ·ir:Jn and st,::;ol and n'ln-ferrous 

metals. While tht; inter-industry usc :Jf coal will ·! · 

r3l ati vo ly in erG asG , both pr ivato and Gave rnme n t ccmsumpti on 

was Gstimatcd tu curtail thair percentage sharo in the total, 

although their absolute cCJnsumpti::m levels wero projoctod 

higher than bof ~Jr(:) (Tabla 4). 

4.6 In 1979-80 coal c:.msumptiCJn was loss than the 

domestic (,utput ~:ll though countr)' was importing bottor 

quality of c:lal for stoel plants r:;tc. But it was estimated 

that fiv,_. ~' ~rs after, domestic output ',j'.ll bs less than 

the roquirud availability. Coal output was oxpectad to 

g r ow at a rat o Df 9 • 7 p o r c G n t r c r· en n u m clu r i n g tho S i ~ t h 

Plan. Hot,;evrH, tho increase is cxpe3ctcd to bo ar.CJUnd 7 per 

coAt. Slower growth will affect tho normal procoss of 

substitutiJn bosidcs~.!ffocting capacity tttilizJtion levels 

in many industrios. 

4. 7 Table; 4.5 and Table 4.6 ralato to oluctricity. The-

inter-industry uso :Jf Glectricity projuctod for the trirmin•l 

year of 1984-85 was not expectsd t'J be markedly different 

from the f.H'GVailing use in 1979-80 althrJugh the level of 

intermediate c~nsumption was to be highsr by 62 por cont. 

Agriculture sector was expoctcd to double its share in the 

oloctricity cunsumption frcm 2.5 par cGnt in 1979-80 to 4.9 

per cent in 1984-85 while tho share c)f soc'lndary soctors 

c::msumpti:Jn hi8S tc: ttJmain roughly constant. As electricity 

cannot be storod and its impori~s or exports ft·lm naighb ;uring 
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countries aro negligible, the trJtal damestic output 

(utilities + n~:m-utilities) was expected to meot tho damand 

fCJr inter-industry use and private and Govt. consumption. 

This suctor was expected to grow at 11 po.r cent per annum but 

the actual growth of electricity is estimated to bo around 

9 per cent during the Sixth Plan, 

4 .. 8 Tho irntJlications are quito clear. The manufacturing 

sector which is the major c'msumur of sh:ctricity would not 

bo abls to opuratc at tho desired levels of capacity 

utilisc:~ti.-,n. Sr.iC'Jndly, intor-fuol subst.:ihlt.i.c;n dictated 

by tho pricing structur~ would not bo possible due to the 

supplY bottlGnGcks. 

4.9 A striking departure from tho rlGn p~ojoctian is, 

howovor, SGGn in t~Jblcs 4.7 and 4.S. As p::1rt ::;f the energy 

strategy , in 1 980 · s oil exp 1 n:a ti on V<:~·" intensified to 

inc.reaso indigon~JUS producti~:;n. As e .:-csult of these offorts 

crude ail production growth rate of 19~31 h~s far exceeded 

tho expected t<n·get of 13 por cent durin1] tho Sixth Plan 

which will ,:_,aso the availHbili ty Df w~t.rol::::Jm products in 

ths coming yoars. 
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JABLE4r_1: DETAILS Of INTER-INDUSTRY USE Of PETROLEUM PRODUCTS 
lN THE INDIAN E;CONOMY 1979-SQ & 1994-85 _ 

si:--s~~t~;ii~d~~t;~---------~-1979:8a----------------"-----1984:85----------~---1984:85 __ _ 
No. Rs,crores As ~ere3nt Rs. crores As ercent 1'979:So 

-------------------·---------------------~f--~~~-------------------~-~!-~~~~- _ .~change 
1. primary 

Of which: 

(a) Agriculture 
(b) Mining & Quarrying 

2. Secondary 
Of which 

(a) Manufacturing: 
0 f which: 

Cotton Textiles 
J ut e Text il es 
Wood products 
Chemical Fertilizers 
other chemicals 
Cement 
Iron & Steel and Ferro 
Alloys 
Non-ferro u r Metals 
Mota r Vehicles 
others 

(b) Gas, Elect~icity 
and· Water ~)Up;.JlY 

3. Tertiary 
0 f which: 
Transport services 
Railway Transport 
other Transport 

Total Inter-Industry 
Use ( 1 +2+3) 

- ---~---------

398,.20 15.36 1169.29 26.91 194 

317 .. 47 

. ... 
929.52 

789~65 

78.11 
24.80 
85.70 
40.60 
13.72 
23.72 

122.44 
34.35 
28.11 

338" 10 

'139.87 
1265.64 

12~ 24 ... 
35., 8~. 

30.4S 

3 ... 01 
o.95 
3. 30 
1. 57 
0.53 
0.91 

4. 72 
1. 32 
1. 08 

13.04 

5.39 
48.80 

1 o4o~ 2o 

0 c 

1391.:36 

1153.00 

81. !15 
27.83 
111.09 

76.14 
24.30 
45,.63 

177.31 
55.70 
46~ 77 

509.6 8 

238. 36 
1784.81 

1717.45 
158.69 

1558.76 

23.94 

• • 
32.02 

26.53 

1.88 
o.64 
2~56 
1.75 
o. 56 
1.05 

4.08 
1.28 
1. e8 

11.7 3 

. 5.49 
41.07 

39.53 
3.65 

35.88 

228. 

~· NIL 
50 

46 

4.4 
12 
29 

7~5 
92 

45 
65 
68 
51 

42 
42 
42 

46.77 
4. 31 

42 .. 46 

1212.97 
111 .8 5 

1101.12 
----------------------------~---------~~--------------~--~------

2593. 36 1 oo. 00 4345.46 1 oo. 00 68 

. -------------------------------------------------------~----~-------~----_.,. ___ ..,. ______ ........ ------- ., 

--------~~------------------------------------~~----~---~------
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TABLE4•.2: AVAIL8B ILI "fUN 0 OI Sp OSAL Qi p ETRJ L EUM p FD QU CTS 197 9-00 &' 1 SB 4...8§. 

(As obta~ned from the Infut-OutiJ.!:!.i Trcn sections Tables 
· In er-Industry 

projected in the technical note forthe Sixth plan for the 
f!!levart yeara_ · 

________ .,....,. ______ ..,. ___________ ... ____________ .... ___ ..., ___ _.~,...--------- ... -------~----.. --------.... -~-- .... ~-.,..~ 
Sl. 
No. 

I tern 1979-80 
~ ro res p e r c.a~t of 

total 

198~m5 -Rs. c ro ref: percent o.f-
total _ .. -~----------- .. -------------...----- ... , .... , ______ ,..._~--~-... --~ ... ----- -----~-------------- ... ---------:----:--.-

8V ail ability_ 

1. oom estic output (Total) L.B 31.,? 1 7 3. 90 3842 0 34 67 .oo 

2. Imports 1017 .. 20 26,47. 2037 .. 00 35 .. 52 
3. Exports (1 ess) c~. o • • o. .. c • • 
4. Change in Stocks 

Increase (-~ 
'· ··1230 o. 32 ·-144.60 2.52 - -

Decrease (+ • • • • ·r-

Total Availability --
(1+2-3+4) 3831.1~ 1oo.so 5734.74 1oo.co •' ---

oispo sal 

5. I nte r-I ndust ry Use 2593.36 67.69 4345')46 75.77 

6. private Consurnptio n E.xp • 1 085 .. 24 28.33 1024.03 17.86 

7. Government Co nsunptio n 
152 .. 51 3. 98 

:!. ll. 25 fi. 37 Expenditure 

Total Disposal (5+6+7) J8_.=L1_~11 "1olh,GO :J734. 74- 1oo.no -·---·-.. ---
-------------------------~-------------------~--------~~-------~-~-~---------------~------~. 



TABLE ·4 :3:Details of Estimated Inter-Indastry Use of Coal & 
· Lignite in the Indian Econom! 1979-80 i....1984-85 

si:---s;~t;;;i~d~;t;y------------1979:~;~~------===---1984:85------~------1984:85 ____ _ 
No. Rso Cm res· As ~erc8nt Rs. Crores As percent · 1979-80 

-------------------------------------~f--~~2~--------~-----------~!-~~~2!-----~-9b~~~2----
1 • P rim a ry Sect o r 1 9 . 01 1 • 7 ~ 7 0 • 81 3. 7 3 27 2 

Of which: 
(a) A9 ri culture o .. 7 0 

~b) Mining & Quarrying 8.25 

2. Secondary Sector 1007.44 
Of which: 
(a) Manufacturing 

(b) Electricity, Gas 
oflctl Water Supply 336.,~ti 

p ap e r & p ape r Bo a rd 

Misc. Coal & petroleum 
pro ducts 
Chemical Fertilizers 

f"l anmad e Fib res 

Refractories 

I ~ ro n & S t e e 1 

Non-ferrious Metals 
cement 

3Q Tertiary Sector 

Of which: 
Transport Services 

Railway Transport 

Other Transport 

29,57 

180.09 
28 .15 

13.17 

89.43 

106 .. 54 

16.11 
45.06 

~-·-·---·-·-··---
8'/ ,67 

-·--- ---·~--

7 o. 79 

69.41 

1. 38 

0.06 

o. 74 

90.42 

59.56 

30.17 

2.6 .5 

16 .16 

1.18 

8.03 

9.56 

1. 45 
4.04 

7.87 

6.35 

6,23 

o.12 

57.55 

1715.52 

718.26 

28 o. 55 
52.79 

28.37 

125.96 

158.78 

26.12 
86.6':' 

11 2. 81 

91.85 

89.95 

1.90 

o.cu 

37 .. 8? 

2,, 4i; 

14.78 
2.78 

1.49 

6.6 3 

8 • 36 

1. 38 
4. 56 

4.84 

4. 74 

o.~o 

/42 
598 

7c 

49 

114 

57 

56 
fiB 

115 

41 
1''49 

62 
92 

29 

30 

30 

38 

------~-~~~-------------------------------------~----~-~--------
To ta1 I nt e r-Indust ry 
use (1+2+3) 1114.12 1 oo. 00 

( ·. ·f·. <;· 

1899.14 1 oo~ oo 70 
: r ·, } 4 .··~ ·; 

~-~~~---------~~~-~~-------~--~---~--------~--~~--------~~-~----
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.I./.illLE~ 4: Availability and Disposal of Coal and Lignite 

1979-BO Cfld 1984-85 (as obtai ned fnm the I-0 
model pro iections for the Sixth plan) 

_..,. ____________ ... ____ ...,. ______________________ ~---------~--------------............ ---------------.. --__ ..... ____ ., __ 
Sl. 
No. 

Item 197 9-80 
---ps., crores percent 

of total 

1984-85 
Rs • C ro res p e r cent 

of To tal -----------------.... ------------------------~-------.-------... __________ ...,. _________________ ...,. 
1. .tl\[81 LAB! Ll TV 

1. Domestic output (Total) 1 206.67 1oo.33 

2. Imports 70.50 !:1.86 

3. Exports (Less) 'i 2. so - 1.o6 

61 .. 70 - 5.13 

4. Change in Stocks 

Increase (-) 
Oec~Qso~.)~---------­

Total Availability 

.... _______ 
' ' 

( 1 +2-3+4) 120L.67 
-----------· 

QISpOSAL 

5. Inter-Industry Use 1114.12 

6. private consumption E.xp. 73.36 

7. Government Consumotion 
Expenditure ' '15.19 

1 oo. 00 

92 .. 64 

6. 'l 0 

1. 26 

... 

1915.22 

1 33. '.'-0 

21. JG 

11.4 'j 

2015.52 

1899.14 

94.09 

?? 0() 

95.0~ 

6.6 u 

- 1. Ofj 

- o.57 

1oo .. oo 

94.23 

4.67 

-·---·--- . -·---·----- -·--·--·-- . ·-----------··-·----- -- --··--·-··-------------
Tot al 0 i s po sal ( 5 +6 + 7 ) 1202,67 1 DO. 00 2015 .. 52 1 oo. 00 

---------
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TABLE: 4 .• 5: Details of Inter-Industry Use of Electricity in the Indian Economv 
. _ _..;1:...::;.979-81L:_ £ 1984-85 .. 

----------------------------·------ ___________________________ ..,.. ________ ( _____________ .. 4-----------
( At Factor Cost at 1J79-BO prices) 

1 ., 1904-05 
S t I I d t 

9 7 ~- 0 0 _____ __:..,;;;...;;......:.._.;::..=----..-
ec or nus ry -·-:-· ·· As perceilt As percent 1984-85 

Rs .. Crores of total Rs, Crores of total 1979-8\l 

--------------------------------------------------------------------------------- (£?_~~ ~~~!::l _____ _ 
1 • p rim a r y 2 0 9 ,. 8 3 6 • 2 6 46 4 ... 55 8 .. 54 1 21 

Of which: 

(a) Agriculture 
(b) Mining & Quarrying 

2. Secondary 
Of which: 

(a) Manufacturing 
0 f which: 

Sugar 
Cotton Textiles (excl. 
Handlooms & Khadi) 
Wood products 
Paoer & Paoer Board 
Chemical Fertilizers 
I ron & Steel and Ferro­
Alloys 
Non- fe rrmus Metals 
Motor Vahicl es 

(b) Construction 

(c) Gas, Electricity & Water 
SUpply 

3. T..e{t ia.r~ 
u wh~ch: 

84~50 
8 0, 8 [I 

2·;s3.32. 

61.13 

124.97 
6 3. 06 
41.05 

187.30 

87.85 
88.80 

22.55 

884.46 

958.11 

2.,52 
2. 41 

65.15 

35.52 

3.73 
1.86 
1. 22 
5.59 

2.62 
2.65 
o.67 

3.24 

26.39 

28.59 

265.24 
143.42 

358 s .. 49 

1928,59 

125.09 

136.99 
85.,82 
67.52 

368 .so 

160o 57 

1499.33 

1389.74 

41)87 
2,. 6t1 

65,.93 

35.43 

2:.30 

2 .. 51 . 
1. 58 
1. 24 
6.,77 

2.57 
2. 7 3 
0 u 7 3 

2 •. 95 

27. 55' 

25.53 

214 
78 

64 

62 

105 

10 
36 
64 
97 

59 
70 
76 

48 

70 

45 

(a) Trade, StoraQa & Warehou-
sing 340.54 10.,16 490~82 9.01 44 

(b) E.ducat ion 8 o. 48 2. 40 121. 03 2. 22.. 50 
(c) Transport Services: 

(i) Railway Transport 32.54 0.97 50.78 o.93 56 
(ii) Other Transport 39.85 1.19 57.50 1.06 44 

~tal Inte~Industry Use (1+2~-~-s~1-~~3~6--~~~~~~~1~o~o~.~~~-~~~5~4~4~2~.~7~8~~~~~~1~o~D~.~o~o~~~~~~~62 ~ 
-----------------------------------------------------------------------------------------------
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: E.stimated Availability & Disposal of Electricity : 1979 .... 80 & 
j284-85 (Gas~~iricity and ~W-a~t~e~r~S-u~g.~g=l•y~)----~·----------­
(As obtained from the input-output model projections for 
_!he Six t h p l.§.Q.L.,& facto r co s t at 19 7 9- 8 Q_o.£~i.-c..;;e=s ___ _ 

--~----------~--------------------------------------------------------------------------~---~-~ Sl., Item ~--___1979"":'.§0 __ 1984-85 
No., Rs~ Crores percent of Total Rs. Crores percent of Total 
-----------------------------------------------~----------------------------------------------~ 

_8VAILABILITY 
1.. Domestic Output (Total) 

2 .. Imports 

3~ E.xpo rt s 

Total Availability (1+2-3) 

p]_seo 5..81. 

4~ Inte r-I ndust ry Use 

5. private Consumptio~J Expenditure 

6. Go ve rnm en t Con sump tio n 
Expenditure 

Total D~_g_sa:!:_ 

38 30., 67 

3030 .. 6? 

3351.,3G 

418.00 

61. 37 

38~0.67 

100o0 1 oo.oo 

1 oo. o. 

87.49 5442.,78 83.38 

I o. 91 921.99 14.12 

1.60 16 3. 10 2.,.50 

_1oo.oo 6 527. ~1. 1 oo. 0 0 

-_,..:. __ ----------- . ---------- -----· ----------- --·--:-- ,... ___ ... ______ -·---~- ..... _____ .,. _________ - .... ----- ....... --·------.......-
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TABL£:4•7: Availability and Disposal of petroleum and Natural Gas: 
1979-80 and 1984..,.85 (As obtained from the Input-Output 
Iransac,tiol}_S Tab!J!U:EQject~for the Sixth plan), 

-----------------------------------------------------------------------------------------
Slo 
No,. 

Item 
Rs. C ro res 

198 4-8 5 
percent of Total 

---------------------------------------~-~---------------------~-------------~-----------

AVAILABILITY 

1. Domestic Output (Total) 

2. Imports 

3. E.xports (Less) 

4. Change in Stocks 

Increase( ... ) 
Decrease (+) 

45'1 .. so 

229L!., 6o 

14.70 

Total Availability (1+2-3+4) 2737 .. 4n ___ .. -

5. Inter ... Industry Use 2737.40 

6,. private Consumption E.xp. 0.0 

7. Government Consumption 
Expenditure o.o 

T:J tal Oi s 'JO sal ( 5 +6 + 7) 27 37. 40 

·]6. 71 839r.50 24.39 

8 ~.8 2 26 04·~ 00 75.66 

". " . • • 
- 0.53 -1 ,, 60 - o.os 

1 GOo 80 1oo .. oo 

1 oo .. 00 3441.90 1 oo. 00 

101J,. 00 3441.90 1 oo .. 08 

------------------------------------------------------------------------·------------------
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TABLE4:~Jproduction of Electricity, Coal and 
E.§_ t rc 1 e urn 1 97 9-8 0 · t 9-...1~JL4-8 ..§_ ___ _ 

--·-~-------------------------------------------------~---------t.lectricity Coal incl •. petroleum petroleum 
Bkwh Lig_nite C~de products 

Million Tonnes _________________ ,. __________________ .. ~ ___ ,_ _____ .......... ~--------------------

IJei ght ( 19? o=·l oo) 9. 23 DO 5. 8 43 0 1. 546 0 L6200 

1979-ltO 104.6 1 o6 o 8 25.5 11.8 

198 o-81 110.8 118.8 24.1 1 o. 5 

1981-82 122 .. 0 130. 1 28 ~ 2 16.2 

198 2-8 3 130.1 137.,, 1 30,8 21 .. 1 

198 3-8 4 139.9 133 0 -~ '~: 3'2.8 26.0 

1984-8 5* 159.2 149.7 33. L.i 28.,6 

Growth 
198 4-8 5 

rate 'l97 9-8 cy 

Actual s.s 6.9 5.2 19.3 

Anti ci oat ed** 11 • 2 9.7 6.3 13.0 
I 

---------~---------------------------··--------------------·-----

* Estimated on the basis of actual grotJth ill P.pr-Nov 19~ 
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Chagter 5 

f.D_q__;:l.!Y E.fficiency-t~ in Manu.f;acturing & ~1ining_ 

5o1 Energy roquirements por unit of value added aro 

very high in India camp arcld to de volop od and ne t.Ll y 

indust ria.lizing countries. Energy intensities are also 

incrc Gsing over the years. The industry sector is tho 

largest consumer of commercial onorgy in India. In 

190Q-.C1, the industry soctor consumDd 40 per cent of 

total CQnsum~tion of commercial energy while it contributed 

onl\' 17 pur cent tiD the Gross o~;mostir:: proclucto It 

consuf1"JocJ 62 per cent of the dectricity and 61 !Jer cent ,. . 

of the coal anu 59 pur cant of tho fuel oil. Con.surn.ption 

of comm o rcial eno r.gy in Mining & Manu fact u ring has 

increased at a compo.und rate of growth of 6.5 per cent 

botwoon 1953-54 and 1 ~G0-01. On the othor hand value 

nddod in mining and manufacturing has rison at 5 per 

cent per annum during this period. 

* According to the laws of thcrrnodynamics 1 energy 
efficiancy rofors to tho minimum utilization of an 
avaiL)blo energy source thmur;h an anergy converting device 
fJ r a given task. Enorgy e'ffici.r::n;y in physicc.l torms 
takes into account both the quality and quantity of anergy 
input as well as tho efficiency of Gnergy converting 
dav ica for a !J articular task and is d~.:J fin ad as under: 

Absnluts minimum anergy required for a given 
Efficiency= task 

O"r1C_r_g_y---..in-pijta-ro-e:--cr8vTc·a- -o .. r--sy~ em from some 
source (i.e. total onergy consumud) 

Howovor, it is not sufficient simply trying to approach 
the m 8 ximum of the above th ormo dynamic 1 aw and improve tho 
thermal efficioncy. It is necessary to wpply economic 
crituria to tho goal of maximizing enorgy efficiency. 
Technology/ resa urce com bin at fo ~ opti~ n s which pro vide tho 
:;Jreatost laval of energy effJ.cl.Gncy J.n tho abovefoense may 
n:)t bo ocon;:;mically best. Tho;r:e is a point whoro tho 
marginal cost :Jf saving. 2. unit '?f 8ner?Y will be lar~er 
than the marginal bertefJ.t assocJ.atod w1th such <1 saVJ.ng. 
To c:~otormino tr.i..s equilibrium ono must consider th8 total 
cost of 0 ro duction and use of on crgy including the fuel 
avc::ilr.bility of supply and· substitution possibilities at 
tho facta ry lGVGl. In this char;ta:.·, however, energy 
effici~·Pcy is yencrally f;a!<on i~ ·L.hc technical sense., 
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5q2 Ensrgy intensities are ~defined as energy 

consumption in physical units liko kWh or tonno, per 

unit of value ac.Jdcd. Table 5.1 givos the eloctricity 

coal And oil cne:r.-gy intcmsities in the industrial 

--- t-··~· ·- .. _. -- ,__. ................ - -·-- ----------- -----------·· -----------------

T_Qi~~-~- .§.:oJ. - f._n_§_ru_lnt q_ll§i tic; s in the In dust r~o s Se eta r 

~ft_.::.L.ci t Y_.. Jo al! _QALL Total Co mm e rei cJ. 
\.kWh/ Re ~ V ., tA,) ( Kg7V, A~) V~yRe~ V.,~) En o"""r...,g.._y __ ~-

"[f :J n n o co al 
repl acementf 

------ ···-- --~----·-- _________ ,th:J_1!§a_IJ.d.J<,S.,,_l 

1...~53 .54 'J, 234 Oo645 Jt, :. ~5 1.os 
1S55-56 J 0 254 (.). 53'7 ·-., OJ4 0.90 

196D-6i :). 344 0.620 o. 1 S7 1.10 

1 96 5-66 o. 471 u. 6 20 o.oo4 1. 27 

19? J-71 ;:-;.,613 r:J.555 :}. Q97 1 "'36 

1 97 5-76 o. 6 56 (1""766 J .. 073 1. 57 

1 SG 0-G 1 ·J. 661 0.,709 il .. 064 1" 50 

* E.xclu J~ s us::.:; in :JO war stations. ,. 
® includes FO/LSHS/HHS us;;;d as enorgy fuel and not as 

food stock in tho man uf actu ring s octo r FO/L SHS/ HHS used 
as fuel in utility power stations is also excluded. 

--~--- .. --·~-.,..--....--··-- -·----~-~·--··--··-·-·~-----.... _.,_ -·- -- -· -----·----- ____ ....._.., .. _...,,_ ... _______ _ 
5.3 Quring 1970-71 anc..l 1S75-76 power shortages haVG boen 

reported at a minimum. Buit,.Joon theso two years electricity 

intonsity h.:~s increased by 1.,4% per ennum rcflocting a 

growing share of el oct ricity co nsumiJt ic n t;:; total 

industrial anergy consumption. OvEn tho total period 

of 1S53-54 to 1SOQ-01, ol8ctricity in·:_:onsity has 

incroasud at a rata of growth of 3.7% par annum while 

ovorc:.ll onorgy intensity hns gonrJ up by 1.,5~6 pGr 
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oloctricity consumption has incroasod ovor a period. 

However, tho rnto of growth of intensity has declined. 

This is only to be ox::>ectucJ s5.nco in the initial 

stegcs of industrialization, tho sharo of industries 

wh1.ch r-rocluco or prJcess rrimary commoditios olt 

min'·'r::tls is high and it is these industries th'"t have 

e rwlc:1tivuly higher oloctricity intensity 41 Further 

in th.J initial stages of tho spro::-Jd of electricity in 

2 c~JU'ltry, o. lsrgo. nurn!JE;r cf i.firJustrio.s using other 

on ergy forms switch to the usu of olGct rici ty c In 

view of these factors, tho intensity of o.lectricity 

use is bound to be high in the initial stages of 

covolopmont. Also when the product mix of an indust:Py 

chan·Jc::s, oloctr.icity c:Jnsurn;:;tic:n !-''::Jr unit Jf production 

could incrr.;3so specially duo to improvcmonts in 

quality of products. for oxamplo, an incro2so in the 

share of suporio r quality pap or or toxtilos could 

lead to nn increAse in r.nergy intensity of theso 

in:J ust rio s. 

5.4 Historical Gnergy intensities in tho case of 

coal and oil have fluctuated reflecting both their 

price and availability. Howovor 1 tho intensity of 

oloctricity uso hes t''1gi.:;t:..;red e stonrJy incroa.so(> · 
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5.5 Total enorgy requirements per unit of value 

added in thu industrial soctor has also steadily 

increased duo to the changing product-mix. To analyse 

the fnctors responsible for the increasing energy 

intunsity in the manufacturin:;J sector, it is ossential 

to stucly the characteristics of the changing industrial-

mix in Inc-Hao It is oqually Jm;Jo rtant to oxarnino 

onu:r;)v intensities in some of the large energy consuming 

indus·~ri:Js that include textiles, cemr:mt, chomicals, 

nc..,n-furrous metals, aluminium, pulp and paper, 

f e rt i 1 i z G r, I ro n an d s to e l s s u g a r .· p G t ro- c hem i cal s , 

mining & quarrying, ate. Tho question of energy 

efficiency is also linked up with the changes in tho 

on orgy p ricGs duo to so'.J•,::rnl +" c:ci:c' rs., In the following 

~,ages tJe anclyse some of these c;uestions to examine 

tho rJ eso ns for tho apparent hi. <Jh en :.:Jr gy input ttJ 
added 

voluaL ·: by the industria], .sector.:. 

l.!:!_g_y_~t rial S t ru ct u ro 

5.6 Over the last th.irty yec:.l2,; tho industrial base 

of the c·:Juntry hns bEHJn widcnou. Tho wholG industrial 

structure has been diversified covorin~ the entire 

re.ngo of consumer, intermediate c1nd capital goods. 

Bath qualitative and quantitativa chang6s have taken 

'11 ace in VA rio us sub-sectors of the industry socto r • .. 



-::85::-

energy consumpticJn per unit outilut. To answer thG 

quosticns rsisod e.bovo, we may classify the industrial 

sGctor into registered sector and unregistered sector. 

S:::;me of the industries in the registered sector do 

coneu:no largo quantities of energy. Tho share of such 

Lar~1u E.norgy C:Jnsuming (LEC) industries has declined 

as ~ 11 urcantage e>f tho rGgistored soctor during tho 

l;:::s::: thirty yo2rs .. Howovor·~ th·Jir ah<no has remained 

me ru ·-··c loss c:Jnstant in the tot2l :.ncJustr.ial sector 
~ndust rie.s. 

cc,~<::r·is.ing of registered and unre']istoredL Table !::lo2 

givus the percenta.ge share of typos of .industries in 

tho total ve.luo adu8d by Manufacturing sector., 
,,,, ___ --·--------------------______ ,.,.. __ .... -·--··- --------- ·-- -------~--

Year 

1S51-52 
1961-62 
1971-72 
1 sc 0-01 
1S'C1-U2 

Ta bl.£L2.!_,g_- Industrial Structure --. _,.,~,.., .. ""·-· ,,..._. ... _. ---·--
Req istor~a d 

L£C Non-l.Ec--·Total 

-~---· 

34.90 19 e 91 s':f,.l\9 
32.97 25.33 50,. 30 

33.70 2C • 27 52. US 
35.12 27 .. 90 6 3.10 
34c9J 29.10 64~ JJ 

Unregistered LEG as 
p e rcentago 
of the 
registered 

------ ~o=--=-r __ 
45. 'i 1 
41.70 
37 0 95 
36.90 
36.00 

63.7 3 
56. 55 . 
54.45 
55,.66 
54.53 

Source; Na.ti:Jnal Accounts Statistics: 1904 
Basic Statistics rolat:Lnt;; to tho Indian 
Lconomv (1965, 1977) 

-- ----.. -- -~ -----, __ -f-.~-------···--·-·---·-· ............. ---·-,..-~~-·--- .... _-----:------------

It can bu socn th2.t over tho last th:tJ?ty years, tho 

shuro of unrG<Jistarod sector has declined f!om 45 par 

cant to 36 par cant in 1901-02o Tho porcontage shara 

of non-L~C in the registere~ soctor has increased. 
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Taf-:llo 5.3 presents tho cJata on value addod by the 

ro :;iist erod and un rogisterod soc tors for 1 S7o-71 and 

1SG1-02 as LJ8ll as the corresponding growth ratos ovor 

thoso years at 1970-71 0 ricos. 
I 

-----------------------------------------------------------------
}/1/'• .. ' ··:·:;. 

·· Tabla 5,!.]_~ Value Added an~ its growth rate by 
Re gisto red & Un reg is tared Man ufactu rin: 
Sect9rs (at 1970~71 prices) (Rs. lakh~) 

Industry Group _£p_gisterod S octo r 
1970-71 1901-02 G!c».h. 

1. Food p r::J ·Jucts 
2. 8GVE!rqgos, 

to bncco & 
Tobacco 
P r:J ducts 

3. T2xtilos 

26815 

9911 

59730 

Rata 
____ (E_Q_rcon_t) 

407 41 3. 9 

13999 3. 2 

102610 5.1 
4 • lJo o d & Wo o d 

pro cluct s 30SJ4 21 37 (-) 3. 3 

5 • p an o r & P an 6 r 
products' 14959 

6. Luathor & 
Loathe r & Fur: 
products 2260 

7. Ru~bor, plastic 
potrcloum & 
Coal Pmc~ucts 12091] 

0. Cham icsl s and 
Chemical 
p r:J cJucts 367 07 

9. Non-r-lctallic 

1 r• iJ• 

Minoral prodJcts 11399 
Basic Metal and 
~Alloys Industries 2J451 

11. Metal pmducts 
and Parts 9454 

12, M achinory ,Machine 

13. 

1 4. 

16. 

T:Jols & Parts 19306 

El oct rical 
r~ achinc ry 
T ransfJo rt 
Equipmont 

Mi scoll an uo us 
Manuff'cturing 
I ncl ust rios 
R cp o i r 5 o rv i cos 

10213 

24396 

1C652 
6397 

17. Not Vel uo 4\dcl or~ 
includinj Bank 296317 
Che.rgos 

1C. Bank Ch8rgos L0~7 
19. Not Valuo Addod2<j'/4u0 

10916 2.1 

1096 (-)1.6 

10109 3.1 

60419 5.0 

15361 

40000 

13049 

39221 

41099 

364G4 

1967 3 
cos; 

4CC6 29 

1C14G 
47']401 

2.0 

3. 0 

6.,6 

3.7 

4.7 
r "' (j 0 i 

4, 5 

.JJ.!::!.Eeg i2te red sector 
107 0-71 1901-0 2 Gt&Jth 

Rata 
~--- --~(percc 

10411 24976 2.9 

10409 

44611 

22043 

5106 

6907 

1020 

5037 

9342 

462 

1-l7 72 

6375 

3627 

5346 

13250 
1 o6o3 

17 59 29 

1393 
17 45 36 

16790 

79320 

21939 

11772 

0044 

3407 

116 94 

10092 

716 

16227 

11706 

6560 

0!124 

17294 
17720 

274949 

5245 
269704 

4.4 

5.4 

1.4 

6.2 

3. c 

5 • .:: 

5.3 

2, 5 
4.~ 

4.~ 

13. ,-
4. ·; 
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5.7 tA.s could be: seen that during 1970-71 to ·'. • 

1Sl1-~:L.:; tha r8gisturod socto r moved faster than tho 

unregis 1.:Grod sector., In ·JS71 ... ?7~ tho unregistered 

soctor hed a lower sharo of thG total industries 

sector than the registered sector and the porcohtnge 

shc:;re :Jf the unregistered sector has declined further 

in 1S:;1-G2 bocC~Use of lower growth rate compared to tho 

registered sector. In other words, for the unregistoPed 

socccJr to hove tho same share in 1SG1-G2 as in 1971-72 

in tCJta1 1 it would have had to grow at - sai'!H3 rate 

compared to tho registered sector. TablG 5.,3 further 

highlights that one rgy int ensivo indu st nies have 

gmwn nt faster ratras than industries which are not 

anergy intensive. 

Changes in the EnorQy Consum;Jtion 
i n___:th e In c_u s :t rJ:p s ________ _ 

5.0 Survoy of the recGnt rcsoarch on changes in the 

enorgy consumption indicate that the coefficients of 

anergy consumptbn por unit of vnlue added or per unit 

of physical output undo rgo change r;juo to tho following: 

(a) 

(b) 

(c) 

(d) 

Cohsum,tion norms docroase with tho introduction 
of better technology and process managt.1fT!ent. If 
consumption norm decrr::asGs, the eno·rgy intensity 
dGcroasos evan if value added per output does 
not docreaso; 

I ncroase in wago s 1 oad to incre as o in val uo 
addod po r output rGsul ting in docrnaso in en orgy 
intonsitios in somo sectors; 

Increase in anergy prices; and 

IncrGaso in sco).o of JrorJuction., 
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5. 9 It hcs also boon obso rved that Gnorgy intensity 

forE:loctricity has gone up in some industries duo to 

increased shero of the quality of tho products, such as 

fino pa~or, fino textiles; ruror chemicals, etc. Lessor 

imports of high quality pr.:>ducts, machinery, parts, etc. 

havw 11~;-SD affected electricity consumption. 

5v1C Thcso considerations do suggest that baso-love..l 

en;::,r·yy intonsitios for oil and olsctricity in the largo 

onor::Jy c:~:nsuming industries roduco gr~dually but 

modfcscly :Jvor time because of the possibilities of 

onergy Cl·nsorvation by better manayomont or by 

tochn~Jlo gical ch2nc;Gs. As regards No n-LEC industries, 

onGrgy intonsitios may incroage due to lack of R & 0 

efforts in the industries for energy conservation and 

due to lack of incentives as the F>Oel.'9Y consumed by 

individual unit nay not be si;~nificant so as to oncourago 

moasurus for enor.gy conservation. HoweVi3I', tho onorgy 

intensities computed by Advisory Gc_~;rc~ on Enorgy for 

1 s7o-71 and 197C-7 0 are as under·: 

197 0-71 1970-7 9 
Actu2f' Actu Cll 

IEl oct rici ty (kWh/ Ro) 

LEG 1. 20 1. 46 
N!_EC 0413349 o. 26 40 

Oil (kg/RG) 
u:c o .. 1 o6 3 o. oo 40 

NUEC o. ()9 06 0.0392 

Coal (kg/ Ro) 

LEG 1., 01 DO 1.324 
NLEC C!o 3396 Oo 2725 
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Tho docrcGso in 5norgy inb:::nsities for oil in 

both LEe anc~ Non-LEe indic8to tho impact of incrGaso 

in oil prices on oil c:Jnsumptio n. 

It is ...quito possible that due to consorvation, 

officic.:ncy improvt.:ments and new proc6sses, intensities 

in th0 c2so of LEe industri8s can be expected to 

decline~ How<Jvor, in the cnso of NLEC it is difficult 

to prc:Hct without proper study of improving production 

efficiencies and that of substitutic'n of electricity 

an:J cwc11. for presc:ntly used non-r;o,,lillorcial sources. 

-~-a- r·' j n E f!_" __ r_;:·: v r, .. n sum l. n .--, I n :-' . J .- ·!- I' : I . ; " 
.--- ~ ~..J ... :.t.l.. L..-.J • •--~~--~-...:2....:.-~~'·"." 

5.12 Lorge E.nwr.gy Consuming Indust:r:-i.t=!s neod to bo 

oxaminod in a groGter de:tail. Ta:Jlo 5.4 gives 

relevant data for our analysis. It may be SE~sr. that 

tho highest onurgy consumption is by iron and stool, 

followed by textiles and fortiliz'3rs (excluding feed 

stock). Textiles consume the highest amount of 

electricity and oil, whoruas iron anc! steel aro tho 

1 largost mnsumors of coalo ToxtilGs aro not by 

thomsolvos highly ono:rJY ir:tonsive incJustrio.s~ tho 

anergy consumod by thorn is high duo to tho high 

vo 1 urn o of IJ r~v: uctio n. ,. 

5.13 Enorgy intensities of thGso industries havo 

different order of rankin:] becat.:se of tho difforGnces 

in tho volume of production and in valuo added by 

each of thG sectors. HDro Non-f.:;rrcu:-:-. ba3ic motals, 
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fertilizers and chemicals precede textiles. Energy 

intensities for svme of the LEG industries is rather 

high by international comparisons. (It is to bo noted 

thct in India, the intsnsitios arc given in million 

mut:r:.c bJnnos Df coal replacement, i.o. mtcr un~ts 

wh8ru:Jy fuols such as olcctricity and oil got 

multiplied by higher efficiency fBct:Jrs that are not 

t t'.J?t,;Jd me rely in calorie ~quival unt terms. Moreover, 

onu m...:tric tonne of coal in India is standardised to 

hu'J~..: 5U00 kilo calories per kge as compared to U.,N. 

convuntion of 7000 k Cal/~)· 

5,14 Tho consumption norms- i.e. the energy 

consumed in mtcr par motric tonne of product- are 

the highest for non-forrous b~sic metals. Hero 

alUiminium production is i.ncludud which consumes 

3.;J!Jr.:-Jximatoly 16 1 008 (kWh)/kilo wutt hour or units 

f10r toone. Textilos comas next if we measure textiles 

by woil]ht. Howovor, if measured in fTlGtres, the norm 

.i B ~~056 por thnlt~o.nd motr...:s. 
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-------~---------------~----------------~-----~------------~---l..§.Qle 5.4: Consumption of Energy by Large E.nergy 
Consuming I ndu st ries & No rm s of 
Co n s urn p t io n 19 7 3- 7 4 

Industry Coal Fuel 1£:1 ect ri- Total Value 
& Coke_Oils city Energy® Add~d 
(million tonne coal ~1~) 

replacement) 

Energy Consump­
Int en- t io n* 
sities No nns 
(Tonne (Per 
per Tonne of 
1 000 Rs. product) 
Value 

---~ ---- ---
Textiles 

Fertil i z._-. rs~ Jo 7 3 

Ina rganic 
Heavy 
Ch em ica.l s o .. 30 

pulp & pap~;;::: 1. 47 

Non-form us 
Basic f'1et al s o. 2J 

I ron & Stoel 5.76 

Aluminium o.21 

1. 02 

o.4o 

o.4o 
o. 20 

o. 24 

0.06 

o .. 2o 

4.65 

2. 07 

o.oo 

2. 47 

3. 11 

2,. 27 

!Added 

9025 

523 6.12 

402 3 .. 30 

009 2 .. 96 

30 4 7. 79 

4400 2. 21 
163 15.03 

3.53 

1.07 

1.42 

2. 54 

··---------------------- --------~- ... - ---·---·-.._ ___ . ____ -----~ ·----- ·- --. -~ -~-----------·- -~-----------

Notes: 1 mt of fuol oil= 2 mtcr; bkWh = mtcr; 
1 kg of coal = 5000 K Cal. 

* refers to 1970 
** Excludes foed stock 
®includes Diesel Oil consumotion also. 

These data havo boen compilod fr0m tho available published 
data in ~nnual Survey of Industrit·s, census sector, 
1 0 Vo 1 urn e s, C. S. 0. 

~------~-------------------------------------------------------

Factors ·Affecting E.:nergy Intonsitics/Energy 
Co nsumotio n No rrns in Industr.Y_ ____ . 

5,15 As soon abovo (Tablo 5, 1), energy intensities have 

incl'G~sad in the industrial sector from 1.10 in 1960-61 

to 1.50 in 1SOO-G1, measurt;din tonne coal replacement 

por Rs. 1,000 of valuo added. There are also reports that 

in India, energy intensities (ratio o,f energy consumption 

to vnluo added in industry) aro largo compared to other·-· 



-: :9z::-

devolopod and developing countries. This is :sather 

surprising considering tho labour-intonsive technologies 

thet nro often used. Moroover, 36 per cent of the 

vnluo oddGd is in tho unregistored sector. These 

nsp oct s have b cwn oxominod and tho following points 

c.lrO o::.nsidorod rE.!lf;!vont to explain, tho increasing 

luvul of energy intensity in India. 

The increa~ing intGnsitiGs in tho manufacturing 

sect -:-- ·:..::r tho last 20 yoars !-:avo increased~ Tho 

l2rg3 or:Jrgy consuming industric;:::; hc:I!G been increasing 

thwir sharo in tho totcl valuv ndd::;d. Evon within the 

1 ar~.J Gn<Jrgy consuming industries socto r, g row.th rat os 

of industrios whj.ch consume more energy ror unit 

valus-addod are highor than tho 9rowth rates of 

industr:Lce which consume lesser f;ncrgy .such as 

toxti.l.as.. Tabln 5.5 elucidates this point quite 

clearly. Thus clthough large onorgy consuming 

industries have been c':mtributir~' It.:,Ughly 35 per c-ent 

of velue added for tho last 30 yscr;.:;, tho 

C8ffipositi:Jn Df the LEC h:;:,s ':::~~:> ::::·har:::Jirl']., 



-::93::-

-- ----·- .. ·----- _________ ... ______ .,._.,. ___________________________ _ 
Jnblo 5.5: Sharu of Individual Largo [nergy 

Consuming Industries in Total 
Valu£_2ddod~b·y~t~.h~em~-------------

e urcentages 

Toxtil us 

p a~J lH ".n d P ape r 
P r:J(-'L;::\: s & 

1S5o::.§1 
64.7 5 . 

All5_ n ;J In d us t r is s 6 I) 9 0 

Chor<cs:ls and 
ChGr;;..~_c:il products 1o.19 
Non.·!'! ;L "1 lic 
Minural pr...:ducts 4.74 

l-Jc:.;-;is !''~dt 31. 
In.Jus"L-1·~- as & 
Motel ~mciucts 13~45 

196Q-61 

51.03 

1970-71 ___,__ 

37.17 

S-.. urcc: National "'ccounts :s::3tistics 1904 
and oruvious i.ssuos 

; 

19.Q...Q::G1 1901-GJ 

41.22 30.51 

6.74 7.10 

5.72 5.77 

5.17 Secondly the share of the Non-L£C (Table 5.,2), 

which e.rc mora EJncr·gy-intons.ive t!1nn the unro~1.ist.o:rud 

sectr.1 r, is also increasing. 

5.1c Jyoti Parikh has stated somo mo ro roasons far 

incrt.::aso in thu Energy/Value acL.Jud ratios compProd to 

tho past which include (a) slow increaso in wages; 

(b) controll.od prices for some of the outputs; nnd 

(c) increase in consumptbn n:Jrmsc The increase in 

consumption norms may be pe.rtially due to improvements 

in quality of products and part.ic:J.i.:,.;; .]tiCi to substitution 
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5.19 Tho norms of o.n8rgy consumption for producing 

a giv on 'J ro ,:Juct i .. e. ,. energy consumr;;d per unit [)hysical 

output arCJ important indicators of the energy efficiency 

of B. given tGchnology. Thuso consumption norms de•Jend 
I 

upon V'C\r.ious factors like production technology and 

;Jler.: :-·::.'l,H~city, ca;.Jacity utilization, quality of products 

ancJ ~mduct mix. Slow improvements in the technology, 

smcJ l ,nd unoconJmic scala of pmduction, fnll in 

ca:!':iC-~ 1 utilizatbn due to jnfrastructur;::~J. or other 

oil and docr8asing qualit{of cC.Jal nro some of the 

factors that have affected adversely energy afficiency 

of Irtdicn Inclustdcs •. Tho r:xistin;; b?chnology in many 

of our industrial units o .. g. textiles, cement, etc., is 

obsolete 2nd clso does not have economics of scala. 

Tabl€:! 5.6 shows a canrp.:.rison of energy 

c:JnsumocJ por unit of production for various countries. 

It is true:. that tho st2te w f t c::hnol<Jgios in various 

countl'ios may bo Val'Ying 'subetantially and thero may 

be 0 robloms of measurement and com;Jarison of energy 
I 

uso botwocn countries. Tho fact ist howGve:r~ obvious that 

India consumes m:Jro enorgy iJur un.i..t production of crude 

steel, aluminium, pulp and p2~cr and comunt comrared 

to most developed oountries. This may be for want of 

energy- officiant t. ochnol ogies 1 advantages of economies 

of scale or due to grestGr fluct.unti.ons in C3pacity 



utilizution. 'Electricity consumption per dollar of 

value adc~od is very high compared to tho developed 

countries~ It is s'locially high in tho case of 

thormal unorgy use. This may be beiauso of 

inefficisnt US3 of enGrgy dUO to old tochnology 1 bad 

maintenance and ~oor quality of coal. Moreover, 

in~:us·~ .:it,s basad on natural ;;::::2 ~- r :Jil aro much loss 

Natl..i:.::: .. '. ;ns anj Oil aro mora ufficicnt fuels compared 

to (':,:\1 ! Jycti Parikh 1 (Plann:tng C~Jmrnission). Howover, 

in incli\/idual industries tho norms of anorgy consum:Jtion 

aro gl.;l-ting lower for~ .!2J...il.r:!~ p'Jssi.bily due to 

bottor tochnDlogy of rroduction. 

5. 21 [no rgy offici oncios in the 1 E:lrge oro rgy 

consumin9 industries aro thus higher: by international 

comparisons but ure improving over tim8. Bokaro steel 

plant cnnsumos 1.19 tonno of c!Jal JOr tonno of Droduct 

as ,...::.;mnPrnd to 1.64 tonnu ir'l n.c)CG ~r.-j 1,.42 tonnG in 
~ t· .. 4 ._ 

Bhillai. Tho consumption cf cCJal in comont plants 

using t..lry :Jrocwss is much lowor as compared to the 

wot nroccss ;1lants. Thoro ere, howover, a lot of 

fl uctuatia ns in one rg y offi cioncy from year to year 

due to changos i.n capacity utilisatisn in some of these 

incust ril:s. 
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}:hang us i!l..!i9...f01__§_[_9...£....Co al Co nsumot ion: 

... ;-, 

5.21 A briof roview of tho factors affecting 

Nonns in im;1ortant coal consuming industries is carried 

Stool I,.;.'"]._slust ry: Tho no nns for coking coal consumption 
oor tonne of hot metal in the steol 
~ndustry has not changod significantly 
ovor the past few y8ars and has avoraged 
2. GO. This could dot o rio rate if the ash 
content of coking cools decline. 

---·~··- ·------------------------------..--·-~--------------------·r ,, '· · ·o 5 r:) • 
-~;~.:.. .... ~~· Intornationol comparison of Energy 

Efficiency i~ In,j~§lr~as ________ __ 

_______ .. _ ., _______________ _L1o~~-.CS!.L..2.~I tonne of product) 

Country 

Aust ri::J. 
Can ado. 

Oanmark 
Germany 

I n;:Jin 
I roland 

Italy 
Japan 

L axomburg 
Notherlnnds 

N owzoal and 
Norway 

Spain 
Swodcn 

Switzorl and 
Taiwan 

Tu rkoy 

crude 
Stool 

45n(i) 
555 

236 
326 

1'J61(i) 
( 140 
( 167(x) 

334 
513 

701 
470 

730 
1C9(e) 

100(e) 
3~0 

T9 
405 

500 

Unitod 470 
Kingdom 
1nitod statos 533 

p c,Je r 
& P u:h.g_ 

344 
673 

353 
430 

1130 
• • 

340 
512 

• • 
• • 

692 
659 

220 
4CS 

557 
476 

• I) 

627 

579 

C8mo nt 

90 
( 95 ( d\ 
( 140 ( w~ 

15 4 ( w) 
91 

1/':J(w) 
15:01 

9:J 
'!21 

131 

175 
1'15 

130 
140 

• > 
11'5 

( 9J(d) 
(139( w) 
1 ~0 

4\].uminium 

1346 
•• 

• 0 

1401 & 15()3 

2295 
• 0 

• e 
1305 

•• 
1290 

2165 
1591(e) 

2000 
1640 

•• 
1464 

•• 

2107 

949 

N;t~~~--~~-l----£1·~-~t-;i~ity-~~iyi ___ (J)·---pi;-1;;~~--------------
, x Scrap I ro n ; ( w) Wo t P ro c e s s; 
t, d 0 ry p ro c:e s s • 

sourco: Parikh and Chaitanya, EpW (Vol. 15, No II) 



'"" r::; js, however, possible to affect reduction in 

tho 

(a) 

(b) 

(c) 

5,22 

norm through tho folluwirg: 

Increased volume af blending 
indigenously produced coking 

of imno rt ed and 
co al• I 

' 
Ope ration at higher blast 

D;Jtimal sizing of oro. 

furnace temp erat u ro; 

With an .incruasin g pro iln rt ion of come nt 

and 

p reduction capacity bd.n; bss-Jd on dry process 
plants, avorago coal concumpt.ion por tonne of 
.:.~omwnt should decline= HowcJilor, tho growing 
;Jraportion of dry process c~.::f}3city would moan 
chat tht.> avorago power consumption would incrGaso. 
It is anticip at ad that cry-non-dry pro cess mix 
is likely to prevail in tho ratio of 90:10 by 
1994-95.. ;As a result of this change the 
modi fiod co nsuinpt ion :norms suggest a docl ina 
of coal consumption by 10 par cant and an 
increaso :~f powor consum[1tion by 10 per cent. 

Fertilizers 

5.23 Any expansion in coal-basad ammonia making 
capacity and new gon\.?ration of fc;rtilizor plants 
using coal for sto3m-raising can e::.ffoct tho 
cons umpt ion norms nnd the dom anc.J for coal by 
tho fortilizEJr 5.ndustry. 

pa,.,or Industry 

5.24 Co al con sum :J t io 11 in t h u p 2\-J or in dust ry r: an be 
reduced through tho foll~win9~ 

(a) installation of Co·~onoraticn Systems; 

(b) ine;tallation of sodn ruccvery boilers; and 

(c) System efficiency. 

The introduction of Gfficiont cogeneration 
systems 6ould l~ad to a roduction in demand for 
grid cloctricity. Tho S8ffiO would be true of 
the pOL industry and tho toxtile industry. 

Brick-Indust rv 

5.25 With coal of high volatila matter, low ash and 
calorific valuo of around 4500 K Cal/kg tho norm 
is DLJC1Ut 17 tonre~ oi.JJ: ·1 l_::>l<h bricks. But this 

. '· .. 
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nJ rm ~ accorclin . .J to tho National Buildirg 
r:rQ8.nisetion (NBO) is inflated by tho brick 
J.nJust r.y to onsuro that it g ots tho ~o a1 .. 
He wever, tho pour quality and colo ri fie val uo 
of coal currently being supplied to tho kilns 
avarages less than 3000 K C;:l/kg. This hes 
r.Jsultod in a higher norm ovor thu 'Jast throe 
yo2rs of atout 22 tonnes of' coal pe'r 1 lakh 
J ricks., 

C;Ja.l consumption can be roduced in the brick 
industry by the foll:J win_g: 

( 9) t1.'Jailable now br·ick kiln designs which 
l'vduce specific. cc: 3.1 r.:o nsumpt ion by 0 to 
1CJ ;Jor cent. Ti-:. .. .:sa c:·t.'G~ howevor, based 
oil the use of G1:"'rl~: [..:1:::>1 ... 

(b) PmmotintJ thw ~:::_; .. Jf Ply ash bricks. 

The dispersed nc:ttu;~c.. : .• ~ c.hc jndustry makes it 
difficult for innovutLns -'.:'J hD commoJ:.cializnd 
on any significant sco.lu,. 

pricing of Energy has ~ rliroct impact on tho 

anergy cCJnsumod by the industrios~ It can lend to 

intor-fuol substitution, onGryy ::ons2:rvotion or e~ange 

in the proc;uct mix. Some 'Jf tho inr::tustries can intrrJdUe'J 

conservation measures morcly by appmp riate process 

manCJ.gGmont, full ca[lacity utilisation, ate. Such 

industrios can briny C:own un:JJ>JY consum;-Jt.ion without 

any additional hardk:.laru.. Tho ir:dustrios can os well 

switch over to lass oxpcnsivu onorgy forms such that 

onc;rJY costs are minimised. Thirdly oVCJr the longer 

period, tho inc1ustrial-mix m2y chanr;o totJnrds loss 

ono r-::JY consuming ecti viti as. 
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T I 1 5 7 _£ 2..._§_···· jo_;_ p ri.£9.._lndic~__!n tho Enorg~ Se eta r 

----.. ~----.. ------·· (1970-71=100) 

Yoar All M anufac- OJ al El oct ri- Petro- Furnace 
Commodities turing ( 11.47) city leum Oil 
( Wp I) (490.74) ( 24. 00) ( 6. 02) ( 4. oo) 
(10JO.,OO) 

--~ ~--- ---
1961-62 55., 2 60.2 59.6 66.6 71.0 
1962 ... 63 57~ 3 62.0 6 2. 5 72.6 73.3 
196 3-6 (.J. 60o 9 66.4 66.0 76.6 oo.9 
1964-65 67'>5 70.0 69.3 79.7 01.2 

1965-GC 72~ 7 74.4 72 .. 5 03.2 03.5 
1966-G~~ 32,0 03.4 76 ... 5 91.4 00.6 
1S67-6fi 92 .. 4 92.7 nc" 

,, 
92:oo2 91.7 ! 

1 96 [~ ... (:) :i1,. 3 92,. 0 1 GJo 2 J5~4 . 93.0 

196 s .. , 7 u 94.,0 93. 1 90., 9 ~5.o 97.1 
1 :;;7CJ .. ( '1 1 c J. 0 1 oo. 0 1 OOo U 100..,0 1oo.o 1oo.o 
1:-;?1.-72. ') :J5. 6 109"5 1 03,, 2 101$5 130.2 111.4 
1972-7 3 ·116.2 1210 s 1 .., ,-, •;: 

' ! ./_~ ; __ ]()5.,7 142.0 113.3 

1 S7 3-7 4 139.7 13~7 0 5 ~ 2L, S 111 .. 3 317.1 150.7 
1 S7 4-75 174 .. 9 160.,0 146 .G 137.2 6()6 .5 300.4 
1S75 •. 76 17 2., s 171.2 1 05~ ~j 150.1 700.3 377 .o 
1976-77 176.5 17 5 0 2 ~S7c:C 171.,1 740,, 3 429.7 

1977-70 105. [ 179.2 1SCo4 1 i3 2o 4 707.6 429.9 
1970~7:;3 10560 179 0 5 211 ~ 3 2:JS.1 002.9 432.6 
197 S-CS 217-oC 215.0 293o6 225.6 1304.0 529.9 
19C 0-G 1 257.3 257.3 340oS 239 .• 7 2041.C oco. 1 

1SG1-02 201.3 270.6 424.4 27 g-.6 21_30 .. 7 1140.5 
1902-C:3 2CS .3 271.7 405.:7 320.2 190 4 .. 0 1105.6 
1983-04 316.1 295.0 534.6 307.7 17 39.5 1220.1 

·----------- ..... ----·-----------·----~--- -- -----· . ----- -- -----·-· 

Growth Rato9 

1951-62/ 
197 o-71 6.0 5.0 5. 9 4.6 3.7 

Growth 
Rat us 

1970-71/ 
1SL13-C4 9.3 G ~ 7 14( .. 7 1 'I 

~------~--------·--------------------------~--
Sourco: Office of ~hl3 Economic Ac!visor 

Ministry of Industry 
_____________ !"""' _____ ... _____________ ---·----~-- ..... ______ .,. ________ _ 
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5. 27 P ricu in.dicos in T.::~blo 5. 7 indicato that tho 

prices of omn-gy hcve rison moro than the wholesale 

price index for manufacturing as wcll as for all 

comiL1:::Htios compared to 1961-62. H;;;wovor, prices of 

oloctr.>ci+.y h~vo risen loss than the other two fuels 

nr:mclv coal and oil. The present pricing structure 

shcu~ ·, in pr.inciplo encourage substitution of oil 

if cu::1l 2.nu elGctricity sui1illY couJrj he reliably 

0 r ' 1 1 i ,., ·! 
I , J ~ - '• 

5~2:; T11.: c·Jnsumption of a pcrtisul:n fuol is effected 

by ~ts otJn iJ rico GS well as by tho p ricos of other 

au:__stitutablo fuols. ThG impact of change in tho 

r<:~lativo prices of difforent fuels can ~H; estimated 

throU!Jh prico elasticities r_,,·_! cr...,ss-prica elasticities 

of :.iff---rLnt fu::J,s. Givan bolow ar8 ostimatos of· 

0 rico olgsticitios of diffo:L'ont f'ucls wo:-kod out in 
I 

somu of tho rocont studios. 

·1. r·J.D. Uri has estimated price elasticities and 

cross p rico cl.:asticities of fuel c\llmnn:J on the 

basis of 1S60-71 data. His ostimatos for tho 

mini'l:J cnc manufcctu:r.in;;; s:.cto r c1n<J for the economy 
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a.s a lJh,J ~ src ns unce r: 

M anuf acturin g Total 
& Min ina_ --

Ecc - 0.15 - o.2o 
Eoo - o.o9 - o.1 o 
(£' 0 - 8.14 - o. 21 
f. co o. 13 0.11 
Eco ~). 16 0.15 

Ec, ·~ Q,. '15 0.24 
fD.; o. '12 0.13 
~~- '3C o.1o o. 09 

::Go o. 09 o.o4 

f\i[.. ce~, 2.i.j :r:-efers to the amount by which consum:Jtion 
=·f 1i' fuol will i::hang.J in r8sprnse to a'-1% 
change in p rico of t j t Fuel. 

c = Co a1; o = Oil; e= electricity 

5.:2:1 .:1\bCJvo astimatcs inrLi.cate that a 10% increase 

in tho price of coal would docree.so coal consumption 

by 1.5% in ~no mining and manufacturin~ sector and 2% 
in tho economy as a whale. This would, however, 

incroaso oil consumption by 1~5~~ and 2.4% and 

ol oct ricity consumption by 1% :::.n;,~ a~9% respectively 

econ:>my as 8. whole. 

2. Gopal K. Kadekocli has worked out own price 

elasticities from the data basad on input-output 

Tabl.e for 1979-UO. Kadekodits estimatos, which 

are generally higher than tho so of Urirs are as und or: 

Fuel E rice El est ici ty 

(a) Coal - o. 2050 

(b) petroleum & 0.3002 
Natural Gas -

(c). El oct rici ty - Oo 3906 
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3. _ :''Jt i P e rikr hG.s as tim at ocJ cross price 

olo.s·c:tcitios of somo p.Jtroloum ;Jroducts with rGspect 

to crud a oil price. 

( .·· \ 
L~ ; 

Fuel Consum0 tiQ.!l 

Ke ro seno 

H30 (transport secto ;f 
p as song o r km s) 

HSD ( ag ricul t uro/ 
lift irrigation) 

Cr-uss Price Elasticity 

- o. 072 

- o. 06 

- o. 01 

4-, Elasticity of oloc~r.icity demand for final 

c~,.l,:.:~iption in tho Input-Output Tabla with rospoct 

tc _L.ccricity prico has boun .JS~imatad at (-) 0.600 

by f1I .. N, Murthy. His estimc.to of elasticity of 

ul octr ici ty cjcmand for industrial co nsumpt ion with 

J.'OS;JOcijto olectrici ty p:ricu ""' , , r~ .. 469 which indicates 

thot a 1~% incr..:.asc in :;.:Lc,t:.-!::ricity price results in 

a 4.69% fall in oloctricity consum;Jtion in the 

industrial sector. Tho impact of tho price iilcreaso 

is, huwever, st.)amr,ed by tho .i:i1pact of many other 

factors. 

In thu recent past, fuel oil has boon 

s ubstitutod by coal e.l though not in as big a way as 

: .. possible, partly bscau~w of tho impediments in 

coal movsmont and partly due to changos required to 

burn coal in equipment dosign(v-\ t.o utilise fuel oil. 

Since bulk purchases af eloctricity and coal are at 

concossional rates, tharoforo, tho prices to industries 

are lower than indicntod in Tablo 5.7. Howovor, 

.'1t const3nt ;!ricee, industri.·s fl?.I'<J now started 
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pc.JY.JllJ :...'~ttlo moru than in tho past particularly 

for coal" This should encourage conservatione 

s. 31 The area of energy pricing has become quite 

important., The objective of energy planning and 

mo::tn2gs:ncnt is to providE: reliable energy supply • 

. ,',cJcquato pricing policies can helr in taking 

G;Jpropriato decisions for conservation measures, 

3p;;mpriate choice for toc:1rv.:!.ogios as -well as for 

~~~-i:::Y ImDlicatit::~ns: 

5~32 India. is still in the initial stages of 

m1.jor industrialization prourammesfl Opportunities 

to utilize anergy officiant technologies ir. India 

aro ']reater than mnny dovelopad countries which 

already havo well established industrial bases. 

In this rGgord, the role and contribution of largo 

onoryy consuming inc1ustrios is quito significant. 

Ncvo:rthclossy tiHJ choice of suitablo onorgy efficient 

inJust rial technologi os in LEC sectors and greater 

omp hasis on Non-LEe inc~ust ries are n ecoss ary. 

5.33 Secondly location policy should take into 

<:;ccount various as:Jocts so ns to minimize transoort 
I I 

uf energy, raw materials and finished products, 

Western region is the most industrializud but is 

anergy :'deficient. 

If tho decline in cc:.pacit.y utilisation can 

bo arrested and tho trond rovorsod anergy uso can 

bo I'oduco.d 1n many industrios. 



5,35 L'·•>:•:;,y efficiei1cy can bu incrlleSed through 

duVGlopmont of energy ... efficient industrial technologies, 

reduction of the energy-intensivo product-mix. In 

o rdor to increase energy efficiency, additional 

inv,_;sb1Gnt may bo required. It may be worth giving 

indust ribs incentives for these changes. Our enorgy 

ufficiEmciEs are <:;raclually impmving and it should bo 
I 

11 oss5'Jl o to further gain momentum through greater 

awarori<-.o ss and tl l'DDO r P.olicios. E;asy-to-impl om ont 

housc.;l'•":.ping muasures which have low or negligible 

costs c2n hullJ to a·ri ·~·xtcint in increasing industrial 
• 

.. 
energy efficiGncy •. Other cant rib.utin g fact,q.r,s .can be 

• • - ' • -· • ~ -~- < ••. • - ..• •' • .. : ~ "" j •, ; 

.. 
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p:r.·J.lggt.~~ns of CrUTI_!TIGrcial Enu~y Use in Industry 
. -~ _.s octo r 

6.1 £s·cimating energy requirt>ments of the industry 

sectDr is a difficult proposition becnuse of the 

diverse industrial activities requirinq different 
. oT 

levels of energy consum:Jtion per unitbutput and 

buccuso of qualitative and quantitative chnnges taking 

;Jlace in vari,...us sub-sectors of the industry sector. 

Soccn;llyt it is also difficult to project long-term 

pro._:ucr;c;n luvols.- ~owever, tho persp8ctivo gainmJ 

thr,-:J~n t.JXaminati8n of historical and curront trends 

CJf tho un ~rgy intonsities of thG hoa:viest energy- ,ul';ing 

in:J ust rit; s sh:J uld help pro j u ct anergy consumption by 

the industry sGctor as n whulG. Two alternative methods 

have boon usod for this pur~JOSG vizo (a) Macm-Method and 

(b) E.nu-Use r·1iJthod. f:Jroce.st of cemancJ has boon 

plan and 1994-95. 

6.2 Total anergy, fuel-wise) has been ;1rojectGd 

using tho simplG rolationshifJ between the sectoral GOp 

and the fuel-wiso energy intensitie~ ( E.norgy-Value 

added ratio). That is, ;JI'CljGcte:d. sectoral GOP for a 

given year hes been multiplied by pmjtJoted Bnorgy 

intensity for that yuar. This sim1-1lifiod projection 

does not take into nccount thG ;Jossible changes in 

tho com;1osition of inc.JustrL .. s, thu ;Jossible shift in 

tochnology and tho r::to of subditution of non-

commercial om~rgy by commercial .. mergy. 
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Eu3 ~n 1 ~ble 3.6 wo have examined trends in tho 

inLJflsity ~;f electricity consumption in Industries. 

B2.ssd on the r3te of growth of value added in 

i:lJu..::· ... ries for 1979-1982 sectoral GOP for tho 

inrlus·crinl soctor has boen estimeted f:Jr the ye 8 r 

1;:JC.\.85 nnd further proj8cted fur the years 1989-90 

a:::: _n in th;, plan llt.rsllectivc"' It has also been 

2::'.c·J'' -:, that tho inb3nsity of oh'c-tricity consumption 

will 1:·-::m·dn mnst0nt nt 1S8o.:B1 level, The forecast 

of ,_;~·- ::.:tricity dEmcncJ in industrios sect:Jr b3sed on 

thGSC:J assum;1tions is givon in the following table. 

------------------~---------------------------------------

1. V <:1 us AduGd in 
industries 
fls. 1 0 0 c ro res 
( 1 9 7 0- 7 l p :d C G S) 8 4 • 1 2 

2 ·• IntGnsity of 
E.l cct ricit y 
C.J n surnpt ian ........ 

(kwh/Ru;JOO V2lw:: 
o. 661 4\ddod) 

3. E.l oct rici ty 
demand in TWH 55 .. 60 

19 94-95 

141.7 198.74 

o~661 o.661 o.ffil 

66.78 93.66 1 31. 37 

---------------------------------------------------------
6.4 The assumptions behind constnnt Energy 

Intensity are th:=,t some of the Large Energy OJnsuming 

(LEC) in~ustrios would grow (thmugh installation of 

new carGcities) nt a slower pece than in tho past, 



im'::•l\'ing )•.)War olectricity input per unit of value 

c:;ck\•>~ a-G a rolativoly fastor rata. In any case the 

c;nuru:· ir:-!:onsity for electricity has remained 

.:,..,;.,:~· ~-··, JtJ:-ing 1975-19801;) In this connection 

~L :c : .. :· ·: J G ro u'J · · n E..n e rg y p o 1 icy 1 9 7 9 h as o b s EJ rv e d , 

The 

1''JrJ\1 :r3.i inrlustd.3lised c::untries hnve ado 0 ted 
I 

"IS 3 ;pal Ghe grar.JusJ l...,cuc'-i.cn in tho intensity 

of ::.n~.:r_;y sonsumurJ !lor ;J,lit of national income. 

[P 'JUl.' country alsu 1 it i3 n~JcEssary that at 
- t . t f. , .. •t h' h . 
. i. ~~ ~:. s J.ft . ro Sp L; c 0 v-'- .J c·:: r- CJ .. .:v .. W"l c J.s a 

v~ry high cost energy, there should be an 

o.ttempt to roduco this intensity (or atloast 

m sin tr: in l t) th r-c.~ .J ·ft o ~::.. ~- .:.n: ut .i.li sst ion of 

ce~pacity, r.~oro effici0nt us~: if r~13ctricity in 

th G inc:usi: :dt s sacto r and by following a 

strategy of inJustri3li5aticn in which LEC 
industriGs form a diminishing part." 

i:-~stella.+irr: ::If capacities 

a ro also cluar th<'lt a'J'Jmorintc tochnol~gios arc selected 
f I ( 

with due rogard tu energy cr.Jnsumption, Tho D resent 
I 

. . . th J "" , t :1ccsnt .Jn lVlc-roaslng c racG u: :Jiol~.L'Jymon 

gonGretion in all socturs tJoulrJ lc;arj to a decroaso 

in cnorgy intensitiGs .. H;:;wovor, the ;1olicy of 

on(;)uraging dcct·mtralisc:J inc".ustrial gmwth may 

0 th f . 1 ' l t • • t • ' • .L' ~ffiflOCG :::; al l.Cl 0 CC I'~CJ. j li1"C ui1S.1.t..lSS, 

.. 

6.,5 Using the simil::·r reliitionshir:~ D~:.ohJoon tho 

valuc-addod by the industry st.c't'l r e.nd the r_oncHgV 

intansitios fer oil c.nc: conl, '~o:nand for oil and 



' .-... --..--~·--·-·- -~·-··-.,. .. _ .. ___ _.... ______________ .,. __ ,... .. _____ .......... _________ ............ -.......... 
_Actual • p ro,jected 
1975-76 198.C-8j 1984-85 1989-90 199"4-95 

Valt.te Ad.d.ed in 
Indust rl~s 
Rs:. 100 C:rcrc.s 
("1S7 Q.,? I ;J ric;:;s) 66.08 84.12 101.03 141.7 198. 'IZ4 

E.nG.r~y Intensity 
(Oil ,1 • 07 3 c Q64 • 064 .064 .164 
Enor::J~/ !Y1tensii:.y 
( c.:, ::1.:'. ,i 0.766 u~. ·1 a; 0.813 0.837 Oe862 

o il D; :1-::am ct 
(mill ioYl ~u nn os) 4.82 r- 17"'"' 

.J" . .::·e 6,47 9.07 12.7 

C:J c:l 1 ... :t:.:-··~ · ·_ .-. :.l 
(millicil t,,nncs) 5Q.6 2 :- ,.. - ~· 

JO • j ( 82 .. 14 118.6 171.3 
... 4------- __ ,... ·-··-· ·---~·- ~~-----·--. -------- ·--- ·-·--- -------- ____ ... _________ -·---------------""""'!. 

6.6 It h.')s bE:r.m aseumcd that the. enorgy intensity 

CJf Oil will remain const.:Jnt ins;Jite of· thu policy to 

rsstrict the usc 'Jf furnuce oil among now industries 

on tt:Jchnic,:::.l reasons olono and to encourago tho shift 

from oil t:J coal in solocto~; :tnrJustrics. Faster 

gl'JWth of r\')·mastic crude; ;JroJuctiDn during Sixth plan 

and roccnt relaxation in policy for installation of 

DG Sets for 1;9ptivo powor gciiGration in selected 

_inqustrios for improving thsir capcc:ity utilizat·ion 

are important con;3iclcrat::.onD t::; as:_,umo thnt oil' 

intensities may not doclino as assu;nod by 't,he Working 

Group in 1S79 although oil consumption for c8ptivo 

power is not t e.kon in t,J account for c~mput ing o ll . 
int~nsitios. On tho other hand conl intensities 

wilt incroaso rjuo to gradual switch from non-

~·· ·' 

commercial tD commorci;:_1l energy and iossor availability 



G G ,-:, =-

6,. r -~;-= i'n"Y be moilti::;ncd that lJGEp had axaminod tho 

CUS.l r~CiiJ.::,nc~ 8Uparately for tho steel industry and rest 

of :1- .. in]ustrinl soctor because steel industry today 

cor-;si...:,\--:3 ar:Jund 20 por cont of tho total coal 

, , I· 1 ... • ·inn r:l'ir: p r _ ~ u ._. r, ... ~ "" . '" that tho consumption of coal per unit 

of''·'·: __ adc:uL.: by stoel industry is very high. 

coal can be substitutod by fuel oil of 

ruu.:;.· ·, >:,....lf' the W:;ight of coa.1. usoc:.;., ThoroforG, 

lJGE".~-o· ;.1 ,:"':::-::::rrod t:J ostimnto coal cnc:i oil demand for 

the :i .. n·.:u3":'ry s.Jctor oxclur.1in::; st.;::::l by taking th<J 

com'::-ir. .,: intensity of coal and oil. 

6.8 It is difficult t·.J p:c.::;dict how vslue addod pe:r 

this Jy:~.i f!F:.rikh in his modil~)n .JI"!c·::gy d~.:::mand for 

tho Industry s:wtor ostimc.tod <::>ncrgy roquiromonts 

thr:;U£lh c"!+:r:Jgorising industries into LEGs and Non-LEes. 

Valuu AddGcl and onorgy consunptiqn for each sot of 

industr,L's wo:re Gstimatod on the basis of ave.ilable 

data and onorgy intonsitios for oach catogory worked 

out to prJje:ct Energy roqui"tam.:mt.s sor~3rAtoly for LEe 

nncJ N·.in-LEC industrios. This method of energy demand 

forecest helps in assessing the .irr.p3ct of policios 

dosignod to alb:;r tho industrial mix. Data limitations 

are , ho w o v o r, q u it. c a p ;1 a ron t , C:S: 0 1 s d at a on v o.l u o 

addGd in manufacturing is clubbed ln - arg:J sectors., 



h r l.nc. l.;J y in India up to 

2ClO<'~. -05 (f'Jwvumbo r 1984) has fa recast energy demand 

t h.J ir:ciustry s8ctor through this macro-method. 

dcnivod v2luo ~Added for LEe In:Justries from 

trw :late. and valuo added in NLE:C industries has 

bc,;r; nr..rivr.d P't by subtracting L EC value added from 

th-' c,d:-:11 vclu; mJcled by the inr'ustry sector 0 Actual 

enJ·:_jv i:rtensi-L.ius (fuel-wiss) Lr 1~J7Q, .. 71 and 1978-79 

!: '-'"J..; ~! : c::n WcJ rk eel out as un dG :r.; 
···-- ·-~-----

4

-- --r•,.--·• --- ______ ,.. __ ·-.--..-·---~· --~-.,.-... -~------·--·--- ....... ·•~.....,_...·-·· ·-·--..-•-·• ... _'-

C ·;· ~-;~icity (kwh/Ro) 

L. E. C. 

N.L.E.C. 

Oj~ (kg/ Ro) 

L. E. c. 
N.L.E.C. 

Coal and Cako (kg/Ro) 

L. E. C. 

N.L.E.c. 

1 .• 20 

o. 3349 

o~ 1 o6 3 
0" 090?1 

1. 0100 

o~ 33 9F.i 

1. 46 

o. 2640 

Do 0840 

0.0392 

1.324 

o. 2725 - .... -- ...... -~----... ---______ .... ____ .,._,. .. _______ -.. __ . ________ .. ___________ ~--------...-----"'--

It has been assumod that tr.~ present level of 

intensities of energy uso in LEe nnd NLEC will 

continuo although it is po:::s.itlo thet due to 

cons arv ati'J n, effi cicncy imp ro VGm ..::r:ts and now 

procossos, intensities in thoLE::.; industries can bo 

<JX:Juctod to decline. It is difficult to forecast 

growth trond of ~norgy intensity of NLEC which will 

dopond upon ~mpro-vomonts in production efficiencies 

and on substituti:Jn of oloctric.ity and coal for 

p ros·ontly used non-commorcinl scurcos. 



It is howover, f::.-lt ·;be~·:- ·i:;h:.; <:::-~:::r:gy intunsitios of 

1970,,'{'1. :Ji: 1 1::J?0.-79 U.jUr::;s indicato due to lack of 

R & C cff,Jrt fcJr energy c:Jnsorvatinn '3nd lack of 

inc,,r, 5.0:.:; ns thG Gnz:rgy cDnsumotl by incl.i.v.idu3l unit 

37i:, of the olectric.ity and thoir sharo is eXpected 

to :i.ncre.-ase. it futurQ,. 

by AB£ fD r di ff··e ront seen nrio s ;:;nv iseging tho 

f:JL.:... LJi ng growth rat GE fo t' 1 Si8 4--8 5 to 2004-05., 

1. LJW GOP::= 4 uar cant compound annU(·•1 Growth for 
19'0 4 ... 2004. 

2. High GOP= 5 per cont com:Jound groLJth par annum., 

3. L~..;w LEC gmwth rate so thc.t tho share of value. 
Adc~od by LEC industd.r:s in tho totcl industrial 
'::JI·:Jwth comes c:iut.Jn to 30% ir. 2Q0l\-05 L.e. 

LEC/YIND = 30% in 2004-05. 

4. Hi:,Jh LEC -- LEC/YIND = :37 }6 in '2:J04-05~ 

6.12 Those assumptbns sss:J:~iL; two cifferont 

strntogiGs :Jf industrial gr.JWtb ~ (i) Strategy 

aim cd nt mode rating growth in th c c.n Grgy in tonsiv o 

in dust rios ( 2) Strategy to m c:.intain h.i.gh ')ro wth rate 

of LEG industriws. As the differen.ca betweon tho 

st:I;O]tcgies gets accontuated with t.imo. the terminal 



yuar i.a. 2004-05 onr.:::-gy consum!Jtion will be as under:-...... -....... ~·------ .... ___ _.....,.,..,"" ........ ~., ....... __ ~------------.... -... __________ ......__ 

Low GOP LGDbl HGOp HGOP 
Low L.. E.~ tib.ll LLEC .!:!LEC 

Electricity ( bkwh) 

LEG 140 17 3 170 210 

NLEC 59 53 72 65 

Fuol Oil (mt) 

LE:C 8 10 10 12 
NLEC l"' ;;! 8 11 10 

Coal (mt) 
LEC 127 157 154 190 
NLEC 61 55 74 67 ..... --------------------.......... --....... -----.....-- ..._ _________________ ....,.~--
6.13 The above results indicate that in a high Gop 

scenario the effoct of following a strategy aimed at 

moc.i~rating growth in the energy-intensive industries 

will result in a '-~saving of about 3~ bkwh of electricity 1 

29 .million tonnes of coal and 1 million tonne of oil. 

This is tho off e;;ct of rod ucing the share of LEG 

industrios 5.n the Manufacturing Soc;tcr from 37% to 

30%. The policy implicetions of these results are 

that either tho sharo of LEC in the industries sector 

should be brought down to effect energy saving or else 

enorgy efficioncies of tbe LEC be increased through 

R & 0 offo rts to roduco their consumption levels and 

their energy intensities. 
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With the hol~, of tho consumption norms and 

the production targets of individual industries, it 

is possible to dorivo the energy roquiroments for 

the individual industries. Unfortunately, detailed 

fuel oil consumption norms for various industries 

aro not availnble and are highly susceptible to the 

p:~j ·_;j.ng policiJs and availability of oil. Tho s~c 

hoL, s :'or coal: for which ~disngg re ~at ion is available 

in +,G<.iS of 5 t:o 7 industries. However, Gloctricity 

e;:;r;;:;L.:r.'rltion no['IT!s arc available in tho Technical 

No t:.J :J n Sixth pJ. an. The plan do cum en t also gives 

tho t argots of [Jroduction for major individua~ 

industries in physical teims for 1984-85 and 1Sl94-95. 

The. targets of production for 1989 ... 90 have boon 

estimated using the annual growth rate of those 

indugtries for 1984-1994. Furthc:r. it has bean 

assumed that the electricity consumption norms do 

not chango upto 1995 bocauso of 

(i) expected substitution of oil by electricity; 

(ii). increase in tho shares of tho high qunl i ty 
.products in tho total out[.Jut; and 

(iii) expected improvements .in the quality of 
p reduct s. 

It is assumed that tho effect :Jf increase in 

electricity consumption due to these factors will be 

ngutralise:i t.hmugh eloctricity conserveti..on offortse 



. 
~:~ ~~(~ . ~ .. -

Tha Ts.blo below givos ·::nc oloct.ricity dome.nd from 

tho end usa method fD:r· 2o11c: lJf rH~-.~or industries only. 
-·- ............. _ _.., .. -.-·.:~"""-- ..... ---, ......... ~ ... :""JJt-:- ,. __ , ..... ~~:-~··•t· .......... -~ .. -- ........ ______________ ... __ ..,._ 

ElLctricity Dc'mnncl Forncast for Major Industries 
fmm E.nu ... Usq_Jl_t2thog_fc;r 1989-SO a_!!d 1904-95 __ 

I tom Unit 1 ::-u~ .... :;;o 
~- ( p :r:Q .iQ_g t io n.:...J!)'-.--
p m due- Eloctricity 
t io n Co n sum ad 

1994-95 
_ _ie_;:w ,j e c t io n) 

p mduc- Electricity 
tion Consumed in 

:rarget in Mkwh Target Mkwh ----
Co a.l 1o6t 231 3465 325 4875 
I rc• n ,. ~ 11 64 960 75 1125 u -~ .... 

pot.~.:· .L , . .,. 
- 11; 

? ro c3 uc· ·:. 11 46.6 1444 61.4 1903 

CGm nt " 46<> 3 5556 65 6670 

Milj ~tu ol II 15.8 11050 22 16500 

Cloth 1cf 16157 U744 20000 10824 
mt rs ~ 

p? Jar ~c 

Pap or Bo ~rj 1o3t 2123 2S72 3000 4200 
N owsp rint II 258· 542 370 777 

Synbh ct ic 
fibros " 317 1594 490 2959 

Nitro gonous 
Fertilizors II 6384 :;uo1 9700 13678 

phosphatic 
F"ortil izors II 2244 2581 3600 4140 

1#\lum.i nium II 45S 9180 700 14000 

COpj]Dr Refined 11 50 12 75 15 

Zinc " 116 487 160 672 

Load " 35 10 so 25 

--- ---·· ·-· ·------·---...<'· -~-·- . ---·-·-~-. .... ----· ----·-·. -.--···--·~-· ···--~-.. -- . .. .. _., ~-------· ... -·----
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e rincipal findings and Co ncl usiQ..!l§_ 

1. In the first two dec'3.dos of planning, the share of 

coal in the gross commercial energy use in the 

~conomy steadily decreased while the share of 

electricity and oil consistently increased. The 

pattern of energy consumption has been undergoing 

a pi'.Jcess of difficult adjustments in response to 

changes in tho relative prices, scnrcities and levels 

of activity in the consuming sectors. Electricity 

has been the preferred form of energy consumption 

and has consistently registered a high growth rate. 

2. A close relationship exists between the consumption 

of onorgy and the overall growth of the economy. 

The rates of increase of total commercial energy 

over the long run follows the same trend as that 

of GOp as woll ns of value o.dded in industry. 

3,.. f\n important factor that emerges from the study 

is the relative intensity of energy consumption 

in the economy. The long-term energy: GOp 

elasticity cC\:{ficients show a remarkablo stability. 

The tJnergy-GOP elasticity coefficient·-. in India 

is high compared to developed countries where it 

is lowar than unity due to high fuel utilization 

efficiency_ Our high elasticity coefficient- may 

be due to a fairly steep tst curve during the 

iJarly phases of industrialization. It could nlso 

c e due t o t he fact t hat t he r e i s an el em en t o f 

sub stit ut ion of non-commercial energy by 

commercial energy .. in the Indian economy. 

4,. From t.imo to time powor shortages in India have 

affected economic activity in both the industrial 

and agricultural sectors. Coal shortages have 

caused low utilization of installed capacities_ 

in major coal consuming industries. 
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5. The intensity of energy use in industry has 

been stoacily increasing during 1953-54 to 

1St00-01. The increase in electricity 

consumption is thG main reason for the rise in 

the intensity of energy consumption. 

6. India's industrial output has grown slowly but 

its requisite energy inputs were much higher 

compared to Brazil, Kenya and Korea. 

7. The import ant role of coal in our fuel-mix and 

the development of heavy industries mostly explain 

our high industrial energy consumption. 

o. Historical trends of energy consumption of some 

large energy consumption industries reveal that 

energy intensities have remained fairly stable 

in the case of toxtiles, while in the case of 

inorganic heavy chemicals, paper and paper board 1 

iron and steel, energy intensities have declined. 

There has boen a steady increase in the energy 

intensity of Non-Ferrous Basic Metals and Cement .. 

Gro ate r volatility in the energy int en si ty of 

fertilizers industry has been obsarved. 

9. Subst itu tio n of non-commercial fuels by 

commercial fuels have resulted in higher 

ol astici t y co efficient s for commercial energy. 

10. Actual growth rate in production of coal, 

electricity and petroleum pmducts has been 

much short of target at the end of Sixth plan 

( 1904-05) with the result that inter-fuel 

substitution dictated by the pricing structure 

would not be possihlo due to the supply 

bottl::::nocl<s., 
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11. The share of Large Energy Consuming (L EC) 

inc.Justrios hns declined as a percentage of 

the registerGd .ssctor while their share has 

remained more or less constant in the to tal 

industrial sector comprising of registered 

and unregistered industries. 

12. Growth rates of industries which consume 

more anergy per unit value-added are higher 

than the growth rates of industries which 

consume lessor energy such as textiles. 

13. Energy intensities for some of our LEe 

industries are high by interoational 

comparisons. This may be for want of energy 

efficient technologies, advantages of 

economies of scale or due to greater 

fJuctuations in capacity utilization. Energy 

efficiencies in the LEC industries are lower 

by int ornatio nal camp arisons but are 

imp ro vi n g o vert im e • 

14. prices of electricity have risen less than 

the other two fuels namely coal and oil. 

The pres ant pricing s t ruct uro sho u.1:l, in 

p:r.i.nciplo encourage substitution of oil if 

coal and electricity sUp:-JlY could be reliably 
• d I p t"J V1 eo • 

15., :Adequate pricing policies can help in taking 

appropriate decisions for conservation measures, 

appropriate choice for technologies as well 

as fo 1 i.ndustrial mix. 
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16. Oppo r·tunitios to utilizo energy efficient 

tochnologios in India are enormous. Energy 

Gfficiency can be increased through 

development of energy ... efficient industrial 

technologies reduction of the energy-intensive 

product-mix and improvements in capacity 

utilization. 

17... Demand forcasts, based on different growth 

scenarios indicate that a strategy aimed 

at moderating growth in the energy intensive 

inJust ries can result in an annual saving 

of about 33 bkWh of electricity, 29 million 

tonnes of coal and 1 million tonne of oil 

by the year 2804-05. 

10. Past patterns of commercial energy 

consumption indicate that in the next two 

or threo decades, pattorns of enorgy 

co nsump tio n t,d~l chang e. 

- ... -.---.,.---·--



Regression mo::Jsls !]oth linsar an:·: log linGar relating 

consumption of uach energy fuel in the econ:Jmy as dependent 

Variable to Gross Domestic Product (GOP) as GXplanatory 

Voriablo worG studied enc rGgressed f:Jr the year 1953-54 

through 10C0-01 and for various sub-periods. The rEsults 

of the total period (1953-1000) nre as under:. 

---------------------------------~------------~·---------------Sl. 06p endent I n,;epende nt Re grossion Madel 
~ .lf<.u:iable Variable 

1 e Coal (Y 1) GOP ( x1) '-log y1 = -6.833+1.036 log 

' . Y1= 1. 203+Cl. 0015 x1 

2. Oil ( Y2) X1 lag Y2=-16.32+1.904 log X1 
Y2=- 6.32+].01]4 X1 

3. Eloct ricity 
x1 log Y3=-24.14+2,663 log x1 (Y 3J 

y 3 =-5 fl Q 6 0+0. 0 0 3 x1 

4. Total En err.:1y x1 log Y4=-13.64+1,002 log x1 
( Y 4) ( Commercial) y 4=-11 2. 57 +0. 009 X1 

---------------------------------~----------------~----------

log Y1 

Y·i 

JLog Y2 
Y2 

log Y3 

y:-5 

0.92 

0~99 

o. 9277 

Do 92 

o.so 
17.0 

33,6 
35.90 
32.5 

45.92 

37.6 

47.4 

o.o55 

s. 000 

J,050 
o.ollo 
o. 002 

o. 000 

0.040 

o. 000 

-o. 936 

0,940 

o.779 
1. 241 
o.o25 

1.002 

1. 040 

1.957 
-.. -·---···->_)_ ··- ........... ~-- ., .... ~·~-:-~...;.- ........ -4 ... -·.- .......... --.;. ... ,.-- .. ··--·------ ...... ,_-~----------~-------

l<l.= ~quar;:;: of Correlation Coefficient; 
s E = Standard e rro r; 

ows = Durbin Watson Statistic 

Note: Y1, Y2, Y31 Y 4 relate to consumption in the 
~conomy as a whola. 

X;: 
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Regression models both linear and log-linoar relating 

consumption of each energy fuel in the inr.Justrial sector 

as dependent variable to sectoral GOP for the industry 

sector (mining and manufacturing) :=JS explanGto ry variable 

were also studisd and regrensod for the year 1S53-54 through 

1SCJO-C1 and for verious sut-periods. Tho results of the 

total period (1953-1900) ere as under: 

--------------------------------------------------------------Sl. Oeo endent I ndepondent Regression Model I 

N.2..•. _V2riable_ Variable 

1 • Coal ( y '1) GOP (X '1 ) lDQ y '1 =- 6. G 3 + 1. 21 log X ''!I 

y '1 =- 7.91 + o. 000 X '1 

2. OIL (Y I 2) (X t1 ) log Y 'z = ... 3.60 + 0.60 log X'1 

Y '2= 3.32 + o •. oo1 X't 

3. Electricity (X r1 . log y '3":" .... 12.59 + 1.05 log X t 1 
( y r 3) 

Y t 3 = -15 .6o. + o. 009 X' 1 

4., Total Energy X'1 log y '4 =- 7. 37 + 1. 36 log X'1 
( Y'4) (Commercial) 

Y'4= -~0.10 + o.o1o X '1 
-------------------~------------------------------------------

Other related results are as under: 

-·------~----------~-----------------------~-------------~----
De p e rttle nt r2 ~ust od R2 t;..val ues SE OlJS 
Varia2J:JL __.....,. __ 
log y 11 o. 97 'J. 97 31.40 n. o3o 1.20 

y ' 1 CJ. 97 J.97 27.67 o.ooo 1.06 

log yt2 0.03 o.G 2 11.17 o.o6 o. 93 

yt2 ~.,74 0.73 0.7 o.ooo 0.,06 

1,.., g yt3 :J ~ 9 [; o~ 90 30,.C9 o.n.4 4. 20 

y:3 n~·so o.so 35.03 o.ooo o.o3 

log VI · . 4 c$ss o~ss 51.20 o.o26 1.19 

yr4 0 cc ._:;;;;;; o. 99 46.74 0.0003 1.30 
-· "--- .. ~.-o--~-... -- , ____ ._.._....,. ___ .;,.. _____ ... ., ·-·---·------------------ ____ _.. _______ -----

r2 += Squa r.e of Co rrel at ion Co efficient; 

s £ :c Stand arc E~rro q 

ows == [)urbin Watson Statistic" 

f\IJts: Y'1, Y'z, yt3, Y14 and Xt1 relate to ·tho 
industrial sector only. 
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