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Chanter - I

Commercial Energy Consumptisn in Indian Indust ry:
«.. pattems & prospects

INTRODUCTION
1«1 Energy is crucial to all production. UWhereas its
abundant supply can create favourable conditions for grduth,
cnergy shortages can adversely affect both production and
productivity, 1t is in the context of the planned
objective of rapid growth that in India, energy sector
has received large plan allocstions, Total expenditure
on Energy scctor for the Sixth plan is oxpected to exceed
30 per cent of total plan outlay.
1.2 Commercial Energyvtéhéumption in India has
increaséd six-fold aurihg the iast fhirtyvyears. Betwecn
1653-54 and 1980-8f, the annual grouth rate of
‘commercial energy consumption was 6,7 per cent, Industrial
- goctor is a major user of commercial energy in India,
It accounts for 40 per cent of total commercial energy
consumpation whereas it produces only 10 per cent of GNp,
High-lcvel of commercial cnergy consumption is due to dur
more ehergy-intensive industriag product mix such as stecl,
cement, ammonia, aluminium, pulp and peper, fertilizers,
chemicals and refined petroleum,produéts. Energy
'intensitics_havc also increased in the economy in goneral
andLinddstrial sgctor in partiCU;af;f High levels of anergy

intensities comparad to many doueloped cauntrios

4
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and ncuwly industrializing developing countries reflect
di?ferances betueén manufacturing process, the product
mix, the type of energy source, the scale of plant and
the general efficiency of energy usa.

143 Another important determinant of the share of
enzrgy in total product cost is the price of energy,
The differential prices of different types of ehergy
effect their resgeétive consumption in various sectors.
It is gssential to be aware of the impact of changing
enzr3y pricing structure for formulating appmpriate
snergy policies,

Zpumose aof the Study

1.4  The specific purpose of this study is to
describe and explain trends in commercial energy
consumption and analyze the factors affecting enargy
consumption, @&s the energy is consumed in the process
of nproduction of goods and services, its close relation-
ship with the overall grouwth of the cconomy and the
sectoral growth of mining and manufacturing has been
examingd. .

1,6  Use of energy in the industrial sector is the
result of two inter.related factors- structure of the
sector and intensity of energy use. Both structural
and intensity characteristics are themselves
manifestations of a variety of factors. An attempt
has been made to study the imsact of changing

industrial structure on the demand for commercial
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energy in general and that on various commercial fuels
in particular, Trends in fuel-wise energy consumpt ion
in manufacturing in the first threec decades of planning
have bcen analyzed and a basis establishad for projecting
future demend, A detailed examination of the heaviest
energy-using industries has besn carried out with the
nrincipel focus on production processus, technoligies
and aother significant factors. A key clement of the
approach is thse celculation of ratics of onergy use pe&T
unit of valus added at constant grices,
Kl.6 Energy substitution is an integral part of
engrgy manageéént. To identify integr.fucl substitution
possibilities, trends in fuel substitution heve been
studicd, The endcavour has been to analyze, inter alia,
the effect of increase in energy prices and other
gconomic ?actors on the fom of cnergy consumed, AR
examinstion of the changing consumption pattern of
commerecial energy in the Sixth olan illuminates the
dynamigs of decmand changes and the use of commercial
energy in the industrial scetor as envisaged by our
nlanners. Energy cfficicncy of our industries is
another important issuc which hae been probed in detail,
foracast of commercial cnergy demand for the industry
scotor is a difficult task. Efforts have boen made to

nToject commcrcial energy requirements for the Seventh

‘plan and bayond,



-3 4 2:a

Aoproacgh and Mathod:

1.7 Basic Data: Energy Survey of India Committes

ReDQrt, 1985 and Fuel policy Committace Report 1974
provide fuel-wise commercial energy consumption both
global as well as sectoral upto 1970-71, This has
been supplomented with the data on Electricity,
petruléum,and Coal statistics from the\éwnpalv
publicatians. National Accounts Statisticsufurnish
GDp statistics.For the economy and its sectors, These
have buen made use of to corraiatc'“ﬁergy consumﬁtion
and natisnal and sectoral gfouth.

1.8_ '"The best set of data on encrgy consumption in
temms of comprebonéiVQness of covcrage, compafébility
across indu;tfies and over time, and availability of
data over a large number of ycars is prauided.by CeSa0.
The basic historical data for the majdr~indUsfries‘has
been derived from the Census of Manufacturing from
1546 to 1558 and from Annual Survey of Industries
(Lensus Sector) from 1959 to 1973, Energy-bonsumpt}on
is reported both in the consus as well as survey in
temms of specific physical guantivics and in Valdé
temms, The census was confincd to 28 industries but
the coverage was widened to 63 industry groups with
thé ihtiod@ctidn.qﬁ ASI in 1959, This classification
has, bowever, undé:gona a change since 1973-74, The
dotail od reéults (census sector) published in 1g

1673-74
volumas are aveilable . wptc - . anly,

06:05/‘.



1.9 Historical energy consumption data on the
eChsus and Survey basis has been tabul ated for
analysing the changing energy utilisation ratterns
and snergy intensities of large energy consuming
industries which include textiles, fertilizers,
cement, iron & stcel, non-fermus basic metals,
rofractories, inorganic heavy chemicals, pulp and
pasar, cte. have beon worked out to study the chagirg
trend of encrgy consumption undcr the influence of
changing product-mix, technology_and other sconomic
and non-economic factors,
1. 70 A close appraisal of the pattem of ehergy use
in the seventies has bcen done on tha basis of
disaggregated consumption data available in the annual
publications es woll as the input-gutput table estimated
for 1979-80 and prggectad I-.0 t-%lg for 1984-85 in the
&

tochnical note on/Sixth plan.

Mothodoloqy

111 Trends in commerecial encrgy consumption have
been analyzed for the ycars 1953.1980 computing rates
of growth of commercial energy fucl-uise as well as'
for the total cnergy both for the short-tem and

for the long-torm, Energy-GDp elasticities for the
varigus periods and their compariscn with the
developed countries help to examine fuel utilization
efficicncy in the economy as a wholg and tha industry

sector in particilar,



1.12 Regression models (both linear and
éXpﬁﬂEﬂtial) : frelating encrgy consumption with
activity lovels have been studigd to examine the
sgree
nature of relationship and the of causation,
1.%3 AS1 data has elso helped to study the
chenging consumption norms (Energy/Output) and the
inter~fusl substitution, The gquestion of inten—fuel
subgtitutiosn has been looked into by revicuing a
varicty of nublished infomation on the subject.
The guestion of energy officicncy in Mining and
Manufacturing has been addressed in a scparate
chanster and the factors rgsponsible for low
gfficiencies analyzed, The impact of energy prices
on thoe energy consumption pattern has been asscssed
vthrough.aVailable gstimates of pricgﬂg%@@ticities
andvcrassﬁelasticities from some reéont»studies.
1.14  Tuo methods have boan used for nmojacting
the commercial wnergy demand fur 1985-60 and 1994.95,
These are (1) Macro - method using gﬁcraimple
betueen value added
relationship/and energy intensities; and (ii) End-use
method uhich uses the cnergy consumption nomms and
the production targets for working ocut the energy
requiremant,

Data Limitations

1,15 A major handicap to our analysis and
nrojections of encrgy use in industry has bcen the

noneaveilability of reccent &SI data. Other sources

do not Jrovidd disaggredabed data fot the consumption of



different foms of commercial cncrgy particularly
for the less energy intensive industries, Working
Group on Energy policy, 1979 studied the energy
perspective and projected the cnergy demand upto tha
year 2000-01, The energy consumption lcovel during
Sixth plan has proved many of WGEP assumptions
untruc. This was clearly bucausc WGEP nmo jections
were made in the absonce of eppropriate and

comp rehensive cnd-use consumption data on different
engrgy fuels for the seventics. The déta position
has not substantially changed since then,

1.16 A second and most important limitation is
that the industry sector in India consists of two
distinct parts - one referred to as the registercd
scctaor consisting of facturies rcgistered under the

Factories Act and the other unrogistered scctor,

While ASI covers the tutal factory sector, its census
sezetor doss not cover more than 80-85 per cent of

the factary sector., The magnitude of the unregistered
sectnr is very important in so far as the unrcgistered
sgctor is a significant pontributor to the total
industrial production and contributes over one-third
of the totsl value-addod. While this sub.scctor of
industry consumes nNon-commercial encrgy heavily, its
commercisl ecnergy consumption pattern has also changed

with groater eoncumptisn of ol ectricity and coal,
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However, there is a complete :lack of

commercial energy
infomation on their/consumption pattem, It is,
therefore, difficult rather impossible to hazard
a guess on the efficivncy of commercial energy usec

important

in this/secgment of industry,
1.17 A caveat may be entecred in the beginning
itself that the study has cancentrated on the
ccnsumption pattern and not on wnurgy demand,
Thore is, undoubtedely, a substantial level of
suppressoed demand for coal and power in many
industries and with the aveilablc data base, it is
not possible to identify this gap in consumption
and rcal demande. The question of energy shortages

has also not been taken Upe

Conceptual Questions of Ensrqy Usu

1.18 The conceptual probloms relating to the
conversion factors, efficisncy criteria, price
deflators for deflating valus.nadded seriegs have been

resolvad on the basis of ceonumin ond technical

GV eNTioNE adopted in this country.
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Chapter 2

Trends in Commercial Energy Consumpt ion

2.1 Commercial Energy provides the bulk of
requirements for modern industrial society. The
conventional#* sources of energy, sold in the courss
of commerce or provided by a public utility, are coal
(including lignite); petmleum (including fuel oil,
gascline, kerasine, diesel fuel, natural gas and
liquified petroleum gas); and electricity generated
by burning one or other of these fuels, or from hydro
or nuclear power,

2.2 " The share of commercial enezgy in the total
encrgy consumotion has besn increasing over the past
three decades, A statistical review of the
consumption of commercial enhergy in India during the
last three decades would provide a good basis for
forccasting the energy requirements of the future
commensurate with our development objectives and
immediate and longcer tem necds.e AN analysis of the
trends of energy consumption would also help in

unde rstanding the causcs and sansequences of such
consumpt ion particularly in the industrial sector

so that measures are taken to raticnalize the energy
consumption through, inter alia, conservation and
imp oved cnergy management, The analysis covers

tho three principal forms of enargy, viz, coal, oil

and clectricity.

#* Wood is not included in this category although it
was extensively uscd in the pest, and still is to
somc gxtent, for industrial purposcs. Conventional
and pommercial unorgy is thus virtually synonymous,



Pprimary and Secondary fomms of Energy

2,3 Commarcial encrgy is divided into two fomms,
primary and secondary. The primary foms of anergy
arc a gift of nature in which there hés been no
chemical transformation before use like coal, oil,
solar, falling water, ctc. Secondary fomms of snergy
are produced by trensfomation of the primary fomms.
Hydmopower is regarded as primary ecnergy and thermal-
generated power as %Epondary** encrgy. Similarly
refined oil praduéfé are sccandary fomms.

Unit of Mgasurement

2.4 Fdr purposes of aggregeting the guantitios of
encrygy obtained from differont enorgy sources, it is
nocossary to adopt a common unit of measuremcnt,
Unitsd Naticns usece coal equivalent tonne as the unit
of measure, In India, however, thc Energy Survey
Committoo 1565 which first studied the trends in
gnergy consumption adopted the Tcual fanlacement
tonna! as the comﬁon measure, Since tnen the
concept of million tonnes of coal renlacemcnt

(mtcr) has been uscd by other Commit£ées and grounse
This measure takes note of not only the quantity of
heat value available in the different fuels used

but elso of the verying efficicncy in tho eppliances

emnloyed, mter gives the amount of coal that would

#% Nuclear power is commonly referred to as
srimary energy although this does not
accord with a strict interpret-tion of
tha definiticn.
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have been needed in the ecsnomy if no other
source of encrgy were available. The concept is
of particular‘relevanca in India whure the major
encrgy source is czal and the major policy
question is how much coal is required to replace
a perticular fusl, The mtcr for a fuel is computed
as undc rs
(efficiency in use) Calorific Valuec of PUeM
mter fuel = fuel X ' ;

(efficiency in use)
Coal

falorific Value of Coal

It is assumed that calorific valuc of coal in

India is oqual to 5000 K cal/kg. The rates of
conversion of different mcasures of energy in
their ariginai units to coal replacemcont and

coal wcuivaelent are set out in Table 2.1.

245 In the psrasent study of @atterﬁ of commcrcial
eﬁer@y-usa we Have made use of mter converéions.

It is, however, felt that mters should be computed
and periodically updated for cach individual

Fuel. kemning in visw tho g oveilirg of ficiencies in use,



Coal Replacemgnt_and Eguivalents of Different Fuels

i e P e G TR R4S NS ep bt D et o St S S g A D A B By SN (e BN et geeg B St UTP STS WSS G0 GO0 Ao (hd D G St b MBS WY AP ERS TP G S by S e D G e

Fuels Original Coal eguivalent C(Coal reple
Unit in me tonnes cement in
mtce m. tonnes
__________________________ mer_
Coal 1 mt 1.0 1.0
Ha)’.‘d Coke 1 mt 1@3 1.0
Scft-Coke 1 mt 1.8 Teb
Fi rewood
(4750 K Cal/kg) 1 mt 0.95 0. 9%
Charecocal o
(6500 K Cal/kg) 1 mt el 160
0il products
(10,000 K Cal/kg)-
Bl ack produc;s Hs/
i.,e. FO/RBF/LS! _
éHS} / 1 mt . 2,0 2.0
Kerosene & LpG mt 2 o B8e3
HSDO & LDO 1 mt, 2,0 9.0
Motor Spi¥it &
Jet Fueg 1 mt 2,0 7.5
Natural Gas ‘
(9000 K Cal/kg) 10%m 3 1,0 3.6
Electricity 109KUH 160 1.0

e b Tt et O aP AP et B A 7 W et $Lt T8 St St ol 4t b nd N St Sy
I S e aladaiad ol dadadohadanbani ~ ~

i 6 48 ' kg -Coking Coal
Note: Coking Coal 6640K Cal/kgs Non-Co
i used in steam genesraticn 5000 K Cal/ kag)

Souveey Report bf t he Fuel policy Committee, 1974



Total Commercisl cnergy Cansumption

2,6 The consumption of commercial znergy during
the period 1953-54 to 1980-81 is shown fuecluise in

original units in T=ble 2,2, in millisn tonngs of .

coal replacement units in Table 2,3 =nd the percentage
share of different fuels in commercial cnergy consumption
in Table 2446

2,7 Table 2,4 shows that the shere of coal steadily
decreassed while the share of clsctricity have increased
betueen 1853-54 and 1970-71. The share of oil which also
increased consistently until 1672.73 started declining in
1673-74, Thc trend was reversed in 1976.77 and the sharo
of 0il in totel encrgy consumstion went up to 45,47 pgrcéntx
in 1980-81.

2,8 An analysis of the trends, fuel-wiszs indicatus

_that over the period1853-54 tg “570-71 the growth in the

consumption of oil products and wlect-icity was relatively
more Tapid than consumption of coel. In the period
1670-71 to 1575.76, there uas a spurt in the coal
consumption and a deeline in the grouwth of oil and
clectricitv, There was a reversal of this trend and the
growth of 9il and electricity oonsumption azain nicked

up in the next fiué years., The details of the rates of
growth during the different sub-perinds of tne three

srincinzl sources of encrgy are given in Table 2,5.



Censumption of Commercial Energy Fuel.lise

ot o g SR Sy ooy war S

1953.54
1854..55
1955.56
185657
195758
1950..59
1659460
1960-61
1961-62
196263
166 3-64
196465
196 5.66
196667
1967-60
196860
1869..70
1870-71
1971-72
197273
1973.74
197475
1675-76
197677
1977-78
1976~78
157600
1500-81

Lin originalhggéﬁgl’_

Coal 0il Electricity
million million TWh
e FOMES 0 tommes

28,70 34 66 7.60
20,50 3 96 8640
28,60 4,66 9,40
30.70 4,67 10620
34460 : 5,22 11, 0C
36640 5455 13,20
35,70 6,16 5440
40440 67 16490
44,1¢C 7,46 19,37
49,10 8039 22,57
43,46C 8,65 25,2
48, 3¢ e 29 27.76
5148¢ 9,94 30, 56
52.70 1C+62 33,21
54--50 17,28 36,76
53,00 12,66 44046
56, 66 17,05 45402
51,32 16,55 ‘ 48465
54414 13,97 51,25
53, %4 7. 35 F4e15
59,61 7 E6 E5.52
€770 7430 ECe 17
70096 17.79 65,97
71440 0403 73¢03
75,86 20,06 76, 00
68400 21470 34420
7149¢C 22487 66 4 37
77440 _25.18 B9 .

P o A s s D G St B A ol ot S e s et B i, S e

Note: Coal consumption excludes use of coal for colliery
consumption and power generation; consumpticn of oil
gxcludes oil used for Eouer generatioR and non-energy

purpeses and refinery 1
is at the consumer end.

osses; criastmption of electricit

Sourees: Thro! 1970.79 Fuel policy cCommittce Report 1974 and

Wo rking Group on Energy pclicy 1979, Figure§ for
the years 187930 and 1+CG~01 have been obtained fro

Various annual publiceiisns viz, -t
A1l Irdia Orrl =hsticticsy; Indian petrocleum

and petro.cnemic ls gta?istics; and General
eview of prblic Jlsotrieity Supnly.
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Total Consumption of Commercial Energy Fuel-llise

ABLE 2.3

B ot Qb B0 gt G W S g B D B e S o) S Bl S Pl G s A i) S Bt S et DB T AP 4t Sh Bt b (ad ol o Bt G Guf PO G e dnll o G ol

Electricit

Year

195354
1954m55
195556
1656..57
1957-50
195859
195960
196 061
1961w62
196263
196364
1664m65

196566

196667
1967-60
1966m69
196970
1970-71
197172
197273
1973-74
1974.75
187576
187677
1677-78
197079
197600
196 0--01

e o ot $ s ot R e e AR i € i S 5128, 0 it e St s i s

0il

110,03
114,14
112, 45
115, 64
122,40
130, 39
141,05
140,66

163,67

e v o g Mo i s 1y W 1

_(Million Tonnes _of Coal Replacement)

16,40
1690
19637

122,57
25,21

27,76
30,56
336 21
36,76
41,45
45, 04
45,65
51425
54495
55,52
5817
65,97
73,03
7600
6&.20
06, 37
8979

Wl P Gt B D 0 ot Gt Goi e

126,420
130,02
136 ¢ 47
146,97
154450
164461
176473
191-74
197,19
208.07
216,12
229,57
237,72

- 252,57

266 .03
282425
294,05
307401
330406
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TABLE 2.4
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Trends _in Share of Different Enerqy Fomms in

Total Commercial Fnergy Consumption

S D e G G NP Gt et b D) Tovl Bt VS B D PP BNR s BT Gk bk BR0 B G UG P G G G R W B o e DD P B ot o Fesh D U S SO e S et P Pd it o Gt e o W P ok P

percentage share in total commercial energy

/

Year

ok B B PRt e s Bt W S (i B e ed St g b M M (et o B P et et R 4t b s S mn v

1953..54
1954..55
1955..56
1956.,57
195758
1956..59
1855.50
196 Q.61
1961..62
196263
196 3~64
166 455
196 5.-66
196667
196768
1960-69
1966-70
1970-71
1971-72
1972-73
1973-74
197 4-75
1975-76
167677
1977-70
1976-78
197930
1980-01

- P W e S et B

o re

consumntlon

Electr1c1ty

S

Coal 0il
47.75 39,61
45,48 41,12
42,04 44,23
42,60 43,24
43407 42,24
42,26 42429
39,16 43,55
35 « 94 43,35
35 .38 . 43,32
30,497 43,21
37 4 3C 43,23
35.39 - | 44,27
35425 43,96 .
33.03 44,460
33,11 44,56
29,99 46,558
29455 | 46,97
26, 04 : 45,29
25,92 45 . B4
24,36 52,25
26,10 45-72
20423 47 & 30
26.10 45,79
26,76 45,07
26 400 46,20
23,40 47 497
23,45 40,42
23439 49,47

12,64
13440
13473
14,16
14,69
15645
16405
16,70
1730
17,80
19439
20434
204759
21449
22,33
23446
23,48
24,67
24.54
24,03
24410
24,47
26412
27 .37
26,92
20,63
26,13
2714
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2.9 The analysis of the trends_in cnergy
consumption for the five year sub-periods betwecn
1983-~54 to 1970-71 shows that there has been no
dramatic change in the pattern of energy consumption.
The period between 1670-75, however, shouws a
éignificant change in the oil consumstion trend due
to very large increcase in tho price of 6il products,.
In 1572 coal industry was nationalised and this uwas
also cxpected to have mede an impact on the coal
consumption in the coming years., Table 2,6 givas

the year-uise consumptidncf coal; 0il and electriecity
for the period 1970-71 to 1680-81 which reveals that
the pattern of energy consumption has been undergoing
a process of difficult adjustments in response to
changes in the relative prices, scarcifties and levels
of activity in the consuming sectors,

Factors Affecting Enerqy Consumntion

2.10 The incroase or decreass of tutal commsrcial
efergy cohsumption or‘the consump tion of specific
encrgy forms is tho result of a complex set of
factors like the levcl of activity in»the chaergy
consuming secctors, the availabil ity of different
fuels, their ralatiﬁe prices, technological changes
in the sectors, changes in the composition and
guality of outjut in the sector, population growth,
ths dogree of urbanisetion and chemging life « styloes.
In addifian to thﬁse factors which are common to all

developsd countries, in covelening ssuntries like
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TABLE 2

E

Consumption of Commercial Energy 1570-71 to 1980.01

b et e s oo gee e B e e n 0 omp st T s e 0 e B (o s 40 S D M B0l D N Pt B et e 0 e B e b B £ A P ke Ak A S i Vo S T k2 0 S

Year Coal % chaige 0il % chaige Electri.? change
(million over (Million over city over
tonnes) consumption tonnes) consump- (TWH) consump-

of previous tion of tion of
year nrevious " previous

et e e s e e e 8 5 et e o year Lear .

1670-71 51435 14,95 48465

197172 54,14 5.4 15,82 645 51425 5.3

197374 59,91 12,2 17 56 3.0 55452 2.5

1974~75 67,10 12,0 17.30 = 3a5 56417 440

1975.76 70,96 568 17.79 2,6 65,97 13.4

1976~77 7140 0«6 16,83 5.8 73403 1067

1977-70 75,06 642 20406 645 76,00 40

1970679 608,60 - 9,3 21,70 Ge2 84420 1.1

1975.00 71.98 4,6 22,07 - Ba4 06,37 | 2,6

198081 77.40 745 25,18 10,10 0S8.79 4,0



India, the rate of substitution of non-commercial
fuel by commercial energy also affects the quantity
of commercial energy consumad.

2,11 Energy is consumed in the process of
production of goods and services. The consumption
of e¢nergy, therefore, has a close relationship with
the overall grouwth of the economy or the national
income., In India a major portion of the commercial
encrgy is consumed by the Mining and Manufacturing
and Transport sectors. The level of activity in
the Transport sector in turn is greatly dependent
upon prmoduction in the mining and manufacturing
sgctor, A close relationshig betwen the total
chergy consumption and the income generated in the
industrial sector also exist, However, variations
in industrial cnergy consumpticn may be due to
thrce very.separate factors: absslute output changes,
structural changes or energy intensity changes,

Due to indivisibilities in energy-using equipment
such as boilers, reduction in outputs may result in
higher energy coefficients per unit of output, while
increasing ¢nergy consumption has a clear linkagé

with economic progress, an examinatiog of this

rel ationship more closely in the context of economic
dDVGiOpmGﬂt is useful for ovaluating energy resources
devolopment strategies for various energy producing
sectors. A rdugh idea of this rolatiohship.can be

had from the rates of growlh of commercial energy and
the rates of gmuwth of G032 and Value added in industry,
Tablc 2.7 gives those rztuws of grouth in the different

cub-neriods fram 95384 to 1580.81,



Rates.of Growth of Commercial Energy, GDp and
Value Added in Industry 1953.54 to 1980=081

TABLE 2.7

(Average Annual Comgound

— . g o €= qucd 0 e s — -
W et St W . O 0 T G0 B0 PN vt Bt g GO Y Gu S Wt tve P AR G WS G A Yy B PP ) SRS SN Eh G PO S0 I ) T P (0p g DU DD WD S Y

PR s bl

Rates of growth of consump- Rates of
tign of Growth
period Total Commes~ Coal 01l Electri. GDP* Value
cial city Added i
Energy ‘ -.Industr
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ B B Gt B 0 Gt G0 S B Bt Wt s OB iy St P l 4——----.—--..._..‘\
5ho rt-tem
18653-.54 to 60-61 7471 2,00 9412 12,09 3,5 640
%31
1960-61 to 65-66 7476 0.056 12.60 2.7 73
1965-66 tO 70*‘71 6;05 NDQZD ':‘3} 9970 409 352
1970-~71 to 75-76 5,21 6420 3.50 6,30 3.1 3.4
197576 to 80.-81 5,6 8 7.3 6.4 3.4 445
Long-tem
1953.54 to 70~71 7423 3e40 8,62 11¢571  3e8 5.0
1953-—54 tD CO~81 655 3;8 : 704 9Q6 . 396 5¢ 2
1960-61 to 70-71 6 .09 2,43 0,20 1110 367 5e2
1960-61 to 75-76 He 35 3,03 6,01 9,51 3.5 4,6
1960=61 to 00-81 6.1 303 646 847 345 4ol

—.n--—-...-.—‘..a—-.¢...a.4.—-,_._._.—-.—-o~s-._-..,.__......_._..4..-).-—........-—-,....-...._..-.-.-..”-—..-

2,12 The ratcs of increase of total commercial energy sver

the lony run follows the same tren: as thet of GDP as uwell as

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

not noticed in the cifferent sub-n=riods, This is due to

the sharp variations in the Energy-GDp elasticity in the

different periods as would be seen from Table 2,8, However,

the long-tcom energyaﬁop slasticity coefficients show a

remarkahl ¢ stability varying marginally around 1,8 and a

verv lLou BSgudnnn aver time is Q&Hpurnlblb1

333.7916
Si645 Co

el

TH1720




2,13 The 2nergy-GDp clasticity coefficient in India
is high comparcd to devcloped court rius where it i§
lower than unity (Table 2,8 7) dua to gradual increase
in fuel utilisatioﬁ efficiency. In‘India, a part of
tho anparent increase in energy consumption is due to
the substitution of commercial energy For non..
commercial fuels, uhose Qtilisation is not taken into
account in the computation of the energy-GDp elasticity
coefficients, Significantly, howcver, a3 very small

decreasing trend in the elasticity coefficient 1is

noteusrthy.

The International Instituﬁe of Applied Systems
Analysis (IIASRK) at Vienna has computed commercial .
encrgy: GDP elasticities for the period 1950.1575 for
various regions of the world as shown below, Indiats
estimate is alsc included in the table for the purpose

of comparison.
Regiaon Commercial Energy

GDPp Elastigity
North Amcrica D04
CONECON NeC

West Europe
Japan, Australla & Now Asaland CeG4

Latin America 1.21
~Africa, S.E, Asia and South #Asiac .42
Micdle East, North Africa : 1,17
China, Monoolia 1.583
World . 0,87
India 1,35

(1653-78)
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TABLE 2.8

.

Energy-GDp Elasticity Coefficients in India

_....—....—-——---——.—“n--n—on-—"-wwnu-_-——.-—.-w-—mm-——-o-.——-—-.-—-o—-— - goe

period Energy/GDp Elastlclty
Cc.- afflclents

1953-.54 to 156(0~61 1. 98

1860..67 to 156566 2407

19706-71 to 1975-76 1671

1976..76 to 195001 165

195354 to 1970-71 1. 90

185354 to 1975~.76 .80

1953.54 to 1560-01 . 1481

1960-.6% to 1570-71 1605

1960-~61 toc 1975-76 ' 1687

1860-61 to 190001 1.74

TABLE 2. U,
Energy- GDP El“SthltleS in Selsctaed Countries
cSEEEEQ"* Energy DP Elastlmlty Coefficient
| e 1883 80 970 L

1¢ France 0,70

2+ Gemany (FRG) o 073

::‘a U.Kl . O 42

4, UeSoAe ) 0,87

5¢ UsSeSeRa 0,04

J - o B ot 8 s B e B M S5 et a0 B IS Ay (o €70 Gt IS et B0 O g Sl S O D s £ Pd Do BB NS a0 € G 18 e S P (8 S I PN e et ea
-y

Source; Working Group on Energy poliecy 1979
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Ennrgy Consumption and Gross Domestic product:

2,14 There is an accepted link between increasing
encrgy consumption and growing national output,

With the expansion of the industrial base, growing
encrgy consumption is a natural corollarxy. Some of
the recent studics have examined the relationship
between cnergy consumption and national income. The
Lasic conclusion of these studizs is that ftho
higher a nation's income or outyut on the current
inturn~tisnal scale, the higher, in goeneral, its
luvel of energy consumptiony as its CGNp rises over
timég s0 doés its energy consux ,¢izn . in close,
cven if not proportionate, conformityf,

2,15 The relationship bstweon encrgy supnly

and cconomic development of = countny may be more
ar lgss self.evicent bui tine riacings of the recent
réscarch studices are not able to =steblish thoe chain
of ceaysation between these two factors, Encrgy is
rcquired to sunport a growing industrial sector,
Convesrsely, progresse in energy intensive industrial
developmnent will lead to ingreescHd Eﬂurgy’production
and consumption per cepita. Increaesing living
standards lead to increasing eneryy consumption
because of comfort nocds that must be satisfied by
ghergy intcensive devices sucn =@ autamchiles,

apnl ianccs, air conditioning Jtc.



Gross Domestic product at

Factor Cpst of 1570-71 priced

e et e e e et e e Rse_cTOTES) |
Year Value Added in Total
Manufacturing Mining Manufactu. GDp
Total (Regis- & ring and
tered and Quarrcying Mining
unregistered Total .
e ———S8CEQTSY v e
KA NSRS ) YOOI ¢ MUK <) MO €5
195051 1750 132 1062 17536
1951..52 1700 150 1950 17883
1952.53 1650 155 2005 13517
155354 190 157 2130 196380
1556455 2136 164 2300 20233
1655..56 2309 157 2476 203870
165657 2493 177 2670 22013
195 /.50 2505 199 2775 21631
1950-59 2697 185 20562 23465
1959..60 2633 207 3080 23894
1660-61 3135 230 3373 25534
1564-62 3435 v 251 3666 26440
1962.63 " 3771 - 206 4057 . 27003
156364 4000 292 4372 26300
156465 4402 257 4699 30617
1965.66 4456 337 47973 29023
196667 4358 - 347 4745 29307
196768 4477 758 4035 31068
1960668 46758 350 5036 32725
166970 5179 375 5554 34502
1970=71 5223 378 5601 36736
197172 5367 305 5752 37313
197 2-.73 5550 406 5596 36910
1973-74 861 412 6273 35646
197475 6004 4735 6443 308916
1975..76 6120 480 6600 42662
197677 6660 430 7166 42966
1977-706 7100 . 512 7612 46773
19738-79 7661 523 0404 45463
1979..00 7735 . B27 8262 46054
16030=51 7466 546 8412 50526

- ot

Source:

H"m—v—-—'n—'—-w»‘”-—'—-o—on—-ﬂ"‘o—"a—-—-—----.»-——-.-..._.-f-.-.- —

Nétional Accounts Statistics
165051 to 1969-70 Jant?9
1970-71 to 1980-81 Feh!00

e g et S e T At S . 8 o et S ot Gt O
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2.16 It may be difficult to establish caasel
reletionshin but it may be usceful to determmine the
existence of statistical relationship betweenGDP and
unergy consumstiaon, 5
2,17 In order to investigate this hypothesis, data on
Cross Domestic Praduct\(at 1970-71 prices) and total
commercial encrgy consumption from 1953-54 to 1980-81
has been usod, The data for this analysis are
cantained in Tablcs 2.2 and 2,9 @&s the dircection of
ccusation is not established, the following
rclationships were attempted,

&”(a) GDP as a functicn of energy censumption,

(b) Energy consumption as a function of GDP
Both the log-log}and linear forms were computed and
the following cquations obtaineds
Regression relationship — Linear

. E =~ 112.58 + .0087 Y
(.70018) Standaerd srror
T= 47,427
R = 0,55 R Bar Squarz = {.988
2249 DUWS = 1,56

il



(2.40) Standard ermor
R = 0.59 R Bar Squars = 0,908
F = 2249 DUS = 1,56

Rejression relaticonship - Log-log

3. LnE =-13,640 + 1,802 Ln Y
(.048) Standard ermr

R = 3,65 R Bar Squrnrc = 0,58
F = 1414 DUWS = 1,047

Ln Y = 7.620 + 0.545 Ln E
(«014)  Standard error

P
L

T = 37.6
R = D59 R Bar Squarc = 0,58

F = 1414 DWS = 0,908

In the gbove regression equetinng £ is total
encrgy consumption in million tonnes of coal
renslacement and Y is Gross Domestic product

(at 1970~71 nricee) in crores nf Rupecs.



[statistical
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2,16 It is interesting to find that both the
log-log and linear foms have given very good fits,

This is -  ‘identity in two variable casa,

}%

Thus clearly there was a very close correspondence
between GDP and encergy consumption during the time
pericd represented by the data. The correspondence
of this relationship in the developed countries
indicates its continuance througﬁ advanced stages
of dovelopment,

2,15 While cquations (2) and (4) indicate theas
increasing economic activity stimulates greater
cnergy consumption, the cthex two cquations imply
thet in the Indian context, cnergy does matter, that
inadequate supplies of energy can inhibit development,
andg that assurance of an adcquate supply and mix of
enargy inputs cant stimulatc goowth, From time to
time, power shortages heve affected economic
activity in both the industrizl and agricultupral
sectors, Coal shortages have caucud lou utilization
of installed capacitics in major crnal consuming
industries including stesl and themmal power plantsa
Fertilizer production has been adversely affected
meny times by inadequatc energy suphlies. The
contention, fherefore, is that inadequate energy
SUpEliGS can result in lower induatriai proguction

and reduce the rate of eecconomic smwth,



2. 20 In his recent study of 'Energy raesources and
gconomic development in India', Wallace Tyner statgs
that 'uncertainty regarding future adequacy of encrgy
supply could be a daterrsent to both private and pablic
sector investmegnt in activities which are highly
dependont on snergy inputs. Expsctations of eNergy
shortages could certainly lead to raductiom in

investment levels, Similarly, cxpsectations of abundant
gnergy supplies at rcasonabls costs could providg a

stimulus to investment,! Theraf ore, both current
production lIgvgls and invgstmgnt levsls which

rof lect futurg production potential are dependent on
rcliablc ohergy supplies. Adequatc supplies of

gnergy are ah important component, if not pre-requisite,
of sustained pconomic growth.

2.21 The unbalanced growth fremowork developed by
A.0. Hirschman is quitc relgvant to axplain the
enorgy-GOP relationship, Pouer and other forms of
energy fall into the catogory of Hirschman's Social
Dverhead Cépital (SDC). Provision of an adoguate
supply of pouer at reasonable prices can induce
invgstmant in powsr intensive Oirectly Productiosn
Activity (DPA) through what Hirschman calls !'pesrmissive
sequence'., But shortages of pouwer yould cause
production problems and higher costs in the DPA

sgctopr ynich will lead to mors invaestmement .-
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LN gnolyy Sectors through. $Cempu] give gaquanca’
kroausy OPA iﬁ\lestments will tD.(Jmpﬁ_l’ furtheyp.
invgstments in thg ensrgy sector, Hirschman,
howgver, argues that 'there is no doubt that negleact
of public utilities can become a more serious drag on
cconomic pregress .... that there is a minimum SOC/DPA .
cudtput ratic, 1.8, a point whore GPA output can only
be increassd if SOC (i.e, energy) is oxpanded!.
Hirschman's argument has spzcial relevance to india
whors gxpansion of gnergy resotirce developmant can
increass the ratec of gecenomic growth through
maintaining and increasing the productive capacity

of the Indian sconomy,

Engrgy Consumption and Sgoctoral GO

2.22 The statistical regression of gnorgy consumption
(31o0bal as uell as sectoral) on tha antivity levels of
the sconomy as a whole and on the sectoral 19&81 was
attempted., Somg rosults;bﬁ gl~bal recression

analysis are indicated above, Other rsesults of
rogression analysis of gnergy consumption and

sactoral activity in thg mining and manuf acturing

sactor are sct out in Annexurs..1 and Annoxura-II,



tommgreliar Enexgy fomsumpition in ihe Industry Sector

Tyends and pattcrn in the Encrgy Lonsumption

3,1 The manufacturning secvtor 3s the 8ingle largest
user of commercial gnergy in India, Over the last
thirty years, consumption cf electricity in manufacturing
and mining has grown arcund 5,3 per cent per annum

an: that of oil and coal by 4,71 per cent and 6,0 per
cent rtespectively. Overall energy consumption grew at
an «r.oval growth rate of 6.0 per cent during 1953-0Q0 as
comp ~tad &0 5.7 per cent increasa in value-added in
manuionturing and mining sector. However, the growth
in anurgy.consumption appears to have slowed douwn
during the last once and a half decade., Table 3.5
gives the retes of growth of consumption both short-
term and long-term of commercial energy in the
industry scctor, As against 12 per cent and 6.6 per
cent grouth registered respectively LY clectricity
‘and oil during 1953-7C, the gmuwth rate of electricity
during 1970-00 was around 5 per cent and that of oil
nearly zero per cent, Houwcver, the consumptién of
coal recorded a grouth af 13,3 per cent during

167075 and 5.6 per cent in the next gquinguennium,

The relative contribution of the different sources»

of energy to the development of manufacturing

sactor can be gauged from the trends and pattemn

of thair consumption depicted in Tables 3.1 to 3,4,

......
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TASLE 3,71
Commercial Energy Cousurptinn by Mining & Manufacturing

. e e Bt OBy LRI IR

Year

St ol T R Gk 4 oy s ey e P om0 R bt S M ot et e BT Ve Wt e A

195354
1954.55
1955..56
1956457
1957-568

18583..59
1655..60
196 (w61
186162
1862..6 73

1663.64
186465
196566
1866..6"
18676 .

186369
196870
1970~71
197172
197273

167374
1974..75
197576
197677

197776
1978.79
1879-80
1950-81

o O B P b 8 o B LT i S gt

sourcess Fuel policy Commi

———————

(Million Tonnes of

1 Sar) L G G o et Pt WD B 11wt SR

Coal

13,80
13,80
13, 30
13440
16,60

17260
16,80
20,9590
24,20
26,00

27,00
27 « 20
";Oe 1 O-
50640
43,00

31. 80
35,34
37406
43,05

42,47
42,73
55,81

60455
60,81
66,35

Yorking Group on

issues of Genera

[E TN

RSy R

- b e ot e et T i it ottt P

ttee Report 1965 (Thro! 1
Energy Policy 1979; and various
1 Revieuw of public Electricity

Cil

3,65
4y24
4,70
5,056
5,54

5,95
6o44
7423
7,69
5433
€. 56
r{: Y } 5
6,09
9, 05
5,85
106 35
G536

10, 90
8.50

o ot

Geb4

9.53
9,61
9.63
10.00

9.78
10,00
1071
10.81

wal Replacement)

13 AR e S O e e (D GO g Crvl €0 e e et

Electrioitx

i T R T e i

5,00
5,60
6430
7e70
8,80
106 30
11060
14,46
16,50

19413
20,92
22,62
24438
26479

29493
32, 34
34435
41449
37,58

37.92
'38.489
43435
48,12

49,39
53,90
53,26
55,58

F S e e T

D0 e - S ot o

e lotal
224,45
23,64
244 30
25,435
2584

32,35
33,54
39473
464 35
53,83

52,69
55, 27
60e 81
634 84
69,64

72622
7704
76,32
87605
SQ0e 27

80432
90.83
103464
113493

120.44
124,45
124,78
132,78

i e b e o . 2 T

970-71)

Supply; All India aAnnual Coal Stastics; and
Indian petroleum and petro~chemicals Statistics.

cohsumn )
paper, brick industriese.

2. Figures for 0il
0il, LSHS/HHS,

manu facturing processs

Note: Coal consumption in mining and manufacturing

y tion of steel plants, cement, cotton,

includes
jute,

are estimated consumption of Furnace
LpG and small guantity of HSD used in
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TABLZ

Trends in Share of

2.2

Manufepcturing Ssusor .
_ 7DeTreﬂtagw share 1n tofal

qur

- - L ] A R s "JC‘ .—3‘ R TR T LRt -2 rOil
1953 .54 51e47 16, 20
1954..55 58, 38 17, 94
1655..56 54,73 19,34
1656..57 52,80 - 15,92
1967. .58 55,63 18,57
1655..5L0 59, 09 15420
1660.-5 | 57,61 18.20
1664 .62 52,21 16,59
186267 3%.0% 17 5 33
18563..64 51,24 12445
1664..55 49,21 12,94
1965.66 49,50 13+ 30
196667 ' 48,00 14.00
1667508 47439 14,14
186858 44,17 14,39
1965-~70 45,87 12415
197071 40471 14,20
197172 42,57 S,76
167 2-73 47,69 10468
197 3=74 47402 10,95
197576 48,88 9.29
18977-7G 50467 8,12
197679 48462 6.04
1979-60 48,78 0e50
1560~81 50.00 8e14

Al o S o e o S PR & 6 S e e g S 2

Diff erent Forms in
Commercial Energy Comsumptson by Mining

PR
oa
™

Electrlclty

224 27
23,68

25,93

27,22
25480
2720

30671
25,20
31, 20

30,65
36,431
37,85

37420
38400
38,47

41,44
41,98
45, 01

47,66
41,63
41,90

42,38
41,83
424 24

41.01
43,31
42,68
41,86

:erov cunaumed)
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TABLE 3.3

e

Consumption of Cusun-rcial Snemoy in Manufacturing
& Mining o (rbor)

wa2riantane cheigs "ve. oL fatian of rrevipus year

‘4
[ LTI ) e e

Yaar S04l Gl Electrzicity Total
155354 . - co .o
1054, BE . 16,16 12,00 5, 30
1955..5€ Te 60 10,65 12450 2479
1956..57 (e 75 7,45 9,52 4y 32
155750 VAPRIY 9:70 11,59 17.71%
145050 G, 0. VAT 14,29 Bed1
145560 4,55 3. 74 17,05 3. 68
fern 6 94, 40 12,77 12,62 18,46
602 15,7 6,35 26, 66 16 , 66
1253 1250 21,733 14611 16,14
135 3..54 - 3,587 29,69 15,94 - 2,12
1964..65 .74 8499 8,436 4,90
156 566 1066 13.15 Be13 10, 02
196567 1.00 11459 7478 4,98
196768 0,55 Be72 9,89 9.09
156069 - 3433 5,46 Me72 3470
196 6-70 10.78 = 5,51 §.05 6,67
197071 - 12,08 16 .45 6.22 99,07
1971-72 19,20 «22,02 20,78 14,06
1972.73 13441 - 9,42 3«70

197 3.74
1974.75
1975-76
197677

187778
1870~79
197580
16800

e . . e i et b Bt P o Tt g e e BN O Bt i 0 S

16416

- 1435
0.61
18,456
10617

S.78
- 1.18
043
9,10

3401
- 3,22
0, 21
3,84

2420
2,25

7.0

0.593

0. 06
0«56
14,10
9,93

571
3633
027
11.04
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Energy Consumpticn i Mining & Mgnhufacturing as
¢ percentage of Total (omsumpiion 1r the Economy
Yeseo..ofesho DML ioauiciciny o Total
19534 46,00 15.3 65.79 37 .35
1954..45 a4l 4z 16, 4% 66,67 37:32
1655..5,5 46,186 15.5% - 67,02 35, 47
1956..57 43,65 16621 67,65 35,18
1957.. 5S¢ 47,96 16,33 65,25 37,15
185C..55 4i;675 16,47 56,87 37867
19600 1 51.%75 16. 44 63,54 39,27
1961..62 54, 8% 15, U5 74,65 31,39
166 2.5 3 57.03 P 73s 11 42,65
1987, 55,55 11,67 75.88 40452
1564..55 56,73 11,84 75, %6 4050
166 5..05 5G, 11 “ 752 74,02 21,38
1966..57 g.13 13,172 73,41 41430
196760 60, 35 13,43 72,88 42,31
196659 60,19 12,63 72,18 40,86
187 071 60,51 11,422 7061 38,70
1971-72 66 .45 B, 21 80, 96 41,68
1972-73 81.01 8,70 60,40 41,439
1973-74 70609 8,70 68,30 3934
157 4w75 63,66 8,55 66,17 38,421
1975.76 71635 Be 33 65,71 41,03
197677 78417 817 65,69 42470
197770 80677 7,50 64,99 42,67
1076.79 86,01 7.09 64,0 42,32

19680~01 £5.,78 6,60 51,90 40.13

. et e 4w e ! i 6 S8 AN e g SV T a2 T e T e an T S e . -

Note: Coal consumption in the economy excludes use of coal
for colliery 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 the consumption 3-
pattern of industrial sector and establish the basis
for projection because of the diverse industrial
activities requiring different levels of energy
consumption per unit output (norms); and because.of
gualitative and quantitative changes taking place iﬁ
various sub-sectors of the industry sector., Manufacturing
sector consists of tuo distimct parts one referred to

as the registered sector consisting of factories
registered under the Factories Act and the other the
unregistered sector. The unregistered sector includes
not only unregistered industrial establishments but

also a very large number of household industries uwhoss
total number has been reported ss 2,2 millions in the
1571-census, The unregistered sector is a very
important contributor to the total industrial production
and contributes over one~third of the total value-added
in industries. Though a major portion of the commercial'
chergy apnears to be consumed in tha registered units,
the unregistered sector also consumes significant
gquantities of commerciel cnergy. Houwever, the
unregistered scotor is relatively less energy intensive
as it depends on large quantities of non-commercial
fuels, animal power and human labour for perfomi.ng
task which in the registered scctor migH involve the

van of comaaercial fuels.



Tade 3,5: Rates of Gmuwth of Consumption of :
Commarcial Energy in Industries Sector

(Average annual Compound %)

period Rate of Rate of grouwth per year
Growth of __caonsumpticn _
Value added Commer- Coal Q0il Electricity
in indus-~ cial
tries seetor Energy

(at 1970-71

_g_rices)
Sho rtt em
1953. 60 6.0 £.5 6.1 1042 12,8
1960 55 7.3 88 746 2.3 14,3
1965.74 3,2 4.0 0.5 642 847
1970-.75 3.4 6.4 10,3 - 2.5 448
157580 4.9 5.0 5,6 243 5.1
LonG.term
1653-70 5,8 7.5 4,9 €46 12,0
155375 5,3 7.2 6,1 4,5 10,3
1983-00 5.2 6.0 6,0 4,1 S5e3
156070 5e2 6,7 41 4e2 1165
1560-75 4,6 6,6 €1 1.9 9,2
166030 4,7 6.2 6.0 2.0 8.1

s % e B S s e e T = b e b A N 7  Sep e s T et OO P -

‘Energy: GDP Elasticity Coefficients for the
Industrial Sector

3.3 Energys GDP Co-efficients are estimated to
indicate how much energy would be reqdired For'
effecting a 1 per cent changs in GDp. Lower the
ca-effiecients, more efficient the energy use in the

sectoTe
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Table below gives fuel-uide energy: GDp elasticity
coefficient with reference to commercial snergy
consumntion in the industries sector and the sectoral

B T I gy > P v G T P W v b 2D B G S G WY P Gl ey S TN G 4D RS WS T W B U e et Tt P W . Ve Pt D P QLD P AP Gut SeS G Sae Yk g W et

Table; 3.6,1; GOp Elasticity Coefficients®* for the
Industrial Sector (w.r.t, sectoral
energy consumption and GOP)

Coal  _0il Electricity Gross Energy

1652..54 to 1960-61 0,927 1440 1.93 1626
1682.54 to 1970“‘71 1.092 0995 2.03 1037
1953..5% to 1900-81 1,212 0. 60 1.056 1¢36
19r,' £2 to 1970-’71 00734 8@7’3 44:6 1-26
165G £2 to 1660-061 14273 0436 162 1430
1671.72 to 1960-01 1.343 0,37 1,00 1.06
1673.74 to 1980-81 1.250 0,27 1419 1.15

*derived from log-log rogression relationship

between fuel and value-~addede.

3.4 - From the table it apnears that the long-run

total commercial energy: GDP coefficient has relétively
romained - stable. However, the commercial energy:
GDp elasticity coefficient which was 1,26 for the
neriod 1961-62 to 157071 went up to 1.30 in the next
decade. Elasticity coefficicnts of indivicual fuels
have shown wide variatisns. Coal coefficient, however,
has gencrally gone up. OFf particular irterest are the
‘coefficients for the period 1973-74 td 1500-01 after
the irt ernational o0il price increase. The cocefficient

has gone down in the case of oil in particular,
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Intensity of Energy Uses

3.5 The intensity of energy use, defined as the ratio
of the guantity of total commercial energy used per unit
of valuas-added in the industry sector has been steadily
ingreasing over time, The total commercial'energy
consumed in mtcr per fse 100 crores of value-added (1970-71

pricesy in manufacturing and mining was as given belous

1553-54 1.05
1960-61 1,10
1970-71 1436
156061 1586
3,6 an examination of fuel-wisc ensrgy intensitides,

carried uUt in detail in Chaster 5 (Table 5,1) indieates
that ‘he increase in glectricity C:DY‘ISIJ('!pthn is the main
reason for the risc in the intensity of energy |
consumstion although the rate of growth of intensity
of elcetricity consumption has been steadily declining
(Tahle 3.6,2). On the other hand ths combined intensity
of coal and oil have shown greater stability. Ceal L
is used for providing heat end to raise steam in the
industrics sector and cant bs sukzkituted by fuel oil of
roughly half the weight of coal iseds The Wnrking
Group on energy policy analysed the reasons for thg
stability of oil and coal intensities, It stated:
"Excezt in the case of sugar, the cther industries
sgom to be gradually switching to the use of
commarcial fuels. Such shifts would ircrease
the intensity of coal and oil use, 0On the other
hand, there is a gradual replacement of the old
boilers of low efficiency by more energy efficient
equipment and.this would decrease the intensity

of snergy use, These tuo factors seem to have
led to cn apnarcnt stebility®,



1)

2)

3)

4

Table 3,6,2: Intensity of Elzciricity Consumption
: in_Industries_

156061 1565-66 1970-71 1575-.76 1580-81

Value added in

1ndUStry

(hss 100 crores

at 1.70-71

pricss) 33,73 47,53 56,01 66,00 04,12
£l -7 oicity

conele. od {TWH) 11.60 22,62 34,35 43,35 554,50
Inteﬁsity of

auL;:' C‘lty

Consumation T
{VU /L\u.\!.ﬂ) O 34 0047 0961 0'66 : 0'66

R-Lz of increase
in intensity AR - :
per ysarl , : - 5.6 _ 5.4 166 . nil

— . Tt s o e St Bt . Bt B B i 8 G B 0% e P (9 it S S e § § P’ G i o 4 g o e f e T RS e e e S s Y o o e it

Inﬂustrlal Structure anh:s Energy Censumption

3.7 Industrial structure here refers not only to

thu QquUut mix of total industrial outsut, but also

to tha le of fuel consumed, Industrial energy
consumption is a function, irt er =zlia, of the structure
ef wutput. Here wo look ét our structure of
industrial output and its implications for industrial
encrgy.demands. & comparison is also made with threc
bther developing count ries namely Brazil, Korea and
Kenya, Table 3,643 presents structure of their

gconomiegs.
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Tdble 3.6,3: Structure of Economies of Four

Davelqa;no Countriecs

1577 GDp per percent of 1977 Rate of
canita 1677 GDp indust rial industrial
(1977 US §) by industry GDp in, Growth .
( millions (1876-77)
(1877 _Us §)
Brazil 1,410 26 42,609 11
India 160 10% 16,000% 5
Kenya 290 13 560 1]
Korea 98¢0 30 10,546 23
* = for 1576
Sodwcs: World Bank, Atlas; world Bank data sarvices
and UN, Statlstlcal Year Book
Tﬂl =3 3 E.41 Rate of Growth of Industrial Energy Demand
percentago Ratc of Indust rial Energy
of total growth of  Consumption/
energy industrial Jndustrial Output Ratio
consumed gnergy 1967 1976
by the demand -(t oe $ millign 1977 outpu
industrial  (1967-76)
soctor, ()
Brazil 24 10 804 612
India 34 7 2,367 2,560
Kenya % 16 391 371
Ko reca@ 35 20 7381 693
Sources; Intzrnational Energy Agency (paris, O0ECD, 1979);

u. N Year Book of Industrial Rtagtistics

* Manufacturlng Sector onLy
@ Data for 156674
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3.0 & momparison of the structural trends reveals
thet Indiz' industial output has groun only slowly but
its requisite energy inputs were much higher compared
to Brazil, Kenya and Korea, The industrial structure of
Indla is characterized by a wide range of activitics,
The basic pattermn of strUCturél change, starting in the
1950s and sentinuing ink¢ the 19708 and 1900s, was an
inets zing role for capital goods industries. The share
of 1-~  ocnergy intensive industries is quite high and

som- 27 the energy intensive industries like basic

incuenrial chemicals, phamacenticals; piner and paper

aoedis s have been more dynamic,

3.5 'As noted earlier, Incla’s industrial energy
consumption is extremely Large, eenccially considering the
relatively small role of industry in overall economic

activity., Also, the Indian incustztag enurgy vequiremsibtg
par dollar of output are far larger than those of the

other three countries, One important explanation for
this high inddsﬁrial energy demand would appear to centre
on the fuel composition of industrial energy demand,
Sincc India has abundant coal resources most industries
developead by utilizing coal as their enefgy SOUTCEHe
However, coal is generally used in less efficient
induStrial'boiiers. Secondly enomous amounts of energy
Qéad.ih industry are disczrded os wzste heat and the

efficicncy of energy use in the technical s8nse has

been of limited conearn to the industries,
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3:10 Tws othaer factors might also have resulted in
the abparently high industrial energy output r,tios in
India, First, heavy energy-intensive industries comprise
the bulk of industrial output, Sscond, some degree of
diseconomics of scale in energy usage in large number of
small and old establishments, The question of efficiency
in crergy utilization has, however, bedn examined‘in
dat=11 in chapter 5, Here it may be suffice to say that
the i~ orctant mle of coal and the development of heavy
in-: v les explain most of Indie’s high industrial energy

cons.iiption,

Enrsvyy Intensities ~ Historical Trends
311 Some of the industries consume large quantities

of energy per unit of value addec, For example
sansumption of~coal per unit of value added contributed
by stesl industry is very high compared to the retio for
other industries. An attempt has been made to study the

long-tem historical trends in commercial energy
large
consumption and value~added by selecte. £ Energy
Consuming (LEC) industrics, These include textiles,
Fertilizers, inorganic heavy chewicals, non-ferroua

basic mctals, Iron and Stesl, re“ractories, paper and

naper board and cement, Th2 analysis 1s based upon the

energy consumption data reportoed in the census of
Manufacturing Industries (NI} from 1946 to 1550 and
from Annual ‘Survey of Industrizs (census sector) from

1659 onuards.' The ASIL series .s available upto 1973-74,
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It mey be statel here that a detziled classification
change was wmade when the A}S;I; series uwas started in
1689 and again in 1573-74 when NIC classification was
int rorinoede Due to sewapal classification shanges in the
available CMI a&nd ASIseries it has been possible to
construct comparables energy consumption series for only

sclected few LEC Industriess. Under each industry, the

tct . noal, petroleum, fuels; electricity eonsumed by that
ind - oy is shoun separately, HowevelR, under petroleum-
fuel :, the consumption- of furpance oil; HSDO, LDO etc.,
is ¢iven collectively under one head as 'petrmoleum fuels!,
furtrcr, the C.M,I}, R;SEI} does not differentiate
bezween consumption in industry-ouned transport or power
generation units and thet in the manufacturing process
except that the consumption of motorm.spirit. is given
separately in the latest ASI seriess Results of the

industry~uwise consumption suries thus will have to be

interpreted with these limitations in view.

3412 Textile Incdustry ¢ . The consumption of all the fomms

of commercial energy have increased during the period
1946-1973 (Table 3.7). Houwever, elcctricity consumption
increased five~fold by 1573 as compared to 1946,
Textiles arc not by themsglves highdy energy intensive,
The energy consumed by Textiles is high due to the high
volume of production, Energy intensities have, houwever,
remained fairly stable in the textile industry
particula rly after 1556, Tables 3.0.1 to 3.0.6
indicate the recent trends in consumption of refined

setroloum products, roal and slectricity,



- Irands in Energy wnsumpaton in Selected Large
Energy Consuming Industries (ASI-(CENSUS SECTOR)

I, TEXTILE INDUSTRY 1946 1951 1956 1973
Coal (million tonnes) 184 1.83 2.00 2,38
0il (mter) 0. 32 0.4Q 0.42 1. 02

RksElectricity (billion Kuh) 0.93 1,27 1,98 4,65
Gross Energy Use (mtcr) 3.09 3,50 4.40 8.05
Value Added (million gs.) 3566 3433 3865 7289

(at 1770~71 prices)

Gruse trargy use per
thotzand s, Value added

(Tanzﬂ’:housand Rupees) 0,87 .02 111 1.10
11, FERT. 1.7:R_INDUSTRY 1961 1965 1973
Coel (million tonnes) 4 0. 38 0.42 0.73
gil ;:"tlcr} -« 03 0. 026 0640
Electricity (bililion kuwh) 0.59 1476 2,07
Gro=s Energy Use (mtcr) 1.08 2¢ 21 3¢ 20
VaLue Added (million Rs.) 98 132 459
{at 1970-71 prices) .
Gross Energy Use per 10,20 16.74 6497

thousand Rs. Value Added
(Tonne/thousand Rupees)

b v . s et it B ot B s e S GNP B B oy P G PG B e S et D Ft Bt P b s e o et G 4 AR e e £ e ) e+ g o VTR o o e i > e ok W kbt et e St ok

I1I. INORGANIC HEAUY‘CHEMIBALS 1961 1965 197 3.7
Coal (million tonnesj 80,29 0.29 0. 30
0il (mtor) - 0,20 0. 22 0. 40
Electricity (billion kuh) 0. 36 c. 68 0.89
Gross Energy Use (mtecr) , . 75 1,19 1.59
Value Added (million Rs.) 20 226 378

(at 1970-71 prices)

Gross Energy Use per
thousand fs. Value Added
(tonne/thousand Rupees) 6,25 .27 4,21

o et Sy B Pt e S A et Wk $e oase P o ek ot ey i B8 s Bh PR Bt i ok B o W Y . B s
. e At P PAE Bt B s e, e s T o} P A St S el S o Pt ah el
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1V, PAPER & PAPER BOARD

o T - S s - B a pun o WO W S M B D G P P D G P S st PVt et oh o St s S e o sk o van o o it A S e s it ey e’ S S v o S v et ot 400 b

A
1946
Coal (million
tonnes) 0. 35
0il (mtcr) 0. 004
Electricity
(billion kuwh) De 04
Gross Energy Use
(mtecr) 0. 394
Value Added
(1.‘*llion Rs.) 62
(et 1970-71 prices)
~7oes Energy Use
pas shousand Rs,
Value Added (tonne/
thousand RUpeeS) 6,35
Y, NOw_FERROUS BASIC METALS
N 1946

Coal (million tonnes) 0.12

0il (mtcr)
‘Electricity

(billion kuh)

Gro'ss Energy Use
{mtcr)

Value Added

{million Rse)

(at 1970-71 prices)
Gross Energy use per

thous and Rss Value
Added (tonne/.

0,018

J.008

0.15

306

thousand Rupees) — D.49

L : — R e e e R T - -
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e

1951 1956 1961 1973
0. 45 0. 67 1¢15 1,47
0,006 7.012 0.04 0.28
0,05 0,12 0.34 0,88
0, 508 L802 1,53 2,63

93 154 226 688
5,44 5,21 6.77 3482
1561 1956 1961 1966
0:042 0,040 0,06 0.14
0. 02 0,14 0.47 1.96
0.19 0.32 0,67 2419
145 307 355 548
1,31 1.04 1472  4.00
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VI, INON & STEEL INDUSTRY

(at current prices)

1966  4973.74

5,57 5,76
00 36 0' 86
174  3.11
7.67 9,73
1624 3086
4472 3415
1966 1973
2,99  3.86
0.50 0,38
0.87 1433
4.36 5.57

383,15 274,27

11.38 20,31

197374
0s 13
0. 08
0.03
0.24

1946 1951 1856 1961
Coal (million 2,66 3.60 2,60 3,78
tonnes)

0il (thr) 0. 004 00010 00024 0018
Electricity

(billion kuwh) 0. 09 0,14 0. 38 0.80
Gross Energy Usse

(mtcr) 2,75 3,75 3,00 4,76
Value Added

million mo) 638 805 1854 883

at 1¢70.71 prices)

Gross ¢ 209y Use per

thousc.i pse Value

Added {.:ne/

thouszr¢ Puaeps) 4o 31 4,66 2,85 5.39
VII. CEASNT_INDUSTRY

1646 1957 1956 1961

Coal (13%mtor)  0.35 1,02  1.67  2.64
0il 1&mter) .o 0,02 0,04
Eloctr101ty ‘
109 (mter) Ue 03 0. 10 De 21 0, 46
Gross Energy Use

(ymter) 0. 38 1.12 1490 3.74
Value Added 106 Ru4G44 157,55 223,82 234,38
(at 1971-71 prices
‘Gross Energy Use

per thousand Rs.

Value Addzd- L
(Tonne/thousands) 8,18 7.1 8449 13 40
VIII. REFRACTORIES 1961 1966
Coal (million tonnes) 0,18 Ca 20
gil (mter) 0, 032 M. 04
"Electricity (billion kuwh) 0. 02 0. 03
Gross Energy Use (mtcr) 00214 06 27

lu dded {(million Rse
R ( ) 4a 42

- ———— o o g Pt oo Bt s St otk ey et S Bt b ok S et Y gy S
: - - Gt o g T e B i D s 0 Sl o T s e U G N s et G e P By Ay - (el -
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313 Fertilizers Industry : Gross Energy use in the fertilizers

industry bas steadily increased since 1961, The &SI
serigs indicate graateerGlaﬁility in the enexgy intensity
of furtilizers infustry which could be due to several
factors including variations in capacity utilisation,
wasteful usc of anergy due to power-cuts end load shedding
etc. Table 3.0+1, which give® the consunption of

peh vumeonergy by industries, 1ndicates that the

cons. ;iion of furnace oil has incressed from 52 thousand
toro. .. in 1967 to 1306 thousand tonnes in 1501-02,
3,14  In, . .--.ic Heavy Chemigals ¢ Inorganic heavy shemicals

wh:.: include caustic soda, soda-ash, calcium carbide,
catt. 1 black, titanium-dioxide and other chemicals like
aluminium fluorfide, calcium cerlunate, shosphorous etc.
are fally energy intensive, Their gross energy>USe has
doubled during 1561-1973, However, the energy intensity
has declined due to improvements in energy efﬁiciency.
Enecrgy constitutes an important segment of thelr operating
cost and is an important detemminant factor of the
oporational viability af the cheﬁicals induStry; Energy

has thus become an important paremeter for choosing
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Lonsumption of petroleum Energy by Industries

Furnace oil including LSHS/HHS/TDO
- (Thousand Tonnes} '

Industry

1967 1970 1973 1974 1975 1976
JIron and Steel 267 311 439 440 324 482
Textilas 504 580 650 560 5380 585
Comelt 200 128 204 141 74 43
Cerarnics & Blass 100 155 218 208 171 179
Chem: .8 341 453 795 715 796 778
Al o, La 50 91 110 96 118 141
Sug- 18 39 59 52 46 52
Mir.. ., & Quarrying 75 45 3% 125 181 201
Enginusring . 77 318 361 320 295 217
fertilizers - 52 59 266 289 386 4736

Total Industry 1663 2261 313C 2945 2948 3174

Totzl consumption 3743 4651 5932 5705 5004 ‘5651

(all scctors
% to Grabd Totale 45423 40,61 52090 51,68 50.79 56.09




1977  1978=79 1975-80 4900~81 190182

Imon & Steel 471 616 431 417 591
Textiles 523 483 439 614 500
Cement 30 B2 154 166 55
Ceramics & Glass 153 134 185 224 101
Chemicals 798 703 611 1040 990
Aluminium 122 121 122 113 S8
Sunar 48 42 41 37 26
Minito & Quarrcying 175 226 260 275 131
Eny’ . sring 2256 179 250 155 210
Fe ~: . ~zers 546 770 755 G70 1306
Tet -2 _ndustry 3104 3328 3447 4056 4192

To i '_:gnsumption 5045 56606 70061 7474 7184
(&i1 &uzotdbrs) .

Incus-oy % to
totrl consumption 53,11 45,51 480 .6¢C 54,27 58,35

Note: Seperate figurcs for LSHS/HHS are availahle
since 1578-75

Source: petmlcum & Petro~chermicels statistifs.
varinus lssues.
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Table 3,8.2: Trends in Consumption of Peatroleum
Energy by Industry Ssctor (LPG,
HSOO and LDD)

(Thousand Tonnes)

1967 1970 1980-81 1981-82

LPG 14,4 30.0 57 51
HSD O 106,.0 119.0 618 651
1ng 78,0 87.0 202 208

Trends in Consumption of Petroleum
Enerqy in the Fconomy

(Thousand Tonnes)

NELNS 1270 1980=81 1981-82

Lpt 7% 166 405 492

SN 2765 3736 10345 10832

iDL 849 1047 1122 1036
Share of Industry in Total Consumption
of Petroleum Engroy (Percentages)

4867 1970 1980-81 198182

LPG 19,46  18.07 14,07 10, 37

HSD O 3,81 3.19 5,97 6,01

IDO 9,19 8.31 18.00 20,08

Source: Indian Pgtroleum & Petro-.chemical Statistics
~ Various Issues

Note: Industry sector includes Iron & Steel, Textiles,
Cement, Ceramics & Glass, Chemicals X& allied,
Aluminium, Sugar, Mining & Quarrying, Enginerring
and Fartilizers.
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Tabla 3,8.3

.
o™

Scctoral Consumption Patturn of Coal in India (1%258-51 to 1882-83)

(million tonnas)

Major sector/industry 1950~51 1860-81 1970-71 1974~75 1975-76 19767

Railuays

Powaor stations
Iron and Steel
Cemant

Brick
Cotton Taxtiles
Jutso

Papor
Domaestic Soft Cokc
Other Industrics

Colliary Consumpticr: .

I R b L e T N TUUR

8

15 .7
602

N O

L

3 _a

8
4
]
o0
.3
0.0
2e
13,09
2.53

15 .34
10, i
13,53
6,63%

19.99

14,14
20,34
15,92

4,36

1440
2.08
0.19

1 .40
4.02
19,75
2.67 .

14,38 13417
23,84 2%485

4,44 4.97
3,34 4,33
2423 2441
0.21 0,18

1426 1,75
3.63 4,02
17,52 18,54
2.78 3,29

- —— o, — St g St . . T e e Tt ot a5 g W o T ey ot e g —
e - o - > i e -y — - — T e 6 e Yy Py e e oy B

Major Scctor/Industry  13877-78

Railuays
Powyer Stations
Iron & Steoel

Comant

Brick

Cotton Teoxtilcs
Juts

- Papear

Domustic Soft Cokeo
Othor Industrios
Collicry Consumption

12.93
25,65
21.54

4‘73
3,28
2,50
0.21

1.88
3'54
23.81
3432

1978-79 1979-80 1980-81 1981-82 19828

12413
24 .80
20,26

4.88
1,562
2434
0.16

1.72

2,68
26,23
3440

11.36
20.0%
19.85

3.87
0.54@
1,99
0.14

1.54
3.38
29,31
3,57

11 .81
28,15
21.01

4,75
0.44@
14597
0.13

2.14
3,05
+ 32.10
3,85

— A S P oy S BOY s TP T BB WY WA o WD g b B s i P VP e G WO s s P oy e T T o n e TS e M98 ® ey b e e P e o e s o et e S

® inclugos'consunption by drick industry
@ supply by rail only

Noto 1s Scparatu figurgs for somec of tho industries for semo
yoars arc not availablc,

11.26 10,99
444,42 49,45
22.28  22.39

5.72 6,14

0.66 -
2437 o
04,17 -
2.46 -
3.09 -
24.51 35,83
4009 - v'

'2s Figures of coal consumption for powsr stations for
1981~82 & 1982-83 arc pvowisional,

3. Figuras of coal consumption for powur stations excludos
middlings (eoal with high ash, content left aftor
washing but usable for power and cartain other purposes,)

4, Totel availebility of coal for industrial consumption,
after adjustment of off take, is couel to production 'plus
minus exports plus changus in pithoad and -industrial

Impcrts
stocks,

Data Sourcaos:

...

1950-51 to 1970-71 Encrgy Peolicy for India by
R,E. Fachauri ' S
All India Ccal Statistirs, various issugs,
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Table 3.B8.4: Consumption of Elcctricity in
Soclocted Industrics

Consumptizn as % of total pouwer
consumption by industrics

Catogory 1969 1979-80

Aluminium (Primary) 9.35 10.13
Cemant (Primary) 4,38 4,75

Chemicals 5.39 1372
Fortilizors 10.47 11,66
Iron & Stcel (Primary) 10.02 12,17
Papor 2,97 4,43
Toxtiles 10.94 - 15.73

o - et Aty e T ¢ e e e 1ot ey ot S g o e s PP A P o s et e e ——
¢y — — — - - — — —— — e e s e

Sourcc: Gonheral Revigy
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Table 3,8.5: Prograoss_in Powar Consumption

(Mkuh)

Total Total Electri- Non- Total

Encrgy Poyer city Utili

Sold Consumad salas as tiss

(Utilities) (Utilities indus- gonora-

+Non. trial tion
Utilities) powsr by
utilitics

1951 = 4793 6415
1852 5006 6687
4953 5597 8012
1954 6251 8165
1955 7111 9137
1956~57 7959 10151
1857.58 9345 11692
1958-59 10718 13058
1959~60 12407 14940
1960-61 13840 16574
1961-62 16448 19488
196263 18670 22085
1896364 21784 25830
186465 24219 27964
1865 -66 26735 - 30568
196667 29128 33188
1967-~68 32737 36855
1968-69 37352 41098
1969-70 41062 45114
1970-~71 437724 48534 29558 5384 34842
1971~-72 47063 52305 31626 .
1972~73 49088 54398 32250 .
1897 3~74 50246 56202 32458 6107 38566
1974-75 52632 58251 32684 6488 39172
1975-76 60246 66022 37569 6695 44264
197677 66609 73025 41610 7240 48850
1877-78 £9255 76814 42365 71559 50194
187879 77293 84900 47728 7573 55301
1979-.80 78084 B7277 45955 8157 541192
18680--81 82367 90772 . 4B069 B405 56474
1981""82 . o .o LN 8600 e 8
1982-83 95917 53522

1. Total pcunr consumption = Powor sold by utilitics
(exculuding enorgy used in power station auxiliarios)
~plus total goneral by caeptive plants,

Pocwer consumption by Industrial Scctor refers to
totel powocr sold as industrial powar by utilitics
plus Non—utilities gencoration by industrial units
(exduding railuways) minus ancrgy uscd in station
auxiliarics = Not anorgy consumod,



Tabls 3.8.6: Coal Production in India (1950-1982)

Coking plus Non-goking coal (Excl, Lignita)
(millicn tcnnos)

Producticn Yuar Production
1950 32.8 1967-68 68.52
1951 34443 1968-69 71041
1957 36,30 1969-70 75 .71
19573 35,98 197071 72495
1954 36,88 1971-72 72.06
19555 € 39,00 1972-73 76.87
195 6-57 40.94 197374 78420
1957-58 ! 44,81 197475 88,41
1958-59 46,68 197576 99,68
195 9--63 48,59 1976~77 101.04
1960 ~61 53,80 197778 100,97
196162 55,18 1978-79 101,95
1962~63 63 .45 1979-80 103,95
1963-64 6513 1980-81 114,01
1964 - 65 62,78 1981-82(P) 124 .23
196566 67,80 1982-83(P) 130,61
1966-67 68,56 1983-84(9) 134,89

Lt o e e T T T et At ot e T T ey oy P b e P S sy Y g

Sourcess 36 Mohan Kumara mangalam
Coal lndUStry in India (Through 1972-73)
ohid Toonomic Surveys 198081 and 1983-84

(P) Prbvisignal
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technologiss and making technological changes uwhich result
in maximising energy cfficiency. Available dats on pouer
consumption norms for caustic sode suggest that the total
pousr requirement for production of one metric tonns of
caustic soda is approximately 3500 kuh with the present
Mercury Cgll plants which will go down to 2700 kuh in the
neyly installed Mambrane Cell Plant*, The current prigs
structure of energy and the consumption norms thus raisa
many guestions rcgarding energy consarvation, inter-fuel
substitution and more enerqgy efficient pollution free
technologies particularly in the gnergy intensive chemicals

and other industries,

3.15 Paper and Paper Bosed Industry: The installed capacity in

the paper and paper board industry has increased from 0,14
million tonnes in 1951 to 1.54 million tonnes by thg end of
1980 with a total invsstment of about %.1000 croras*¥%, Most
of thg paper units hgve come up during what could be termed
as, the lou-cocst snergy era and uhilé choosing the teehnology
anough attention yss parhaps not paid to the ensrgy

cf ficionecy of the »rocass,

Papsr making is anh unergy intensive procaess, With the
expenaion of the capacity, requirement of gross cehorgy has
gong up from 3,94 lakh tonnes coal replacement in 1946 to
26,3 lakh tonnss coal replacemant in 1973 as shown in Table

3.7. In 1980 the requiremsnt of pousr of the industry uwas

% Roport of the Ssventh Plan Yurking Group on Inorgsnic
Chemicals,

*% Report of ths Workshop on Eaurgy sponsored by ICICI.
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around 1.7 billion ‘kjh which was expscted to go up#o
2.4 billion kyh by thg yecar 1985, Tha ostimated coal
and power requirements of the paper industry in 1885
would account for approximatsly 6,1 poer cent abd 2.7
per cent rospectively of the total estimated industrial
damand in that ygar 3f the respesctive sources, Tablas
3.8.1 to 3,8.4 indicate the recent trends in the
cansumpticn of commsrcial ensrgy in paper and other
industrias,

Ensrqy intgnsitias which have remained quite
stablg till 1961 had remarkably come down in 1973,

A variaty of factors such as (a) product mix, (b) rauw
material finish, (c) capacity utilisation, {d) type of -
fuel usad, (s) sxtsnt of the plant integration, its
size and age, (f) use of fuel saving technology, atc,
influcncg onsrgy consumption of different units in

the industry.

In a background paper on the paper industry
orapared o the girkshop on Enerqgy sponsored by
ICICI in 198§ trends in anorgy prices and the cost
of engrgy per tonng of papor output werse reviguwsd

Per ine samclas unics for 19274-1980 and it was



observed as undar:
Trognds in Encrqy Pricos 1974-1980

Coal* Furnacg 0il1 Elsctricity Cost of Energy
Rs.p@r tonne R, per K1 nurchasged per tonng of
: (paise per output
Ky~ Rs.

1974 97,0 350 10 300
1978 141.3 1006 28 626
1979 148, 2 1007 28 694
1980  209.7 1267 33 857

*Includags cbst of transportation,
The background paper further observed that the cost of
energy per tonne of output has increasced more sharply
than the unit consumption and that the cost of energy
has incrocased more than per unit realisation, The
implication and the lessonsvafe blear that the racent
trénds.in enefgy consumption and its costs should be
roversaed through short-torm and long-~term dergy
conscrvation measurss. Short-tgrm measurss would include
impruﬁemant in capacity utilisaﬁians, and other technical
-changes while long-run megasuras:would include introduction
of 'Total Energy' concept, wherever feasible for recovery
of hgat-uwaste; changeover from ocil-fired to coagl-fired
boilors (i.e.) intor-fuel substitution: and adoption of
financizlly viebls ansrgy conservation schemes through

appronriaias ensrgy officient technologiss,
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Non-Ferrous Basic Motals:

Gross ehergy consumed by Aluminium, Coppecr, Lead
and zinc which yas 0.15 mtcr in 1946 had gone up to 2,19

mtocr in 1966 although value «dded had just increased from

Rs, 360 million to ks, 548 million (at 197071 prices) during

~this period reéulting in a stgady increasc in the encrgy

intgnsities from 0,49 in 1946 to 4,0 in 1966, Aluminium,
Cupper and Zinc are highly power-intgnsive industrigs and
thair produstion has bssn considerably affected in the
recent past on account of shortage of pouwer, Aluminium
alone consumed 10 per cent of total power consumption by
industries in 1979-80. Aluminium production requires
about 16,000 Xwh of power pcr tonng of mgtal from

bauxite and slectric power consumption accounts for nearly

30 per cent of the production cost of aluminium,

Aluminium today is the "most important amongst
all non-ferrous metals. Next only to steel, it is the
most widoly used metal in the world., India has a
promising fucurg for the aluminium industry in view of
the reccntly discoversd large bauxitse deposits on the
castern coast., Foosently the installed capacity of
gluminiun is 330.000 t/ycar, A conservatiwe gstimate
of the futura dsemand growth rate has been placed at 8 per
cant per annum so that the cbuntry uoﬁld need about 1,5
million tonne of metal by 2000 A,D, Production at this
level would require 2400 to 2500 MY of pouwer at the

present level of consumption norms, THe smelting of
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aluminium requires unintgrrupted and steady slectrical
energy and therefore aluminium smelters necd to be

located in a region of reliable power sources or elsc
captive power generation may have to be considered fbr
opegrating smelters at ratad capacity. Aluminium, howsver,
constitutes an snergy bank. Recycling of aluminium

calls for only 5,7 por cent of glectrical cnergy

required for its production, The enwrgy need for

recycling of various materials is shoun below:

Materials Kuh/Kkg.
10 StGGl 1. 96
2. Aluminium 0.8
3 CDDDBI‘ . 3. 79
40 B:‘LHSS 5013
5. Plastics 19.8

Recycling is, theref ors, the appropriats ansusr to
sconomically utilize the ehorgy bank, in aluminium
production,

Aluminium mgtal is used in diverse applications,
sutstanding sxamples being electrical engineering,
building and construction, packaging and transportation,
Thg most impressive demonstration of energy-saving
of fect o7 aluminium is its application in transport
scctor. By rasducing the dgad ueight of vehicles and
increased payload notoworthy fuel savings and a positive
anergy balancs in favour of aluminium can be achieved.

Various processes arc being developed to reduce
ths energy regquirgment which, howsver, are ygt to be

commercially established,
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3,17 Iron_and Stgel Industry:

Iron and Steel Industry is a single largs consumer
of commercial cnergy. It consumsd nearly 12 por cent of
power and 35 per cent of coal consumed by industries in
1979-.80, Historical trends of commercial esnhcrgy consumptionl'
by Iron and Steel Industry are given in Table 3,7, Gross
Energy Consumption has showun stgady incrsass. Houey;r,
enagrgy intensity has declined since 1961. These trénds
based on CMI-ASI coverage do not sesm to reflect the sntire
industry's consumption when we compare with the coal
consumption data in Table 3.8.1.

@ rafgrence needs to bg made here to the mini steel
plants which have been installed in all regions of the
country, In 198% there wera 146 mini stescl plants located
in various regions of the country, Steel making units in
the mini steel plant consume maximum of the energy which
amounts to about 63 par cent of the total energy required,
About 89 per cent of this guantity is consumed in the form
of wisctrical ;ﬂargy along, This indicates the necd for
a major thrust in the conservation of energy in stesl
making directed toyards saving the electrical encrgy.

Gonerally, aougver, ths COnsumption of coal per
unit of valug addud contributed by steel industry is very
high compared to the ratio for other industries. Further
morg, the steel industry requires metallurgical grade
coal (coking coal) and canﬁot use (except in a small

proportion) non.coking coal.
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3.10 Cement

The main “uels utilised by the industry are coal
and poyer, Tho c2al (non.coking) raequirament of the
industry is currently around cight tc ning million tonnmes
per annum and with anticipated build up of additional
canacity (base? on dry process), the roquirsment is likely
te excescd 12 million tonngs per annum by 1990, Some of
the old cement plants have dual hrmning facilities (coal
and Purnacs 0il), Tho consumption of fuel oil which uas
19 lakh tonngs in 1973 declined to insignificant lsvels
and continunad at low levels till 1982, On the other
hand , powsr roquiremgnt of the industry is oxpected to
increass tc 1003 MW by 1989..80, The historical trends
(Table 3.,7) indicate that snergy intensity has sharply
goneg up from 1951 to 1973, Inferior guality coal yith
lowsr louwsr calorific valus, may be partly responsible
for highsr coal use; on the other hand price regulation
may explain low valus-addod in the industry resulting
in higher snergy intensities till 1973,

Enegrqy Counsumption Norms for selectoed
4SI Industrigs 1961-1969

3,179  An attegmpc has been made td study enorgy consumption
norms for selacted industriés by‘taking fugl-wise commercial
ghergy cochsumption from the Anndal Survey of Ihdustries

1961 and 1969, Engrgy consumption nbrms arg dofingd as
gnorgy consumption per.unit of output. UWith the
introduction of bettar technology and process management,

consumption norms aro axpocted to decrease for scme ©
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of the industries. Houwever, consumption norms (cnergy/

output) will increasa coampared to the past due to:

(a) Improvemsnts in guality - of products;

(b) Substitution of humen and animal gshergy;

20 Substitution of non.commercial energy;

d) Fall in capacity utilisation dug to
interruptions in production for a variety
of rgsources; and

() decreasing quality of coal and increassed
usa of coal instead of gas or oil.

If ths valug added per unit of output does not deersasc,

then enwrgy intensity will decreass with the decrease in

cunsumption norm, A comparison of consumption norms of

30 selwctad 4SI industrias for 1961 and 1969 (Table 3.9)

shous the follouing:

1.

2e

Group I is a sot of gight industries where cenergy
consumntion of all forms has increased, These,
inter alia, include Jute, Textiles, Usgetable Cils,
Cement, Iron & Steel, Castings and Refrigerators,
AS a result their gross cenaergy usc per unit of
output has gone up and ths consequsnt increase in
chergy consumption norm, Thers, howseveor; secms

to be an inexplicable rise in coal consumption

for cement,

Group II is a sgt of eleven industries where cnergy
consumpticn of 0il and glectricity have incroased
at ths expense of coal, Thess include sugar,

fire bricks and refractories, synthetic rosins and
plastic, iron and steel, iron pipes, basic metal
industrigs and cotton Toxtiles, As g result of
this inter~fuel substitution, gross sheryy
consumpticn per unit of output has declined in the
casg of © sugear, cigargtte, fire bricks, rofrac-
tories, shoats and plate glass, iron and sgkeal
iron pipes and in the case of others, energy
consumption per unit of output increascd,

Elsctricity consumption per unit of output increased
in thy case of hydrogenatoed o0ils, cdible oils and
structurals, Except in the casce of structurals
vhich experisnced marginal increase in the gross
rnergy usc, other tyo industrics consumption norms
remaincy vonstant,
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TABLE: 3.9
Energy Consumption Norms for Selected Industries

(Lonsumption of Coal, 01l and Fleetricity per unit Qutpuk : o
_,,,__~,______g___,n,___,nﬂ961__,__,m_-_~~~__-_~,______~—~_”_~2 _____ 1869 ... e s o e - e s g e
Industry Unit Coal Fuel Electricity Gross Coal Fuel oil Electri- Gross % chanse in
of incl. 0il Energy incl, incl, city Energy Gross Ere rgy
Output Coke Use ke Diesel Use -use 1969/
Bt 1960

“”"4? """"""""" " ZTonna§TEﬁﬁﬁﬁs”"ITH"”RuﬁS (fEE;TE?ﬁEEﬁ(EﬁﬁEﬁﬁ (G Eu57 "{fEE}”—"""" e

Cocoa and Sugar Hund. 0.692 (.039 0. 058 0,789 1.37 0.117 0. 24 12727 119

Confedtionery Tonnes

Breueries & Malk The 0.156 - 0. 154 0.310 0.567 0.082 0.306 0.949 206
Liwsres

Jute Textiles dun, 25,55 0.047 45.08 70,677 26.38 0.074 58.11 B4,564 20
Tonne

Vegetable 0ils The, 6.17 0.734 2.13 52034 6.7 1.688 4,19 11,978 33
Tonne

Cement Tonne 0.332 (.003 0.058 0.393 1.64 0,016 N.522 2.178 454

Iron & Steel Hun. 42.05 0«38 10491 53,35 45,89 12,1¢& 57.89 1%% 87 125

‘Castings Tonne ' ‘ ~

7ir tonditiorer Hun, 1.426 0.67 14.03 16,126 0.38 2.58 19.20 22.16 37
iNos. :

Stortaye Tha 3.03 0.84 5.19 9.06 4,71 1.45 14,29 20,45 - 126

Batteries NoSa - ’

AL .

Sugar Tonne 0.05%9 0.007 0.125 J.191 T.04 0.074 0.036  D.089 (~) 53

Cigarette Mijlion 0.504 0.032 0.244 0.78 0.199 0.075 0.364 - 0.638 (-) 18

Tannexy The Kg.0.992 (0.006 0.724 1.72 0,934 0.0€ 174 - 23134 24

Synthetic Tohne 5,985 0,006  0.€6 1.051 0,171 0.15 2¢27  2.591 147

Resins & HMastic ‘

Fire Bricks Jonne 1.290 0.005 0. 04 1335 0.874 0,16 0,876 1,11 (_% 17

Refractories Hun, 41.59 3.80 4,74 - B0.,13 18,88 14,.7% 7648 41,15 (-) 18
Tonne
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Sheets & plate Sg. Mts, 0,012 0.001 9,007 0,02 0.008  0.003 0,0013 00,0123 (-) 38
Glass

Iron & Steel . Hun, 101.829 2,38 21.18 125.399 62,02 2,51 24,72 89425 (~) 28

Tonnes )

Iron pipes Hun, 22.18 0,77 16,9¢ 39,85 11,46 2.25 17 .95 31,66 (=) 21
Tonnes

Basic Metal Hun, 117439 16,75 297.6 431,74 72,16 22.58 562,04 656,78 52

Industries Tonnes ) _

‘Cotton Textiles Hun, 206,39 24,31 248,36 479.86 162,90 82436 358,48 554,74 16
Tonnes

JLIT

‘Hydrogenated Huna 30,23 2,56 18,14 50.93 25.70 1.49 23,63 50,82 -

0ils Tonnes .

Edible 0ils ~do - 7.76 1448 575 14,88 5,88 138 7433 14,658 -

St ructurals -d0 - 14,53 1.77 16,26 32,56 10.80 1.51 21,65 33.56 4

LV

Bakery products Hun, 17.52 3.47 25,3 46,29 4,2 3,44 12.82 204 46 56
Tonnes

Manmade Fibres Tonnes 2.42 087 2,83 5.,82 0,82 d. 01 0.592 14522 -}74

power Driven Numberc 0.05 D.014 0.034 0.098 0,001 7,005 0,026 0.032 $~367

pumps

\

Tea Hun, 36, 49 3.09 21489 61,47 38,277 33,17 13.17 84,667 . 38
Tonnes

Socaps Th. 10659 11433:-12,78 34,7 4,59 14,26 12.55 31440 (-)10
Tonnes

Insulators Th. Nos, 0.8658 .185 0,832 1.882 1.05 s 25 1,306 1.606 (=)18

Ferro-Alloys Tonnes 0. 168 - 4,52 . 4,688 0,067 0. 06 3.72 . 3,847 (-§18

Writing paper Tonnes  2.99  0.047 0.81  3.847 1.77  0.354 8.79  2.9.4  (-)24

- -t - - - — J— -t S v St . WS S S ot ey Soan — - A - s PP - ot Y s P > B e e 4y o T b s o S P Pmh e e U=V St g M VR S Bt e ey S0 WS 0 S et eh
- — T Yt W D my VoD Y G Ure i = = - - . - v . S S V8 S B Ty tain ot
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4, Group IV is a segt of industries which include
bakery products, manmade fibres and power driven
pumps, In their casc enorgy consumption of all
forms decreascd,

5. The ramalning five industrivs witnassed othgr type
of variations in fuel consumption and as a rasult
of which gross gnergy consumption per unit of
output decreased in the casc of soaps, insulators,
ferro alloys and writing paper, ectc. Only tea
industry recordod an increase in the energy
consumption norm,

Fuol-wise Consumption Pattern

Coal Consumption

3,20 Sgectoral counsumption statistics are compiled in a
rudimentary form., Qisaggrogated consumption figures arc
avallable in terms of hardly 5-7 industries, Table 3,8.3
bring together such statistics as are available Erom a
variety of sources. Consumption statistics ére mainly =
basad én railway shipmgnts as for coal distribution controls
arc administergd by railways, The consumption statistics
of the four priority sectors'namely, railuays, powsrT ,
stecl and cemgnt arg fairly reliablo as thgy do not buy
coal from other traders, Other industrial buyers do some
buying énd esdling snd hoencoe the detailéd industrial

break doun of consumption is not very accurats. In the
absencg of =zmccurats breakdoyn it is difficult to york-out
reliable Consumptién norms for demand projsctions,

Rofinegd Pgtrolceum Products:

3.21 Refinced potrocleum products are used by the

manufacturing sgector for snergy as well as non-energy
purposes. AmONg Non-ghargy Uses, Naphtha goes into .

fertilizers,; rlastins and artificial fibres although some
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fortilizar plants ars reported to have usod naphtha as a
fusl, In 1982-83, 2.89 million tonnss of naphtha uwas
sonsumed out of uwhkieh 2,2 million tonngs was consumcd

by fertilizer industry, 3,67 million tonnes by pstro-
chemicals and the negligiblc balanhce for other purpocses,
A little quantity of kgrosenc is also used in the
manufacturing for cleaning machinery etc. Estimated
consumption in 1971 was 38 thousand tonnes gnly . Industry
cector basically usas c'igsel oil and furhace oil for
captive power plants and other energy uses, Tabls 3.8,1
givas the fusl 0il consumption by industriss. Trends in
consﬁmption of PG, HSDO and DO by industry sector since
1967 are presented in Tabls 3.8.2, In a study of
Consumption Pattsrn of Selected Petroleum Products
undertaken by NCAER in 1971, it was observed that the
industrial saocto® consumed furnace oil, HSDO and IDO in

a ratio of 92,1, 1.53 and 3.2 respectively in the
manufacturing process, As the products lika furnace o0il,
hot heavy stick (HHS) and louy-sulphur heavy stock (LSHS)
arc used as fuel for burning, the quality difference
among them becomez unimportant. Hence tha data on theam
jis combingd,

Electricity

3e 22 Aluminium, Cemont, Chemicals, Fertilizers, Iron &
Stecl, Paper & Textilss taken together consume bulk of
powar consumption by industriss., Table 3,8.4 indicates
their sharc in tostal poycr consumption by industries in
1968 and 1979-.80. Progress in Power Gonsumption since

1970--71 (Utilitics as well as Non-Utilities) by the
Industry sectcr may bg scgen in Table 3.8.5.



Trends in Fuel Substitution

3423 Eneorgy substitution is an intoegral part of enceragy
devel opment. The most important substitution problem at
the macro level is concorning the replacemeht of non.
commercial cnergy resources by commercial forms, Within
the manufacturing sector, there is a need to minimize the
use of 0il by substituting coal to as large an extant as
nossible becauss coal is abundantly available in the country
while the country is in deficit in all petroleum_fuels.
Table 3.8.6 gives the coal production since 1950-51, The
demand of oil is met by importing both crude as well as
finished producté, resulting in large amounts of foreign
oxchange loss, But yith the advancement of technology part
of coal is rather replaced by oil. With the Naphtha injection
in blast furnaceo, the molten metal output for ths same
furnace volume increases tremgndously. Similarly other
industrices such as brick kiln, cemont, glass, tank
furnaces, atc. requiro much less thams per unit output

whon fugl oil is used in comparison yhen coal is used,
Furthsr it is roported that lot of fuel saving and higher
producti~n can be achleved through gasification of liquid
fusls bofore being fired in the furnacs.

3.24 Gunerally thg folloying considerations arg important

in the chirice of fuels
1. Availability
2. Supply .
3. Price

4, Specified Industriagl Requ rements
5. Efficigney of Utilieation
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First considsration suggests that as the country is deficit
in so far as availability of pstroleum fuels in India arc
concerngd , replacement of non-potroleum fuel with petroleum
products in buik guantity may not be cncouraged unless it
is in the national intsrast, But as regular supply of coal
is difficult due to railuay bottlenecks and intorruptions
in coal production due to uncertein labour conditions and
low productivity of labour, it is difficult to replace
netruleum fuels.

3.25 Cost of fuol is more important in cases wherc cost of
heating in ths finished product is quite considerable as
comnared to the total cost., Such industries ars thaermal
power generatiun, steasl, cement, stc. In other cascs whars
fuel bill is insignificant or quality of product is more
important thanany other factor, cost of fusl occupies a
sescondary placae, In the formaer case fuel requiring simple
burning arrangement and low capital cost and in the latter
casc, fuals thet can producs desired Finishsd product are
proefarrad,

3,26 Ronaent trond is also not only to compare the prices
aof various fugles on the basis of calorific value only but
alsa to consicdor various sf ficisncies of utilisation, It
has bsen rsported that in Britain, oil even at threc timgs
the price of coal por tonne was found to be cheaper per unit
of ouctput in the furnaces specially designed for oil firing,
Actually potrolsum fucls possgss such qualitigs that they
can rather replace other conventional fuels like coal in

most of the applications, Even if liquid fusls are
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availablc at‘higher»costs,-they may increasc the output of
the existiﬁg plant in such a propbrtian that it bocomes
agverall economical. It is further rgported that through R & D
effbrts, it is possible to bring doun fuel consumption by
suitably changing the design of the burnar,
3¢ 27 These factors have affocted the process of substitution
in India, Thers has hzrdly been any substitution of coal
for oil in steam raising, The roason is that in terms of
thermal of fFicignecy, oil fired bollers have an edgs over
- coal fired ones, Evgn if 0il costs little higher than coal,
it is still preferred for simplicity and more perfoct
temperature control, The bulk of the 2il used for raising
steam 1s in regions far away from sources of coal and till the
problems associated with the transportation and distribution
of coal of assumod guality oﬁ a sustained basis continue®
it would be unrealistic to expsct any switch from o0il to
coal use., howcvsr, desirable that; may be from the balance
of payments angle. As the priority uses of both gas and oil
appear to be diffareﬂt, any significant substitution of
ga2a Tor <11 &s ooiiss Fusl doos not seem to be possible.
It ggramic industrv tachnicelly gaseous fuel is theo best that
can achicve temperacure and atmosphere free from sulphur,
3,20 ‘Substitutian of '"mon-commercial! fuels by commorcial
fuels 1s ingvitabls resulting in higher clasticity co-
of ficignts. Howevaer, the sxtent of such substitution is
difficult to beo estimated, A4SI data reveals that Bagasss

caonstitutcs 6C per cont of 'mon-commercial! snargy
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consumption, As per the Indian Sugar Annual Numbsr 1982,
the production of wet whole sugarcane bagasse in 1980~81
was 1585 lakh tonnes. Most of ths bagasse produced at
present is burnt in the sugarcans mills as fuel to
generate steam reguired by them while technically it

can be used as a valuable raw material for producing
pager (on an average, 6 tonnes of wet whole bagasse can
produce 1 tonne cf paper). But this may perhaps not

be substitutaed since the supply of basgasse is so very
reliable for the industries that gconsume it., Factors
like distant location of the paper mills, seasonal and
fluctuating supplies of bagasse are some of the practical
diFFimdltiés in bagasse pulping becoming a commercial
proposition., Integrated plants of sugar and paper may

perhaps be ths only ansysr as proposed by some researchers,

3. 25 A number of industries like brick making, mini
paper mills etc. use firswood and agricultural residues.
In the absence of latest ASI data, the dirsction of
thelir substitution in ths recent past is not knoun.

34 30 kdvisery 3osrd on Ensrgy(ABE) has abserved that

a significant asount of energy used in the industrial
sector is in the 7orm of heat. Roughly 65 per cent of
the energy ccnsumed is for process heat, Iadustries
lika steal, cement, mgtal Forﬁing rgquire heat at very
high temperature., There are, houwsver, a number of

industries which use heat below 500°C for which cosal
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0il and firewood are used. Thera is another large set
of industriss, the hecet tequirumgnt of uwhich is below
140°C. Thase include tea, tobacco, sugar, agricultural
products, animsl fesd, wood reasoning, rice milling,
paper, textilss, brewsrics, piggsries, distil leries

and the like. Advisory Board on Enurgy(ABE) is inclined
to the view that in such industries, the uss cf coal
mainly and to a lasser cxtant wood and cil for meoting
low-grade requiremants in industry can be reduccd
through solar gnergy and other forms of cnergy like
wasta heat recovery. If this potential is recalised it
may be possible to substantially reduce the use of

coal in ingustry.

3.31  In India, howsver, it is difficult to substitute
present oil applications in Industry which are otherwise
guite minimum due to various administrative controls,
Secondly, fuel substitution requires plant modifications
which may possibly require large investments, Lack of
assured coal and'pouer supply alsoc hinder the normal.

procass of substitetion dictated by verious sconomic - forces.

v .‘ e s -
A



CHAPTERS-A4

THE_CHANGING ENERGY CONSUMPTION PATTERN
DURING SixXTH FIVE _YVEAR_PLAN, 1980-85

4.1 The pricing structure of commercial energy
during the last one dscade has undergone g sea changs.
With this change in the pricing structure, the .
consumption pattern of coal, 0il and electricity
should change in principle so as to encourage
substitution 5? 0il if coal and electricity supply
could be reliably provided. 1In 1977 coal, electricity
and fuel oil yesre priced approximately at 90,250 and
45Q per mt§f, respeqtively'(i.elvafter'qiscounting for
fuel efficiency)., The prices of petrdleum increased
further in 1978.79 due to global rise in the price of
,ﬁetroleum products. This rise in prices outZiine with
thg General Index further changed the pricing structureg
to effect distributional changss in response to price
‘rises as well éé_the tempo of development in the
sectors -particularly using snergy dsrivad_?rom

patroleum products,

4,2 - yith the change in the badﬁdropQIit is of great
interost to analyse hou the planners projected thase
changes 'in ths consumption pattern for the Sixth Plan

1980-85 "in the input-output bleck of the core modal.
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The ysar 1979-80 was adopted as thg basg year for the
purpose of projections. The technical note-on the Sixth
pPlan (1980-85) has constructed Input-Output Transation
Table showing intermudiats use and final demands for
Indian cconomy for the ysar 1979-80 and projections for
1984~85 in gighty ning sectors which, inter alia, reflects
the pattsrn of use of electricity, coal and pstroleum

products for these two years (Tables 4.1 to 4,6),

.t —e

CONSUMPTION PATTERN OF PETROLEUM PRODUCTS: 1979-80/1984-85

4,3 Tabls 4.1 presents the intur-industry use of petrolaum
producﬁs in thg Indiasn Economy in 1979.80 and 1984-85,
The Plan anticipated a marked changas in the percentags
shara of consumption for the agriculture sector uhich
consumes diessl oil for tractors, pumps, power tillérs
énd pouwer épraycrs. Qh the othgr hand é marked decline
in the shars oF.tranSport sector and a someyhat smaller
declins in manﬁfacturing sector was sxpacﬁed.l Tabla 2
indicates ths ox-post and vacntu avallability and
disposal of petroleum products, It was sstimated that
by 198485 the country uwould import 36 peér cent of total
0il requirements., While 76 per cent of the available
petroleum products were sxpucted to bs consumed in the
intor~industry usae, the share of privatc consumption in
the total disposal was cxpacted to go down from 28 per
cent in 1979-80 to 18 per cont in the total. Houyever,
- the sharc of Govornment consumption was expected to go

up from 3.98 per cent to 6,37 per cent., This consumption
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pattern assumed that the domestic output will increase at
a compound rate of growth of 6.3 per oenﬁ. Houevér, thao
actual achicvement of 5.2 per cent has becan short of this
target (Table 4.8), -If the gap is not filled up by imports,
the projected consumption pattern will be much different

from the actual.

CONSUMPTION PATTERN OF COAL: 1979-80/1984-85

4,4 Secondary sector consumed 90 per cent of the total
coal censumption in 1979-80 and this share was expacted to
remain unchanged by 1984-~85, Housver, the shars of manu-

' facturing uas_axpectcd to go dmun from 59,56 por cent to
51.92 per cont aﬁ_the end of 3ixth Plan, On the contrary’
groater percentage of écal cunsumption byrﬁlectricity, Gas
and Uster supply uas oxpocted in 1984-85 with the share of
; thermallpoucr gencration going wup. (It went up from 54 per
cent in the total poWweET geherétion in 1972-80 to a little
over 61 por céﬂﬁ in 1982-83). Intsrestingly, rail transport
will consums 30 por cent mure coal in 1984-85 as compared
-tu 1979~-80, Hoyevsr, during these five ygsars the share of
coal consumption by railuays will move douyn from 6,35 per

cent to 4,84 pcr cent,

4,5 Cemant Industry and man made fibres that are
experiencing great expansicn at this stuge will be consuming
nsarly double the quantity of coal at the snd of Sixth

Plan compaxcd to their consumption levsl in 1979-8Q. The

shate of consumption in ths total will houwsver gs down in
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the case of rufrectoriss g spon and Btzel and non-ferrous
motals. While the inter-industry use of coal will - 1~
rslatively increasz, both privatc and Goverﬁment consumption
was cstimated to curtail their percentage sharc in the total,
although their absolute consumption levels werc projocted

higher than bafore (Table 4).

4,6 In 1979-80 coal consumption yas less than the
domgstic wutput although country was importing botter
quality of cwoal for stéel plants stc. But it was sstimated
that five voars after, domestic output «3ill be less than
the roguirud availability. Coal output was expected to
groy at a rate'bf’9.7 per cent por annum during the Sixth
Plan, Housver, the increase is cxpectced to bs around 7 per
cecht. Slouer growth will affcct the normal process of
substitution besidos affecting capacity utilization levels

in many industrigs,

ELECTRICITY CONSUMPTION PATTERN: 1979-80 to 1984-85

4,7 Tabie 4,5 and Table 4.6 rtalate to elcctricity. The.
inter-industry use-af clectricity projocted for ths tarmingl
year of 1984.85 was not expsctsd to be markedly di?ferent
from ‘the provailing use in 1979-8Q aithough>the level of
intermediate dénsumptio; was to bg higher by 62 per cent,
Agficulture.sector'ués erecééd to double its share in the
aiectricityvcbnsumption Prom 2.5 per cant in 1979-80 to 4,9
pej cent in 1984-85 while the sharc of éecnndary scctors
buhsuhptian was to temain roughly constant, Aé clectricity

cannot be stored and its imports or exports fram neighbouring
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countries apg nogligible, ths tntal domsstic output

(utilitiszs 4 non-utilities) was expected to mest the demand
for inter-industry use and private and Govt. consumption,
This sector was expected to grow at 11 per cent per annum but
the actual grouth QF electricity is estimated to be around

9 per cent during the Sixth Plan,

4.8 The implications ars quitc clear. The manufacturing
sector which is the.major consumar of slactricity would not
bs able to opurate at the desired levels of capacity
utilisgti-n. Sccondly, inter-fuel substitution dictated

by the pricirg structure would not be possible due toc the

supply bottlsncoks. .

4,9 A striking déparﬁufe from the plan prsjéctian is,
housver, scwn in tables 4.7 and 4,6, As part of the energy
étratagy, in 1980 s oil expluration wes intensified to
increase indigennus producticn, As a feoult of these offorts
crude 2il production growth réte of 19.31 h»as far exceeded
the cxpected target of 13 per cent during the Sixth Plan
which will wasc the agvailability of petrel-um products in

the coming years.
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BLE&41: DETAILS OF INTER-INDUSTRY USE OF
TABLE P ETROL EUM PRODUCTS
IN THE INDIAN ECONOMY_1979-80 & 1984..85EN
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2,

primary
of which:

(a) Agriculture
(b) Mining & Quarrying

Secondary
0f which

(a) Mmanufacturing:
0f which:

cotton Textiles

Jute Textiles

Wood products

Chemical Fertilizers
Other chemicals

Cement

Iron & Steel and FerTo
Alloys

Non-ferrour Metals
Motor Vshicles

Others

(b) Gas, Electricity
and- Water Yupnly

3, Tertiary

0f which:
Transport services

Railua% Transpo rt
other Transport

Total Inter-Industry
Use (1+2+3)

18979-80

Rs/ crores As pereant
of total
398, 20 15, 36
317647 12,2¢

e oe
929,52 35,84
786,65 304 45
78411 3.01
24,80 096
35.20 ?.30
- « 97
19:72 0:53
23,72 0.8
122,44 4,72
34435 1432
28..11 1.08
338,10 13.04
139.87 5,39
1265.,64 48,80
1212.97 46,77
111.85 4,31
1101.12 42,46
2593, 36

P et lanbad b adadendadhadhe —-——-—-n—‘-—-—————.——-————-._

15984-8%

Rss CLO Ies

1169, 29

1040. 20

o

1391, 36

1153.00

81, 05
27,83
111.09

76.74
24, 30
45,63

177,31

17174 45
158,69
1558,76

_——.---.——v—..---—-—-—.——un---—.———.—--.-—«-—o-‘m-————-.n“—-.—-—-—

Y

. LY
—-—--o.—-.—-—-u-n-an-na-————-——.-.—-n-—-.a-.-——-—-.-.-.-c---——-——-————-—-—-——-—-..——.--n——._.-— - - o

- o Sy Ay e

0=l
RN~ NS

iy ot o S AP N s T W

- - T G b oo D S



DU 9

ﬁBLEg Z AVAILABILITY AND DISpQSAL OF PETROLEUM PRODUCTS 1979-80 &1584-85

(As obtained from the Input.Output Trah sactions Tables

‘ Inter-indus try
pro jected in the technical note for the Sixth plan For the
relevart years)

Sl. Item 1979..80 ) 198485

NO . Rse CTOTIES per cawi of Rse C rOTES percent of
: total total
fvailabil ity o
1. Domestic Qutput (Total) 2837,7%1 73,90 . 3842,34 | 67.00
2. Imports 1017.20 26,42 2037, 0C 35.52,
5. EXDOI‘tS (lBSS) \r):‘U L IR Qafﬁ o
4, Change in Stocks
Increase (~) 1230 ~- Oa32 ‘w144, 60 - 2,52
Decrease (+ .o 7 ee
t vailabilit ‘ - _
gust hugte Y 3831, 14 100.60 57 34,74 100.00 .
Disposal
5., Inter-Industry Use 2593.36 67 .66 . 4345, 46 , 75,77
6., private Consumption Exp. 1085,24 - 28,33 1024, 03 ‘ 1786
t nsumption . X5ha45
T B aRalEl e e 152,51 3,98 - §.37

Total Disposal (5+6+7)  3831.71 100, GO B734,74 T100. 60




- TABLE '4:%Details of Estimated Inter~Indestry Use of Coal &
Lignite in the Indian Economy 1979-80 & 198485
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S1., Sector/Industry 1979-80 1984-.85 198485
No . Rse Cm res As percent RS« CTOTES As percent 197980
e 0L 2O8RY o ___Of total % change
1. Primary Sector 19.01 Ta71 7081 3.75 . 272
0f which:
(a) Agriculture 0.70 0.06 t.00 0.C§ ALY
(b) Mining & Quarrying 8.25 0.74 57.55 3.0 598
2. Secondary Sector 1007 .44 S0, 42 1715,.52 90633 7¢C
0f whichs
(a) Manufacturing 663,54 59,.5€ 965,86 51,97 49
(o) Electricity, Gas .
ofﬁd% Water Supply 336,16 30617 718.26 37,87 114
pPaper & paper Board 29.57 2.65 46,32 2. 44 57
Misc, Coal & petroleum
p roducts 180. 0% 16 416 280.55 14,78 56
Chemical Fertilizers 28.15 2,53 52,79 24718 68
Manmade Fibres 13.17 1.18 28,37 1448 115
Refractories 89443 8.03 125,96 6,63 41
I~ron & Steel 106.54 9,56 158,78 8 .36 ¢ * 45
Non-ferricus Metals 16.11 1445 26,12 1.376 62
Cement 45,06 4,04 B6.6T 4,56 92
3. Tertiary Sector 87 .67 7.87 112,81 5,94 29
0f which:
Transport Services 70,78 6.35 91,85 4,84 30
Railway Transport 69.41 6,23 B9, 95 4,74 30
Other Transport 1.38 0.12 1.90 0.%0 38
Total Inter-Industry
use (1+2+3) 1114.12 100.00 1899, 14 100, 0§ 70
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and Disposal of Coal and ngn;te
1979..80 and 1984.85 (as obtained from the I-D
model projections for the Sixth plan)

IABLES % Availability

D ot o At ot Gy P s P DS it 5 iy s e 2 S ot et Nl i et e Pt gy

No., Rs» Lrores percent fse Crores  percent -
of total of Total
1. AVAILABILI—TY .
1, Domestic Output (Total) 1206.67 100. 33 1915,22 85.02
2, Imports 70450 £.86 133,00 6.60
3. Exnorts (Less) - 12,80 - 1.06 - 21,70 -~ 1.06
4, Change in Stocks . 4
Increase (-) - 61.70 - 5,13 - 11,47 -~ 0457
Recrease ()
Total Availability 100400 2015 .57 100.00
(1+2-3+4) 1202467
DISPOSAL
5. Inter-Industry Use 114,12 52,64 1899.14 944,23
6. private Consumption Expe. 73436 6.10 94,05 4,67
7. Government Consumption : _
Expenditure 15.19 1. 26 29 20 1,19
1202 .67 10000 2015.52 100.00

Total Disposal (5+6+7)
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TABLE: 445; Details of Inter-Industry Use of ElectrlClty in the Indian Economy -

1979-80G . & 198485
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(At Factor Cost at 1975-80 prlues)

1875-00 1684-05 _
Sector/lndUStry - RS percent As percent 1884..85
%0 Crores of total Ry Crores of total 1979.8a
e e e e e e e e e e e e e e (#_change)
1« Primary 209,83 6,26 464,55 8,54 121
0f whichs .
(a) Agriculture . 84,50 2052 265,24 4,87 214
(b) Mining & Quarrying £0. 80 2441 143,472 ' 64 78
2. Secondary 2783,3% 65,15 3568, 49 £5,93 64
0f which:
(a) Manufacturing 119032 35,52 1528 .59 35,43 62
0f whichs
Sugar 61,13 1.82 125,405 2,30 105
Cotton Textiles (excl.
Handlooms & Khadi}) 124,97 3.73 136 4,99 2,51. 10
Wood Products 63,06 1.88 5.82 1.58 26
Paper & Paper Board 47.05 1622 67.52 1e 24 64
Chemical Fertilizers - 187 .30 5.59 368.80 6,77 g7.
Iron & Steel and Ferro-
alloys 87.85 2,62 1o o 2,57 59
Non-ferrdus Metals 88,60 2,65 ta1 ezl 2,73 70
Motor Vehicles 22,55 0,67 39.53 0.73 76
(b) Construction 108,57 3,24 160,57 2455, 48
(¢) Gas, Electricity & Water »
Supply . B84, 46 26,35 1499 ,33 27 4 55. 70
Je nfgtlary 958.11 28 .59 1389.74 25453 45
which
(a) Trade, Storage & Warehou-
sing 340,54 10,16 450,82 8,01 44
(b) Education 80,48 2,40 121,03 2,22, 50
(¢) Transport Services: »
(i) Railway Transgort 32,54 097 50.78 093 56
(iiy other Transport 39,85 1419 5750 1. 06 44
Total Inter-Industry Use (1+2+3) 3301430 100, 00 54427,78 10 0e U0 62
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TABLE:46 : Estimated Availability & Disposal of Electricity : 1979-80 &
1984..85 (Gas, Electricity and Water Supply)

(As obtained from the inpuf.Output model projections for
the Sixth plan) At factor cost at 1979.80 prices

- Y o e TP e B ¢ A S T g e P S g St T s ) S G e S ORI e b b S B g B Y et e TS P T ot M G S s S B D h TP g S P o D P gy W S MV doe S ny B e T R i G AR s S g e S0 A S s Tt et At o e G Bt P Pk B

Sl, Item 1979~8Q 198485
N0 o e e e e fsg Crores percent of Total | Re. Crores percent of Total
AVAILABILITY
1 e Domestic Output (Total) 3830.67 100.0 6527 .87 100, 00
2 Imports - - .. -
Total Availability (1+42-3) 3830.67 100.0 6527,87 10000
DISP0SAL
4. Inter-Industry Use 3351, 30 ' 87445 5442,78 8338
5. private Consumption Expenditure 418.005 10,91 921,99 14,12
6. GCovernment Consumption _
Expenditure 61,37 180 163,10 2,50

Total Disposal 3830.67 100,00 6527.87 100,09
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TABLE:47: Availability and Disposal of petroleum and Natural Gas:
1979~80 and 1984.85 (As obtained from the Input-Qutput
Transactions Tablesprojected for the Sixth plan),

e b - O e A D gy = . .-_._n.-n-—-o.-.-—.—--_-.-_..-'--—-an-——-u—u-—-.—.--—.-—-.— S S W R o WG D D - g S T WO S S i et e e e WU P Y sy WD ok

Ssl, Item 197580 198485
No o Rse Crores Percent of Total Rse Crores Percent of Total
AVAILABILITY
1. Domestic Output (Total) 457 .50 6,71 839,50 _ 24,73
2 ImpO rts 229"760 8’7‘182 260/4@00 75:66
3. Exports (Less) o oo ‘e .o
4, Change in Stocks - 14,70 - 0eb3 ~1.60 _ - 0+05
Increase é—
Dacrease (+ ,
Total Availability (1+42-3+44) 2737,4n0 100,30 3441,50 100,00
DISPOS AL
5. Inter-Industry Use 2737440 - 100. 00 3441490 100, 00
6. private Consumption EXxp. 0.0 mees - -

7. Government Consumption . 7 _
Expanditure 0.0 - - —

Total Dissosal (54647) 273740 100,00 3441.90 100,00
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TABLE4: .0 pmduction of Electricity, Coal and
petrcleum 1975-80 to 198485

Electricity Coalincl,. Petroleum petroleum
Bkwh Lignite Crude products
Million Tonnes

- B G B o o e PAD R Bod e o S 08 Wt P e i bt e ot ot Ae e bt it B e P it ks 0 Gt g S W it o g B - s " e et e 2 S b Bt e g et e e St

beight (1970=100) 9.2300 5.8430 1.5460 1.6200
19729-8Q 104,6 106 .8 25.5 11.8
186Q-81 110.8 118.8 24,1 10.5
1981-82 122.0 130.1 28,2 16.2
1682-83 130.7 137, 1 30.8 2711
1983-84 139.9 138,405 32.8 2640
168485 159,2 148.,7 3540 28,6

Growth rate 1375-8(

1984-85
Actual _ 8.8" 6.9 5.2 18,3
Anticipated#*# 1.2 9,7 6.3 13.0

- — - o - PRy peeepIp SR Y S IR b adakadat o dade el ol o et adadebadhaboadinbaieadnsad
— —

% fstimated on the basis of actusl growth in Apr-Nov 19§

#w Bacey on Tahlos 4.2, 4.4, 4.5 and 4.7
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Chapter 5

Encryy Efficiency® in Manufacturing & Mining

5,1 Energy requiremsnts per unit of valua added arc
vaery high in India comnared ts developed and neuly
industrielizing countries. Energy intensities are also
increasing over the years, The industry sector is the
largest consumer of commercial onergy in India. In
166001, the industry scctor consumad 40 per cent of
total consﬁmption of commercial sncrgy while it contributed
per cent s the Gmoss Domestin product. It
consumad 62 per cent of the gloctricity and 61 ner cent
of the coal and 59 per cent of the fuel oil, C(onsumption
of commsrcial enérgy in Mining & Manufacturing hasv
increased at a compound rate of grouth of 6,5 per cent
betwezn 1553-54 and 1560-81. 0On the other hand value
added in mining and manufacturing has rissn at 5 per

cent per annum during this period,

* Accorcing to the laws of themmodynamics, snergy
efficiaency rofers to the minimum utilization of an
available eneryy ssurce throuch an energy converting device
for a given taske Ensrgy efficichcy In physicel temms
takes into account both the quality and guantity of energy
input as well as the efficiency of energy converting
device for a particular task and is dg:=fined as unders;
Absnlute minimum energy required for a given
t ask e

gnergy inputse to a deVice or system from some
source (i.e. total cnergy consumed)

Efficiency=

Howsver, it ie not sufficient simply trying to approach
the maximum of the above thermodynemic law and improve the
thcmal efficicnecy. It is necessary tc apply cconomic
criteria to the goal of maximizing energy efficiency,
Technalogy/ressurce combination options which provide the
greatest ievel of cnergy efficiency in thc abovokensc may
not bo econcmically hest, Thore is & point where the
marginal cost of saviny & unit of enargy will be larger
than the marginal benefit associated with such a saving,
To cetemmine tris equilibrium onc must consider the total
cost of production and use of cngrgy.includipg.tbe.Fual
aveilahility of sunply and substitution possibilitics at
the factory level. In this chastar, however, energy
effipidncy is gencrally %aken in ihe technical sense.
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5,2 Ensrgy intensities are rdefined as encrgy
consumption in jhysical units like kWh or tonne, pcer
unit of vealuc addeds Table 5,1 gives the electricity’
coal and oil enerxgy intensities in the industrial

ecenar Trom 1563-54 to 193061,

tlogtricity Coal® _pile Total Commerciel
(kWh/Re.V.A.)(Kg/V.A.) (/Re, VoB) Encrgy
(tonng coal
repl acement/
thousand Rse)

s o s s s e | A e e A i At i e

1,53.54 1. 234 00645 2el05 1.05
156551 10254 94537 T, 034 0.90
1660-61 J. 344 3,620 0,107 1418
196 5-66 9. 471 0.628 0,004 1,27
197271 0,613 7,555 4 097 1,36
1575.76 Da 656 06766 0,073 1,57
158 0m01 14661 0769 e 064 Te 50

# Excludes usc in pouwer stations,

@ includes FO/LSHS/HHS used as encrgy fuel and not as
food stock in the manufacturing sector FO/LSHS/HHS used
as fuel in utility pouer stations is also excluded,

et oo e e £ B o g g ST 4t s b S b 48 o T 2 At s P et g 97N MRSy T4 5 o S o o e 7T ST e e o S ek s by

5,3 puring 1870-71 and 1575-.76 nower shortages have been
reported at a minimum. Betwoen thesc tuwo ycars electricity
intensity has increased by 1.4% per ennum rcficcting a
growing sharo of electricity consumpticn o total
industrial cnergy consumption, Over the total period

of 1553-54 to 1500-01, eclectricity intensity has

increased at a ratec of grouth of 3,7% per annum while
overaell ecnergy intensity has gonz up by 1,5% per

annum compound,  As is cvident thg intursity of



clectricity consumption has increased over a pcériod,
However, the rate of growth of intensity has declined,
This is gnly to be expected since in the initial
stages of industrialization, the share of industries
which produce or process primary commoditics op
minerals is high and it is these industries that have
a rolatively higher clectricity intensity, Further

in thuy initial stages of the spread of electricity in
a country, a lerge. number cf industrics using’other
cnergy fomms switch to the use of electricity. In
vicw of these factcrs, the 1ntcnslty of wlectriciﬁy
use is bound to be high in the initial stages of
development, Also when the product mix of an indust ey
chanjss, electricity consumsticn por unit of production
could increase specially due to improvoments in
quality of pmducts. For example, an incressc in the
share of superior quality paper or textiles could

lead toc an increase in energy in+@ns1ty of thesa
indust ries,

5.4 Historical cnergy intensitiss in the case of
coal and cil have fluctuated reflecting both their
price and availability. However, the intensity of

sloctricity usz he oistured @ steady increasce -

n
‘..Jo
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5.5 Total energy recquirements ner unit of value
addcd in the industrial sector has also steadily
increased dus to the changing product-mix., To analysc
thoe factors responsible for the increasing energy
intensity in the menufacturing secfor, it is essentizl
to study the characteristics of the changing industrial-
mix in India. It is cqually important to examine
energy intensities in some of the large energy consuming
industries that include textiles, cement, chemicals,
non-ferrous metals, aluminium, pulp and papsr,
fertilizer, Iron and stcel; sugar. petmochemicals,
mining & guarrying, etc, The gugstion of energy
efficiency is elso linked up with the changes in the
engrgy prices due to suvcrai feehors,  In the following
nages we analyse some of these cuestions to examine
the reesons for the apparent high snurgy input %o

added

value/ - by the industrial soctor,

Industrial Structure

5.6 Over the last thirty yeaiz, the industrial base
of the country has been widencds The whole industrial
st ructure has been diversified covering the entire
range of consumer, intcrmediate and capital goods;
Both gualitative and guantitative changes have taken
nlace in various subwssctors of the industry scctor.

Each idndustrial activity runuirse differcnt lavel of
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energy consumption per unit outhut, To answer the
qucsticns raised ahove, ue may classify the industrial
scctor into registered sector and unregistered sector.
Some of the industrivs in the registered sectar do
consume large quantitics of ene ergY. The share of such
Large Lnergy Consuming (LEC) industries has declined
as a percentage of the registered sector during the
lasc thirty years, However, thuir share has remained
mecrs ot less oconstant in the totzal industrial sector

. . ) industries,
connrising of registered and unrenistered/ Table §12
givus the percentage share of types of industries in
the totel veluc added by Manufacturing Sector,

(01 B n et e e T B g s Dt Bk pp D gt S R PAS . MU Dol TS ke Bt P ) S Gt i ot St G At b B AR L) oy PO S it e G i T o et T P S T ey e M gt N

Tablg 5,2 - Industrial Structure

Ycar Registered Unregistered LEC as
LEC Non-LEC Total poercentage
: of the
rogistered
N sector
1651-52 34,58 1%.51 54,09 45411 63,73
1661-62 32.97 25,33 56, 30 41,70 56,55
187172 33,780 20,27 62,45 77,95 54,45
158001 35,12 27,90 63.193 36,50 55,66
196102 3490 29,10 64,00 36,00 54,53

Source: Natinnal Accounts Statistics: 1904
Basic Statlstlcs relating to the Indian
Economy (1965, 1977)

e e i et 4 0 e 7ttt e Vet e e e
e v Foros o b PP o o S e —

1t can be scen thet over the last thigly years, the
share of unrenistered sector has declined fz2om 45 per
cent to 36 per cent in 15071-82, The percentage share

of non-LEC in the registered sector has increascd,
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Tahlae 5,3 presents the data on value added by the
rcgistercd and unregistered sectors for 1¢70-71 and
15801-02 as well as the corresponding growth rates over

thesc years at 1970-.71 prices.

e BUR o dm s S et P e s Pl St s T e P MR o TS BT U B . G i Wt W i et B e B o D g S St B it s PR B etk PV g By OV o s e g v ot gt i Pt o

" lablg 5,3: Value Aadded anc its grouth rate by
Registered & Unregistered Manufacturin:
Sectors (et 1¢70-71 prices) (k. lakhs)

Industry Group  _PRagistered Scctor Unregistered sector
1570-71 1561-02 Giowtn 1970-71 1901-02 GIdth
Ratc Rato
— (PGI‘CGnt)- (Percgj‘
1. Food pro-ucts 25015 40741 3,9 10411 - 24976 2.9
2. Beverages,
tobacco &
Tobacco
products 5911 13959 3e 2 10409 16750 4e4
3, Textiles 55730 102610 5.1 446711 75320 5.4
4, Wnod & UWood
products 3094 2137 (~)3.3 22043 21935 -
5., Paper & Paner ,
products 145585 10916 2,1 5106 11772 7.5
6+ Leather &
Leather & Fur
products 2260 1096 (~)1.6 6507 8044 Te4
7. Rubbcr, plastic
petroloum &
Coal products 12860 16109 301 1820 3407 1.6
8, Chemicals and
Chemical '
products 36707 68416 5.0 5837 11654 6.6
g, Non-Metallic
Mingral products 11399 15361 2,C 9342 18092 6,2
10, Basic Metal and
Alloys Indugtrios 20451 450069 4,9 462 716 4ol
11. Metal products |
and parts 9454 13045 3.0 - 772 16227 3e G
12. Machinery,Machine
Toocls & parts 19306 36221 6.6 6375 11706 5.C
13, Electrical
ffachinery 16213 413059 7.5 36 27 6560 545
14, Transport
Equipment 24356 35404 3e7 5346 0824 4,3
15, Miscellancous '
Manufacturing ' : .
Industries 10652 15673 Ne B 13256 17294 245
16. RCQull SLerCC’S £357 Ca_]_‘ig 2’2 10603 17720 4.L
17. Ngt velue Added
inoluding 3ank pg657 4c0628 4.7 175829 274945 4
narge
1. Bank Charges COt7 16145 647 139 5245  13,°
15, Net Value Added zo74Gl 4704801 4.5 174536 269704 4,

Saurce; .=tinonal Acgounts Staticvics, 1934
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5,7 @&s could be seen that during 1970-71 to <. - .-
168102, the registered scoctor moved faster than the
unregistered scector, In 1471.72, the unrcegistered
sacctor had a lower share of the‘total industries

scctor than the rcgistercd sector and the percentage
shere of the unregisteored sector has declined further
in 1921-02 because of louwer grouth rate compared fo the
registered sector, In other words, for the unregistered
secior to have the same share in 150182 as in 1971-.72
in total; it would have had to grou at - gama rate
compared to the registered sector., Table 5,3 further
highlights that energy intensive industzies have

grown at faster rates than industries which are not
energy intensive.

thamges in the Energy Consumntion
in the Industriecs

5.0 Survey of the reccent research eon changes in the
gncrgy consumption indicate thet the coefficients of
energy consumption per unit of value added or per unit

of physical ocutput undergo change duc to the following;

(a) Consum->tion nomms docrease with the introduction
of better technology and process management, If
consumption nomm decreascs, the cnergy intensity
decreascs even if value added per output does
not decreasc;

(8) Increasc in wages lead to increase in value
acdded per output resulting in docreasc in energy
intensities in someo sectors;

() Increase in energy prices; and
(d) Incrcase in secalc of sroduction,
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5.9 It hes also been observed that cnergy intensity
for electricity has gone up in some industries duc to
increasced shere of the quality of the products, such as
fine paner, fino textiles; purer chemicals, etc. Lesser
imports of high quality prmducts, machinery, parts, octc,
have alssy affected electricity consumption.

5,10 These considorations do sucggest that base-lovel
eneryy intensitiss for oil and elcsctricity in the large
cheryy chnsuming industries roduce gradually but
modestly over time because of the poésibilities cf
ghergy cunscrvation by better manayement or by
technological chances. As regards Non.LEC industries,
encroy intensitics may increade due to lack of R & D
gffarts in the industriscs for encrgy conservation and
due ts lack of incentives as the energy consumed by
individuel unit may not be-significant so as to encourage
measurss for energy conscrvation. Houwever, the energy
intensitics computed by Adviscry EBcard on Energy for

107071 and 1970.79 are as under:
1

970-71 1970=75
Actuanl Actual
Eloct ricity (kWh/Re)
LEC 1.20 1446
NLEC 003349 Ce 2640
0il (ky/Re)
LEG 0,1063 0.0840
NLEC 0. 0806 - 03,0352
Coal (kg/Re)
LEC 1.01090 1.324

NLEC ' 53356 062725
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The docerease in eneorgy intensities for oil in
toth LEC and Non-LEC indicate thc iZmpact of increase
in 0il prices on 0il consumption,
5,11 It is pguite possible that due to conscrvation,
efficicncy improvements and neu proéesses, intensiﬁies
in the cesc of LEC industries can be expected to
decline, Houwcver, in the casc of NLEC it is difficult
to prodict without proper study of improving production
efficiencies and that of substitution of electricity
and ccal for presently used noh-commercial sources,

Large Encrgy Consuming Indushric::

5.12 Large Energy Conesuming Industries need té bo
oxaminod in a greater detail., Tabhlce 5.4 gives
relevant data for our analysis. It may be seen that
the highest cnergy consumption is by iron and steecl,
followcd by textiles and fertilizers {(sxcluding fced
stock)., Textiles consume the highest amount of
gloctricity and oil, whorevas iron and steel are the
largest consumers of coale Textiles are not by
themsclves highly eneryy intensive industries, the
energy consumcd by them is high due to the high
volume of procuction,

5.13 Enecrgy intensities of these industries have
different order of ranking'bQCEUSe cf the diFferehces
in tho volume of prcduction and in value added by

cach of the scctors, Here Non-furrcus basic metals,
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fertilizers and chomicals precede textiles, Energy
intensities for some of the LEC industries is rather
high by international comparisons. (It is to be noted
that in India, the intensities are given in million
met rlic tonnes of coal replacement, i.e. mter units
whereuy fuels such as clectricity and o0il get

multiplied by higher cfficicncy factars that ars not

trontaed merely in calorie equivalent terms, Moreover,
one motric tonne of coal in India is standar&ised to
have L000 kile calories per kg. as campared to U,N,
convaention of 7000 k Cal/kg).

5.14 The consumption noms -~ i.e. the ensrgy
consumec in mter per motric tonng of product « are
the highest for non-ferrous bazsic metals. Herg
aliminium production is included which consumes

anp o ximately 16,000 (kwh)/kilo watt hour or units
per toane, Textiles comes next if we measure textiles
by weight, However, if measured in mqtrgs,hﬁhe no mm

is 1.086 nor thonsand mot resa



able 5,4: Consumption of Energy by Large Enerj; —————————
Consuming Industries & Noms of
Consumption 1973-74

Indust ry Coal Fuel E&lectri~ Total Value Energy Consump-
& Coke 0ils city Energy@ Addgd Inten- tion#*
(million tonne coal ®10°) sities Nomms
ropl acement) (Tonne (per
per Tonne of
' 000 Rse product)
Value
- Added
Textiles 2,38 Te 02 4,65 0,05 96 25 0a082 3.53

Fertilizers®* 3,73 0,40 2407  3.20 523 6,12 1,07

Inorganic
Heavy
Chemical s 3. 30 0e 40 0.0Y 1,553 4802 3,30 1.42

pulp & papur 1.47 04 26 0.088 2,63 069 2,96 2.54

Non-farrmous
Basic Me uals Oe 23 Ne 24 26 47 2458 304 779 6,05

Iron & Stoel 5,76 006 3,11 8,73 44090 2.21 191
ALl uminium D21 Q.ZJ 2,27 2,68 163 15 83 N,A.

» " B e A et b A v e s w et h et P ey i S e Fb Ak e ” e e e ST o o W M e T il e i aa trm e o r e+ g - et e e e . e = e e e

Notes: 1 mt of fuel o0il = 2 mtcr; bkWwh = mtcr;
1 kg of coal = 5730 K Cal.

* rafers to 19790
##* Excludes foed stock
@ includes Diesel 0il consumption also.

These data have bgen compilced from the available published
data in annual Survey of Industries, census sector,
10 Volumes, CeS.0.

.'.n-.'n_m—a»..‘——-——-o—_..—-——.-——--—-—-.——.._.....—..—..n-.-.—..——..—...-._—.-.._v-——-«._-—...-o—-.«-—.—.——.«—.-‘

Factors Affeocting Energy Intensities/Encrgy
Consumntion Noms in Industry

5415 As sven above (Table 5,1), energy intensities have
increased in the industrial sector from 1,18 in 19605-61

to 1,50 in 1980-01, measuredin tonne coal replacement
per fses 1,000 of valuec added. There are also reports that
in India, energy intensitics (ratio of energy consumption

to valuo added in indﬂstry) arec large compared to other -
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developed and developing ooﬁntries. This is ®ather
surprising considering the labour-intensive technolegies
that arc often useds, Moreover, 36 per caent of the

value codded is in the unregistered sector. These
aspocts have been examined and the following points

are cinsidered relevant to explain, the increasing

level of energy intensity in India,

5,16 The increasing intensities in the manufacturing
sect ™ vor the last 20 years have increased. The
largs efsrgy consuming industrics have been increasing

their sharce in the total valuce addsde Even within the
laryo chergy consuming industries sector, grouwth rates
of industrics which consume more energy ner unit
valusc-addad are higher than the grouwth rates of
industrice which consume lesscr energy such as
toxtiles. Table 5.5 clucidates this point quite
clearly. Thus =2lthough large cnergy consuming
industrics have been contributino rcughly 35 per cent
of velue added for the last 303 vecrs, the

Cgmpggit;gn of the LEC has Saon changing,
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able 5,5: Sharc of Individuel Large knergy
Censuming Industrics in Total
Value added by them

Percentages
1¢50-51 166061 1970-71 1960-.81 19G1=87
Textiles 64,75 51,03 37417 41,22 30,51

Paner ~nd Peper
Procdiizis &

Allimi Industries 6,80 Go 36 9,31 b.74 7.710
chemle=als and ,
Chemicsl 2roducts 10.19 13,75 22,84 23,74 25,60
Non.mot-11lig

Minural »rcducts 4,74 7,22 7.09 5,72 577
q““i”l;utﬁl

Indusiriss & _

Metal vrocdiucts 13.45 15,08 23.50 22,80 22,95

-~

S.urces National Accounts Stzatistics 1904
and previous issues

G 8 ¥ GO DD T A S 09 030092360 B8BCTSEeD0D PP NOS8AsCEEPELEOBOANDESS

5,17 Secondly the share of the Non-LEC (Table 5,2),
which arc¢ more encrgy-inteneive than the unregistoerad
sector, is alsc increasing.

5.10 Jyoti parikh has stated some more recasons for
increasc 1in thu-Energx/Uéluo acidud retios compered to
the past which include (a) slow increass in wages;

(b) controlled prices for some of the outputs; and

(c) increasc in consumptisn noms. The increase in
consumption nomms may be partially due to improvemants
in guality of prmoducts and partiai-; due to substitution

Af nan.eommoreial scurccs 0F ONOIGYe.



5.16 The noms of energy consumption for producing

a given pmduct i.e. energy consumed per unit physical
output are importent indicators of the cnergy efficiency
of a given technology. These consumption norms depend
Upon varpious factors like production technology and
nlent rajecity, capacity utilization, quelity of pIoducts
ang pooduct mixe Slow ihprOVements in the technology,
smeil ~nd uncconamic scale of production, fall in
Cayac.:/ utilization due to infractructural or other
corcstraints, increased use of coal instcad of gas or

0il and decreasing quality of csal are some of the
factors that have affocted adversely cnergy efficiency
of Inzdian Industrics. . The existing technology in many
of our industrial units c.g. toxtiles, cement, eotc, is
obsolcete and also does not have economics of scale,

5.20 Table 5,6 shouws a compzrison of energy

consumoed per unit of production for various countrics,
It is truc that the stete of technolosgics in various

countries may beo varying éubstantially and therc may

be problems of measurement and comparison of energy

useg betuwcen count ries, The fact is; houever, obvious that
India consumes mare cnergy per unit production of crude
stcel, aluminium, pulp and pancr and cemcnt compared

to most developed countries. This may be for want of
energy-cfficient technolonies, advantages of economies

of scale or due to greater fluctuations in capacity
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utilization, 'Electricity consumption per dollar of
value added is very high compared to the developed
countrics, It is sspecially high in the case of

thermal unergy use. This may be bebausec of

inefficient usa of energy duec to old technology, bad
maintenance and joor quality of coal, Moreover,

indust cics beszd on natural g=e oo 2il arce much less

in Iu.ir compared to Western and Zastorn Europe.

Natuoa!l 528 and 0il ere more efficicnt fuels compared

to C.2l ! Jycti parikh,(planning Commission), Hoﬁavar,
in individual industries the norms of anergy consumption'
are guiting lower for new plants nossibily dus to

better technology of production,

5, 21 Energy efficicncies in the large ere rgy

consuming industrics are thus higher by international
comparisons but are improving over time, Bokaro Stecl
plant consumes 1.1S tonne cf coal ner tonne of product

as compared to 1,64 tonnae in ITSCR and 1.42 tonne in
8hillai. The consumption of coval in cement plants
using dry procuss is much lowsr as compared to the
wet nrococss plants, Thore are, however, a lot of
fluctuations in energy cfficiency From year to year

due to changes in capacity utilisaticn in some of these

incustries,



Changes in Nomms for Coal Consumption:

S.Qﬁ A brief review of ths factors affecting

Nomms in important coal consuming industries is carried
out.

Steel Industry: The noms for coking coal consumption
per tonne of hot metal in the steel
industry hes not changed significantly
over the past feuw yecars and has avcraged
2,00, This could dcteriorate if the ash
content of coking coals decline.

Tabiz 5,61 International comparison of Energy

Efficiency in Ingustries

Country Crude Pajer Cement Aluminium

I Steel & puLg

Austria 450(1) 344 99 1346

Canada 555 673 95(ad) .o
(143 (u

Denmazk 236 353 164 (w .o

Germany’ 326 436 91 1431 & 1503

India 1161(4) 1130 170(w) 2255

Ircland ( 149 .o 155 .o

( 167(x)

Italy 334 340 95 .e

Japan 513 512 127 1365

Laxemburg 701 .e 6o oo

Netherlands 470 ‘e 131 1290

Neuwzeoaland 738 692 175 2165

No ruay 169(e) 655 115 1591(e)

Spain 150( e) 223 133 28006

Sueden 398 4G5 149 1640

Suwitzerl and v9 557 . o

Taiwan 4G5 476 115 1464

Turkay 500 .o ( 93(d .o
(139(w

United 478 627 138 2107

Kingdom )

dnited States 533 579 751 8949

S

Notes: ga

Eluctrlclty only;
Scrap Iron;
Dry Procese.

W

s o et > v ot —— . — i oy O P et P S Wb

(Q) Plg Iron;

( S Wet process;

Source: Parlkh and Chaitanya, Epw (Vol. 15 No IT)
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is, however, possible to cffect reduction in

the nomm through the follouwimg:

(a)
(5)
(c)

5,22

Increasod volume of blending of imported and
indigenously produced coking coal;

Operation at higher blast furnace temperature; and
Optimel sizing of orc.

With an increasing prosortion of cement
production capacity buing basaed on dry procoss
plants, average coal consumption per tonne of
cement should deecline. Houwsver, the growing
prmoportion of dry process copacity would mean
that the averags power consumption would increase.
It is anticipated that cry-non-dry process mix
is likely to preveil in the ratis of 90:10 by
155455, @As a result of this change the
modified consumption :noms suggest a decline
of coal consumption by 10 per cent and an
increase of power consumption by 10 per cent.

Fertilizers

5.23

Any expansion in coal-tascd ammonia making
capacity and new generation of fertilizer plants
using coal for steam—raising can effect the
consumption nomms and the demand for coal by

the fertilizer industry,

paner Industzry

5,24

Coal consumption in the pa,er industry msan be
reduced through the follicwings

(a) installation of Cogeneration Systems;

(L) installation of soda reccvery boilers; and
(c) system efficiency. '

The introduction of efficient cogeneration
systems could lead to a roduction in demand for
grid electricity., The samc would be true of
the pOL industry and the toxtile industry,

Brick-Indust v

5,25

With coal of high volatile matter, low ash and
calorific valuc of around 4530 K Cal/kg the nom
is about 17 tonree pox 1 lakh bricks. But this
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nymm, accordingy to the National Buildim
Organisation (NBO) is inflated by the Lbrick
Jndustry to ensure that it getsthe sosal,
Howsver, the poour guality and calorific value
of coal currently being supplied to the kilns
avsrages less than 3000 K Czl/kg, This hes
rosulted in a higher nomm over the past three
ycars of atout 22 tonnes of coal per 1 lakh
drickse

Coal consumption can be roduced in the brick
industry by the followings

(a) eévailable new brick kiln designs which
regduce specific ccal eonsumption by 8 to
19 ner.cent. Tausz ove; however, based

on the use of Gr=rdc . (o=2ls
5) prometing tho ves oF Fly ash bricks,
R ¥ 3
The dispersed natursy o7 the industry makes it

difficult for innovations %5 ko commoncial ized
on any significant scalo,

Enerqy Prices and Industrics:

5,26 Fricing of Energy has a2 direoct impact on the
cnergy consumed by the industries. If can lead to
inter-fucl substitution, encryy zonreorvation or ehange
in the product mix. Somc 2f the industries éan introdumss
conscrvation measures mcrely by appropriate process
manajcemoent, full cepacity utilisation, etc., Such
industries can bring doun encrtgy consumption without
any additional hardwarc., The irdustrics can as well
switch over to less expensive cnergy forms such that
cncrgy costs are minimiseds Thirdly over the longer
neriod, the inéustrial~mix mey change touwards less

cneryy consuming activitics,



Tehle 5,73 Prlcn Indices in tho Encrgy Sect;r ““““““““
(1570-71=100)
Year All Manufac-~ (oal Electri~ pPetro. Furnace
%ammsdities %urlng (11.47)  city 1 cum 0il
Yol 45G,74) (24,00) (6.02) (4.00
(1020, 00) ) )_ )
1961.62 55,2 6042 59,6 66 46 71,0
1662463 57.3 62,0 62,5 72,6 73.3
1963-64 60, Y GE,4 6640 76,6 80. 9
156465 67,5 70e 0 69,3 757 81¢2
1965.60 72,7 74,4 72,5 83,2 83.5
196667 52,0 83,4 76,5 S1e4 00,6
166766 92,4 92,7 0G, 1 92.2 81,47
196065 51,3 $2,0 103, 2 95, 4 93,8
156570 54,08 53,1 50,9 - 55,0 97,1
1670671 1070, 0 100, 0 1006 O 100, 0 10040 10040
197172 135.6 10545 103, 2 102.5 130.2 111.4
167273 ~116,2 121. S 1125 1057 142,0 113, 3
1673-74 135,7 1355 124, 5 1113 31741 15047
157475 374,9 . 16L,L.0 146,6 137,2 636.5 300.4
167576 172,65 171.2 135,70  158,1 700.,3  377.0
167677 176,46 17562 - 157,00 17,1 740.3  429.7
1677-76  135.C 175.2 190, 4 1024 4 707.6 425,65
1670.73 105,0 179,.5 2113 205 1 002.S  432.6
197J_?Q 2174C 215.0 25346 225,46 1304,0 529.%
1960=01 25743 25763 340,60 23567 2041.6 0001
1961-02  201,3 270,6 42444 27346 2130.7 1148.5
1 \)2”\.}3 2Luo 271.7 485.—,7 328.2 1984,,\8 1185.6
1503.04 316,1 295,86 534,6 387,7 1739.5 1226,
Grouwth Rates
196162/
1879-71 €.0 5.0 5o 0 beb 3,7
Grouth
Ratas
1570-71/
1583-C4 9.3 8,7 14,7 11

Source; (0ffice of the Economic Adviser
Ministry of Industry
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5.27 ¢ricu indices in Table 5.7 indicate that the
prices of anergy have risen morc than the uholesale
srice index for manufacturing as well as for all
comrsditios compared to 1961-562, Hauevéf, prices of
clectricity have risen less than the other two fuels
nemcly coal and oil. The present pricing structure
shoul ', in principle encourage éubstitution of oil
if cual and electricity supply could be reliably
s ATAUNK Gl I
5,25 Ti: consumption of a perticular fuel is aoffected
by its oun price as uéll as by the prices of other
suLstitutable fuels., The impact of change in the
relative prices of different fucls can be cstimated
through price elasticitics ez cruss-price elasticities
of “iffercnt fusls., Given below are gstimates of:
prico olasficities of differont fucles worked out in
some of the recent studies.

1, N.D. Uri has estimated price elasticities and
cross price ckasticities of fuel demand on the
basis of 1960-71 data, His estimatos for the

mining and manufeeturing scector and for the aconomy
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as a wihnly are as under:

Manufacturing Total

& Mining ——
Ecc - 0415 - 0420
fco - .09 - 0,10
Ero - 0.4 - 0.21
t.co D13 0.11
Eco I, 16 J.15
too 0,18 Oe 24
fe Gel2 0.13
tac 0410 0. 09
20 0. 09 D4 04

Nece, Zij refers to the amount by which consumstion

of T4l fuel will changs in respeonse to a 1%
change in price of 'J‘ fuel,

c = Coal; o = 0il; = eslectricity

5.2  Above cstimatcs indicate that a 10% increase
in the price of coal would decreasc cozl consumption
by 1,5% in tne mining and manufacturing sector.and 2%
in the cconomy as a whsle. This would, however,
incrcase 0il consumption by 1,5% and 2,4% and
electricity consumption by 1% and = 0,9% ¥ESpQCtiVOly
in the mining and manufacturirg secior and the
geonomy as a uhole.

2. Gopal K. Kadekodi has uorked out own price
clasticities from the data based on input-output
Table for 1979~060. Kadekadi's estimates, which

are generally higher than those of Urifs are as undaers

fFuel pricg Elasticity
(&) Coal ~ 042050
(b) : petroleum & - 0.3002

_ Natural Gas
(c) Eloctricity : - (03506 .
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3. .yotl perikb has estimatcd cross price

elasticities of some petmloum 5roducts with respect

to crude oil price,
Fuel Consumption Cross price Elasticity

N
Y
\

Kerosene - 06072

(e
(B)  H3D (transport sectozn/ -~ 0.06
passengoer kms) ,

(e HSD (agriculture/ - 001
1ift irrigation)

Elasticity of eloctricity demand for final

i~

g ac.aption in the Input-Output Table with respect
te .l.cbricity price has hoon ostimatsd at (=) 0,608
by M N, Murthy, His estimate of elasticity of
vclectricity demand for industrial consumption with
vespectto electricity price = . 1, 469 which indicates
that a 10% incrcase in siociricity price results in
a 4,65% fall in eloctricity consumption in the
industrial sector. The impact of the price increase
is, however, swamped by thc ilapact of many other
factors. |
5430 In tﬁa recent past, fuel oil_has heen
substituted by coal e2lthough not in as big a way as
“.possibla, partly becausc of the impediments in
coal movemcnt and partly due to changes required to
burn coal in eguipment designer fo utilise fuel oil,
Since bulk purcheses of elcctricity and coal are at
.ccncessicnal.:ates, thcrc%ore,rthe prices to industries
are lower than indicated in Table 5,7. Houwever,

at constant nrices, industri..s have nou started
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pay.nu .ittlo moru than in the past particularly
for coal, This should encourage éonseruation,
5,31 The area of energy pricing has become quite
lmportant, The objective of energy planning and
managsment is to provide reliable energy supply.
Adcguate pricing policies can help in taking
anpropriate docisions for conservation measures,
appropriate choice for tcehnclogics as well as for
insustrial mix,

Juticy Implicatiens:

5,32 India is still in the initial stages of

sjor industrializotion proyrammes, Opportunitices
to utilize energy efficient technologies in India
are greater than many doveloped countries which
al rcady have well established industrial bases,
In this regard, the role and contribution of large
generyy consuming incdustrics is quite significant.,
Nevogrthel oss, the choice of suitable snergy efficient
industrial technologies in LEC sectors and greater
emphasis on Non.LEG incustries are necessary,
5,33 Szcondly location policy should take into
zccount various aspects so as to minimize transport
of energy, raw materials andfinishedhroduatso
Western region is the most industrialized but is
Qnérgy «deficient,
5.34 If the decling in capacity utilisation can
be arrested and the trend roverscd enhergy use can

bp recduced in many industrics,
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5,35 voengy efficiency can be increesed through
development of energy-efficient industrial technologies,
reduction of the energy-intensive product-mix, In
order to increasc energy efficiency, additional
invoestment may be required. It may be worth giving
industrics ingcontives for these changes, 0Our enorgy
efficizncies are gyradually improving and it should be
nossiSle to further gain momentum thfough greater
awarech.ss and nroper policies. Easy~to-imploment
hOUSu*GtDing measuras which have low or negligible
costs can hulp to éﬁ'éiféht in increasing industrial
energy eﬁﬁiciency;_;qthar:pontriq§§;pg,fgcﬁqgsiﬁan be
incrgased eapacity utilization .and cgpital imv.estment

in engrgy conserving technologins. . .. . -
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Chapter - 6

Proicctions of Commercial Encrqy Use in Industry
6.1 £stimating energy requirements of the indust ry

sector is a difficult proposition because of the
diverse industrial activities requirig% different
levels af energy consumntion per unit[output and
because of qualitative and quantitative changes taking
nlace in varinus sub-scectors of the industry sector,
Seccntly, it is also difficult to project long-temm
procuctinsn levelss Houwever, the perspective gained
thrrugn examination of histérical and current trends

of the enirgy intensities of the heaviest energy- .using
industries should heln projcct energy consumption by

the industry scctor as a whole., Tuwo altsrnative methods
have besn used for this purpose vize. (a) Macm-Method and
(b) End-Use Muthod, Foreces® of demand has been
restricted to 1985.93, the terminal year of the Seventh
plan and 1994.95,

The Macro Methaods

6¢2 Total energy, fuel-uiss, hasAbeen 10 jected
using the simple relationship between the scctoral GOp
and the fuel-uisez energy intensities ( Energy-Value
added ratis). That is, nrojected sectoral GDP for a
given year hes begen multiplied by pIo jeoted energy
intensity for that year. This simplified projection
daes not take into account the nossible changes in
the comnosition of industrius, the possible shift in
technology and the rzte of substitution of non-

commereial energy by commercial 2nergy.
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£.3 ‘ .0 Toble 3.6 wo have examined trends in the
intansity of electricity consumption in Industries.
Basad on the rate of growth of value added in
inducsiries for 1579.1582 sectoral GDp for the
industrial scctor has been estimated for the year
198%.85 and further projected for the years 1989.GQ
and *1224..55 assuming a ratc of nrcuth of 7 per cent
ag - .n in tho plan QErSQQctiyeq [t has also been
gzeurac that the intensity of clectricity consumption
will wem~in constant at 158087 level. The forecast
of oo .ctricity demand in industrics sector based on

these assumntions is given in the follouwing table.
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Flectricity Demand in Industrics 1980 - 1984

190=81  1984-85  1989-90 1984-95

1. Value Added in
industries
fss 100 crores ,
(1570-71 prices) B84.12  101.03 141,7 198,74

2, Intensity of
Elcctricity

Cansumption ~

(kuh/Ru;J go Velue

added) - 0,661 0,661 De661 0, 61
3, Electricity
" demand in TuH 55.60 66,768 93,66 131437
64 The assumptions behind constant Energy

Intensity are thst some of the Large Energy Consuming
(LEC) incustrics would grow (through installation of

new capacities) at a slouer pece than in the past,
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while esome of the technolocy intensive industries
21s. loetranics, sophisticated mechine tools ote,
invalving lower electricity input per unit of value
adde at a relatively fagter rate, In any case the

Gnurgy intensity for clectricity has remained

rey

on duzing 1975-1680., In this connection

Cun
Woriinyg Grous <n Energy policy 1579 heas observed,

“Sovrar industrislised countries have adop ted
g a goal the gradual icoucticn in the intensity
i

af ner,y consumed per it of national incomes

fiv our country alse, it i

-

nscassarny that at
ivzst inorespuct of Jiuctilcity. which is a
vaory high cost energy, there should be an
attempt to reduce this intensity (or atleast
maintain 1t) throudon vetves utilisation of
capacity, more efficiunt use of elaetricity in
the industrics scctor and by follouwing a
strategy of industrizlisatien in which LEC

"
.

industrigs fomm a diminishing

Ci

ar

e

The auplicaticns for new 4Anstellaticn of cepacities

ars alsu cluar that anpmpriate tochnolegics are selected

with due regard ta enorgy consumption, The present
acoent on incroasing the ratc of omcioyment
gencretion in all sectors would luad to 8 decreass
in cnorgy intensities. However, the policy of
ennruraging decentralised incdustrial gn;uth'may
imnede the fall in clectricity intonsitics,

Nomend projections four Coal and Oils

&)

6.5 Using the similzr relationshin betucen th

valuc~added by the industry secinr and the onergy

intensities focr oil and coal, ‘emand for oil and



Valuye Added in
Indust ries

Rss 100 [rocrus
(1576.71 nricas)
Enu:?y Intensity
(ni1)

Encryy Intensicy
(Coal

0il purand
(millipn “unnes)
FJ N *L ’_‘;L“ ‘ "!

(millicn N nnes)

6.6

in:‘n at v

it has be=an

Actual

Q
L]
jos )

has becn pr jected
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projected

1975-76 1580-81 1584.85

1989-50 199495

66,08 84,12 101,03  141.7 198,%4
073 064 + 064 +064 864
0. 766 u578§ 0.813 0.837 (862
4,82 S, 28 6,47 8.07 12,7

50.62 56,347 82.74  118.6 17143
ascumcd that the encrgy intensity

of 0il will remain constant inspite of tho policy to-

restrict the use of furnace oil among new industries

on tbuhnlC‘l reasohs alone and to encourage the shift

from 011 to coal in solectud

industrics,

Fastar

growth of o mustlc crude sgroduction ﬂurlng Sixth plan

and recent relaxation in palioy for installation of

DG Sets for gaptive power gencration in sel scted

industries for imprgving their cepacity utilization

are important

intensitios may not J(Cllno as

cong

r(..l"}t .oNno t_;

assume that oil

assunad by fhe bWorking

Group in 1679 although 0il consumption for captive

power is not taken inta account for computing oil

intensities.

On the

other hand coal intensities

will increasc nuc to gradual switch from nmon-

4

commercial to

commercinal

encrgy and e

ssar availability
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of high grade coal ¢f ~i°h calomilfic value,

€.t Tt mey be mentisned that WGEp had aexamined the
cuoal rdomand suparately for the steel industry and rest
of “r. injustrial sector becausc stccl industry today
consid.3 amsund 20 per cent of the total coal
pr.ducticn anc that the consumption of coal per unit

of voon. addod by steel industry is very high.

Sl coal can be substituted by fFfuel oil of
redgy o el thoe woight of coar uses. Therefore,

WGEe . oulcrred to estimate coael end oil demand for

the imusT oy sector excluding stuzl by taking the
com2in 0 intensity of coal and oil.

6.8 It is cifficult to grsdict how value added pef
unit of scutput wuld chanje in fulure, To overcoma
thiszljy"ti perikh in his modal on oncrgy demand for
the Industry sgctor cstimated snzrgy requirements
through ca%ngorising industrics into LECs and Non-LECs.
Value Added and energy cohsumption for cach sot of
industriss were estimated on the basis of aveilable
data and ehergy intensitics for czach cetegory worked
out to nroject Encrgy requirvemonte separately for LEC
and Nan-LEC industries, This method of energy demand
forecocast helps in assessing the impact of policics
designed to alter the industrial mix, pata limitations
are, howcver, guite apnarent, 0E0%s data on vealue

added in manufacturing is clubbcd in " arge sectors,



6.C Advisory Boavy on Bnexgy (ABEY) in their
Purspetiive on Demanc for Encigy in India upto
200405 (Mevembor 1984) has forscast energy demand
for tho industry sector through this macro-method.
ABE I3 derived velue Added for LEC Industries from
the a8I date and value added in NLEC industries has
bocun ~rrived at by subtracting LEC value added from
tho cotal velu: added by the industry sector, A&ctual

gn.,v intensitiss (fuelwuisc) for 1570-71 and 1578.79

hrvs bion worked out as undere
157071 1978-79
EX 2 tricity (kuwh/Re)
LeE.Ca 1.20 1446
N.L.E.C, 043346 0. 2640
0il ‘kg/Re)
LsE.Co 0.10673 0,0840
N.L.E.C. 0. 0905 0. 0392
Coal ang Coke (kg/Re)
LeEeCo 1,0100 1324
NelL oEeCa ' 0. 3356 04 2725
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6,18 It has been assumcd that thu present level of
intensitics of encrgy usc in LEC ang NLEC will
continue although it is poesikble that due to
conservation, efficicney improvamcnts and new
npIocosses, intensities in the LEL industries can be
axneected to decline, It is difficult to forecast
growth troend of sncergy intensity of NLEC which will
depend uwpon improvements in production efficiencies
and on substitutisn of clectricity and coal for

sresently used non-commercial scurces,



It is however, felt wha® ths ensrgy intensities of
'Noﬂ»LEC Sedustrice m-y b decline as tho actual
197371 2t 1578..7S £ingurcs indicate due to lack of
R & C cffurt for energy conservatinn and lack of
ingurties as tha chnorgy econsumed by individual unit
may nit be sigrificent. HNon-LEC industries consumc
375 of the clectricity amd their share is expected
to incrvegse it futura,

6,1 Encryy demand fur 2004-05 has been pmjected
by ABE for differcnt sccnarios cnvisaging the
folicwing ngutﬁ tatee for 1984-55 fo 200405,

1. Low GDP= 4 per cent compound annual Growth for

2, High GDp= 5 per cent comnound growth per annum,

3, Low LEC gmowth rate so that the share of value
Acded by LEC industrice in the total industrial
growth comes down to 30% in 2004-.05 i.e.

LEG/YIND = 30% in 2004~05.
4, High LEC = LEC/YIND = 37j in 2004~05.
6,12 These assumptlions assini twg different
stratugies of industrial growth ; (1) Strategy
aimed at moderating.gnauth in tho wnergy intensive
industries (2) Strategy to maintain high grouth rate
of LEC industrics. As the différeﬁce between the

stuatcgies gets accentuated with time, the termina
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year i.c. 2004-05 encngy consumption will be as under:-
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Low GDp  LGDP HGDP  HGODP
Low LEC HLEC LLEC HLEC
Electricity (bkuwh)
LEC 140 173 170 210
NLEC 55 53 72 65
Fuel 0il (mt)
LEC 8 10 10 12
NLEC g B8 11 10
Coal (mt)
LEC 127 157 154 190
NLEC ' .61 - &b 74 67

6,13 Tho above results indicate that in a high GDp
scenario the effoct of following a strategy aimed at
motarating grouwth in the energy-intensive industries

will result in a =saving of about 373 bkuh of>electricity,
29 million tonnes of coal and 1 million tonne of oil, |
This is the offect of reducing the share of LEC —
indﬁstries in the Manufacturing Sectcr from 37% to

35%. The policy implicetions of thesec results are

that either thc share of LEC in the industries sector
should be brought down to effect energylsaving or else
enefgy»efﬁiciencies of the LEC.be increased through

R & D offorts to roduce their consumption levels and

their encrgy intensitiss,



End-Use Methods

6.14  With the help of tho consumption nomms and
the production targets of individual industries, it
is possible to derive the energy requirements for
the individual industries. Unfortunately, detailed
fuel oil consumption noms for various industrics

arz not available anc are highly susceptible to the
priuing policizs and availability of oil, The samc
holzz 7or coal. for which.disaggrecgation is available
in “evis of 5 to 7 industries. Houwasver, electricity
conasimption forms are available in the Technical
Not;van Sixth plan, The plan document a;so gives
the targets of production for major individual
industrics in physical tems for 1964.85 and 1994-85,
The. targets of production for 1989-90 have becn
gstimated using the‘annual growth rate of thesec
induetrics for 1984-15%4. Further it has becn
assumed that the electricity consumstion noms do

not change upto 1895 bocause of

(i) expected substitution of o0il by electricity;

(ii) increase in the shares of the high quality
products in the total output; and

(1ii) expected improvements in the quality of
sroduct s,

It is assumed that the effect of increase in
eléctricit9 consumption due to thesc factors will be

noutralised thmugh eloctricity conservation efforts,
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the oleoctricity demand from

of mejor industries only,
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TABLE: El.ctricity Demand Forecast for Major Industries
from End.-.Usc Method for 1989-50 and 195495

1985 9{)

1564.5

1tom Unit (projection) (progectlan)
Produc- klectricity pmduc<s Electricity
ticn Consumecd tion Consumed in

—_— Target _in Mkwh Target  Mkuh

Coal © 1064 231 3465 325 4875

Imn ur. " 64 960 75 1125

poti L T

Pmduc = u 46,6 1444 61.4 1903

Cem- nt " 46,3 5556 65 6670

Mild stueol 15.8 11850 22 16500

Cloth 1P 16157 6744 20600 10824

mtrs,

PBossr & . )

Paper Board 109t 2123 2672 3000 4200

Nowsprint n 2563, 542 370 77

Synthetic

Fibres " 317 1694 490 2958

Nitrogenous

Fertilizers " 6354 681 97030 13678

phosphatic )

Fertlllzcrs " 2244 2581 3600 4140

Aluminium - 45¢% 91890 700 14000

Copper Refined! 58 12 75 15

Zinc " 116 487 1690 672

Lead " 35 16 50 25

- o gt et TN 4y s o n VT
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Chapter « 7

principal findings and Conclusions

In the first two decades of planning, the share of
coal in the gross commercial energy use in the
economy steadily decreased while the share of
electricity and oil consistently increased, The
pattem of energy consumption has been undergoing

a pmcess of difficult adjustments in response to

changes in the relative prices, scarcities and levels

of activity in the consuming sectors, Electricity
has been the preferred fom of energy consumption
and has consistently registered a high gmwth rate,

A close relationship exists between the consumption
of cnergy and the overall grouwth of the economy.
The rates of increase of total commercial energy
over the long run follous the sams trend as that

of GDp as well as of value added in industry,

AN important factor that emerges from the study

is the relative intensity of energy consumption

in the cconomy., The long-~temm energy: GOP
elasticity cofficients show a remarkable stability,
The energy-GDP 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 'S' curve during the

sarly phases of industrialization, It could also

‘e due to the fact that there is an element of

substitution of non-commercial energy by

gommorcial energy .in the Indian economy,

From time to time power shortages in India have
affected economic activity in both the industrial
and agricultural sectors. Coal shortages have
coused low utilization of installed capacities

in major coal consuming industries,
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The intensity of energy use in industry has
been stegadily increasing during 1953.54 to
1960~61. The increase in electricity
consumntion is the main reason for the rise in
the intensity of energy consumption,

India's industrial output has grown slouwly but
its requisite energy inputs were much higher
compared to Brazil, Kenya and Korea.

The important role of coal in our fuel-mix and
the development of heavy industries mostly explain
our high industrial energy consumption.,

Historical trends of energy consumption of some
large energy consumption industries reveal that
gncergy intensities have remained feirly stable

in the case of teoxtiles, while in the case of
inorganic heavy chemicals, paper and paper board,
iron and steel, energy intensities have declined.
There has been a steady increase in the energy
intensity of Non-Ferrous Basic Metals and Cement.
Greater volatility in the energy intensity of

fertilizers industry has been observed,

Substitution of non-commercial fuels by
commercial fuels have wresulted in higher

elasticity coefficients for commercial energy.

Actual growth rate in production of coal,
electvicity and petroleum products has been
much short of target at the end of Sixth plan
(1504-85) with the result that inter-fuel
substitution didated by the pricing structurs
wuld not be possible due to the supply

bottl znocks,
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11 The share of Large Ensergy Consuming (LEC)
industries has declined as a percentage of
the registered sector while their share has
remained more or less constant in the total
industrial sector comprising of registered
and unregistered industries,

12, Growth rates of industries which consume
more ehergy per unit value-added are higher
than the grouwth rates of industries which

consume lesser energy such as textiles.

13. Energy intensities for some of our LEC
industrics are high by international
comparisons, This may be for want of energy
gfficient technologies, advantages of
gconomies of scale or due to greater
fluctuations in cepacity utilization, Energy
aefficiencies in the LEC industries are lower
by international comparisons but are

improving overtime.

14, prices of electricity have risen less than
the other tuwo fuels namely coal and oil,
The present pricing structure should, in
nrinciple sncourage substitution of oil if
coal and electricity supply could be reliably

pmVidCdt

15, Acdequate pricing policies can help in taking
appropriate decisions for conservation measures,
appropriate choice for technologies as well

as for industrial mix,
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‘Opportunitics to utilize energy efficient

technologles in India are enommous, Energy
efficiency can be increased thrmough
development of energy-efficient industrial
technologies reduction of the energy-intensive
product-mix and improvements in éapacity
utilization,

Demand forcasts, based on different grmouwth
scenarios indicate that a strategy aimed

at moderating grmouwth in the energy intensive
industries 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 2004-05,

Past patterns of commercial energy
consumption indicate that in the next tug
or three decades, patterns of energy

consump tion will change,



Ahnexure-I

Regression models hoth linear and log lincar relating
consumption of eech energy fuel in the economy as dependent
Variable to Gross Domestic Product (GDP) as cxplanatory
Varieble were studieg enc regressed for the year 1653-54
through 1980-81 and for various sub-periods, The results
of the total period (1953-1%80) are as under:

s W i ottt o oty o e - r Yt ot T Gou e TN b b ot bk o $¥ n an O s PV 0 ot Tt G st P e e o o ey B A 45 Al pup b PP i O Gew g et S e o

Sl. Dependent Inuependent Regression Model
No, Vazigble = Variable
1e GCoal (Yq) Gop (X4q) ~log Y1 = =6,833+1.036 log X«
T Yi= 1.20340.0015 Xq
2. 0il (Y2) X4 log Yo=-16,3241,904 log X¢
Yo= 6,32+0.004 X4
., Elcctricit
3 Gy o X4 109 Yg=n24,14+2,663 log Xy

Y3=-50,6040.003 Xy

4, Total Energy X4 log Y4~a13 64 41,602 log Xq
(Y4)(Commercial) Y4=-=112.57+0.009 X1

mmwﬂp—n—~—ﬂ—~~”am—~~—ﬂ~~~nm—~nﬁu—ﬁ—nwh—~“mnmw~_~—~~—vmunnﬂ~—~
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Dependent 12 - Adjusted R2 t-values « SE DUS-
Variable _ ,
log Yq4 - 753 0.5277 1.6 = 0.055 0,936
Y 0.2 0,92 1740 7.000 0,948
Log Y2 G, 90 0. 50 33,6 J. 050 0,779
\y .50 aele 35,90 0,000 1241
lag Yz N, 90 Mo 90 32,5 0,062 0s825
Yo .38 7299 45,92 0,000 1,802
log Yg4 e 5C 1, 50 37.6  0.040 ° 1.040
Yy 0599 0459 47,4 0.000  1.957

-t fm3 R s (oY T (23 S b s (D SRS WD Ba] TR g B G b (¥ DA G s Pt S S g e o ot s T P T Ry i S

.

P S R R L]

Ti= Squarz of Correlation Coefficient;
5f = Standard srrorg
DWS = Durbin Watson Statistic

Note: Yq, Y2, Yz, Y4 relate to consumption in the
Economy as a whole,
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Regression models both linear and log-linear relating
consumption of cach energy fuel in the industrial sector

as deoendenﬁ variable to sectoral GDp for the industry
sector (mining and manufacturing) as explanatory variable
vere. also studied and regressed for the year 1953.54 through
1600~-01 and for verious sub-pericds. The results of the
total period (1953-1500) are as under:

S1. Dependent Independent Regression Model
No, Variable Variable

1. Coal (Y'4) Gop (X'4) log Vig== 6,03 + 1,21 log XY

Yty== 7,51 + 0.008 X4

2, 0IL (Y'2) (X'1) log Yo = 3,60 + 0.60 log X'y
Y'o= 3,32 + 3,001 XY
3. %lectricity (X'4  log Y'z=w12,59 + 1,05 log X'y

. Y'z=-15.60 + 0,005 X'4

4, Total Energy Xty log Y',=- 7,37 + 1,36 log X',
Y! ie
(Y%) (Commercial) Vt,=-20.10 + 0,010 X'

o or P T T D P T St g Gt D N T O gt Tk S NP e S T 0 1F U g vd T P e WP s ot WY e (s TP P PSP ey Sap D B Do g G S ot e e et S e SR P b B ek

Other related results are as unders

e S ) PPt St s s e s P (U o = P S ey G e o s S B e B S0 g e S W BT e, TV et O Gt Gt G HIS Gn0 f e e WS T S e G D S S B S Gyt s B e

Dependent r2 afjusted RZ2  twvalues SE DWS

Variable

leg Y, 0457 9,97 31440 N 030 1420

lag Yy 0.03  0.02 11417 0.06 093
Yt Ce74 0e73 €.7 0,000 ° 0,06

lrg Yig 3, 96 0, 90 30,09 0.04 4,20
Yz 0,50 04 50 35,03 0,000 0s03

log V'  Ce9% 0,59 51420 0,026 1,19
Yty 0,99 0. 59 46,74  0.0003 1.30

r2 4= Square of Correlation Coefficient;
S € = Standarc £ rror;
DWS = Durbin Watson Statistic,

Note: Y 1 Y12, Ytz, Y!4 and X relate to the
Jus»rlal sector only.
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