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. CHAPT&R 1 

INTRODUCTION 

Energy is a vital input in all fields of economic 

activity. Growth in energy consumption is often used as a 

physical indicator of economic growth and availability of 

energy is considered as the most important prerequisite for 

economic development. While the importance of energy as a 

crucial input has always been recognized. energy sector as 

such did not receive much attention till the end of the 

sixties. The awareness that natural resources are exhaustible 

and they become a limiting factor in growth is of relatively 

recent origin. The Club of Rome stud~ has highlighted the 

limited availability of non-renewable natural resources. The 

study estimates that Global Coal reserves are expected to 

last for 111 to 2300 years and Petroleum and Natural gas 

reserves for 20 to 50 years depending on the assumptions made. 

This awareness of exhaustibility of resources together with 

the sharp hike in Petroleum prices in 1973. resulted in a spurt 

of studies on the energy sector. A large number of studies. 

that have come out. pertain to demand forecasts of energy and 

a few deal with the substitution possibilities amongst various 

fuels. 

1 Donella H. Meadows et al. The Limits to Growth. 
New American Library. 1972. 

1 
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1.1 Energy Studies in India 

In India also in the seventies a number of studies have 

come out mainly dealing with demand forecasts. Before the 

seventies, the one significant study2 on energy is by the 

National Council of Applied Economic Research where demand 

forecasts for different types of energy are given for the 

years 1965-66, 1970-71 and 1975-76. Demand was estimated for 

different regions and for the broad sectors of economic 

activity. •second India Studies - Energy 1 J deals with the 

present use pattern of energy and provides estimates of demand 

and availability for various types of energy for 2000 A.D. The 

study estimates that the energy required in 2000 A.D. is ten 

times that of the energy used in 1970-71 in the Indian Economy. 

It also shows that the need to find a substitute for Oil is 

inescapable. Tyner4 in his study traces the relationship 

between energy consumption and national income in India for 

the period 1953-54 to 1970-71 and finds that an increase of 

one million TCR of energy would result in the increase of 

nearly Rs. 6 crore of national income in 1960-61 prices. After 

reviewing the progress of the power sector over the four plan 

periods, he observes, that the heavy shortfalls in the planned 

power target, have constrained both agriculture and industrial 

2 Demand for Energy in India. NCAER, New Delhi, 1966. 

J Parikh, Kirit. Second India Studies: Energy. 
Macmillan and Co., Delhi, 1976. 

4 Tyner, Wallace E. Energy Resources and Economic 
Development in India. Allied Publishers, Delhi, 197S. 



growth. He argues that heavy emphasis should be put on the 

power sector and specially on Coal-based thermal power. He 

recommends that India should pursue a strategy of increasing 

domestic Oil production by leasing the_ off-shore areas to 

foreign Oil companies to minimize the investment liability. 

Pachauri5 in his study brings together the demand estimates and 

resource potentials, pertaining to various agencies and examines 

the new technologies and alternatives that India faces in the 

Energy sector. Henderson, 6 in his study, undertaken for the 

World Bank, reviews the energy resources or India and the trends 

in the supply of energy in the decade of the sixties. He also 

deals, in detail, the policy and prospects tor the Fifth Plan 

period. He finds that the energy intensity has increased !rom 

0.57 to O.SO !rom 1960-61 to 1970-71 when energy is measured in 

MTCR and output is measured in billion rupees (lOS Rs.). He 

further analyses the change in te:nns of changes due to compo

sition of output and energy coefficients. Out of the total 

increase or 81.4 MTCR over the decade, output changes account 

for 55.4 MTCR. Ashok Desai? analysing the source of growth or 

energy consumption !rom 1955 to 1970 finds that 58 per cent or 

the increase in energy consumption during the period can be 

5 Pachauri, R.K. Energy and Economic Development in 
India. Praeger Publishers, New York, 1977. 

6 Henderson, P.o. India: The Energy Sector. Oxford 
University Press, Delhi, 1975. 

7 Desai, Ashok V., "India's Energy Consumption and 
Trends," Energy Policy, Vol. 6, No. J, 1978, PP• 217-230. 



attributed to net domestic product (NDP), while 42 per cent is 

due to change in energy intensity. 
g 

Chitale and Roy in their study, 'Energy Crisis in India' , 

besides providing forecast of energy consumption and comparing 

it with other forecasts, dwell at some length on the behaviour 

of energy consumption per unit of output intertemporally and 

across countries. One surprising outcome of their analysis is 

that Indian industries by and large, consume more fuel per unit 

of output than their counterparts in the U.S.A., though the 

level of mechanization and automation is extremely high in u.s.A. 

as compared to India, thereby indicating that there is consider

able scope for conservation of energy in India. They are of 

the view that energy input in the industry can be reduced by 

as much as 20 per cent. They also give the energy coefficients 

for some important industries for the period 1965-66 to 1971-72. 

With the high price for Oil and its consequent impact on the 

balance of payments situation, the study also examines the 

interfuel substitution prospects. The interfuel substitution 

programmes based on what they call technical guesstimates, would 

reduce the demand for Oil from 4S million tonnes to 42 million 

tonnes in 1985-86. 

The major focus of the above studies is largely on the 

commercial energy use and the fuel policy pertaining to commer

cial energy. 

8 Chitale, V.P. and Roy, M. Energy Crisis in India. 
Economic and Scientific Research Foundation, New Delhi, 1975. 
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1.2 Non-commercial Energy Studies 

In the Indian context, where majority of population 

lives in rural areas, the non-commercial energy has a dominant 

role. Non-commercial energy while did not receive as much 

attention as commercial one, is not altogether neglected. The 

estimates of consumption and supply of non-commercial energy 

were made first by National Council of Applied Economic Research9 

and later by the National Sample Survey.10 There are number of 

studies,11 which have made a closer scrutiny of the various 

forms of non-commercial energy, dealing with the cost-benefit 

9 Domestic Fuel Consumption in Rural India. NCAER, 
New Delhi, 1965. 

10 National Sample Survey No. 141, Tables with Notes on 
Household Consumption of Fuel and Light. Delhi, 1969. 

11 Vide for instance the following: 

(a) Baran, c. Energy, Employment and Basic Needs: 
Discussion Paper No. 53. Centre for Development Planning, 
Erasmus University, Rotterdam, 1980. 

(b) Bhatia, Ramesh. Energy and Rural Development in 
I(ndia: Some Issues. Institute of Growth, Delhi, 1975 
Mimeo.). 

(c) Bhatia, Ramesh, "Economic Appraisal of Bio-gas Units 
in India!" Economic and Political Weekly, Special Number, 
August 1~77, PP• 1503-1518. . 

(d) Desai, Ashok v. India's Energy Economy: Facts and 
Their Interpretation. Centre for Monitoring Indian Economy. 
Bombay, 1980. 

(e) Domestic Fuel Consumption in Rural India. NCAER, 
New Delhi, 1965. 

" (f) Reddy, Amulya Kumar N. and Prasad K. Krishna. 
Technological Alternatives and the India Energy Crisis " 

Economic and Political Weekly. Special Number August 1977 
pp. 1485-1502. , • 
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aspect, the employment potential, the basic needs and the 

standard of living of the rural population. 

1.3 Energy Studies by the Government of India 

The energy problem, naturally received attention from 

the Government of India. Long before the fuel crisis, in 1963, 

the Government of India appointed a Committee12 to provide basic 

material for development planning in the field of energy. The 

report of the Committee provides estimates of demand and supply 

of energy, both total and in respect of all the constituents of 

energy on a national, regional and sectoral basis for the years 

1970-71, 1975-76 and 1980-81. It also considered the develop-

ment of the power resources and the question of fuels for 

thermal power stations, the location and sizes of the power 

plants. Even with the relatively low p~ices of Oil, then 

prevailing, the Committee felt that the increased Oil use is 

certain to cause the balance of payments problem and recommended 

that measures be taken "to produce and popularize the use of, 

for domestic purposes, of commercial fuels based on indigenous 

Coal supplies".l3 The Committee further examined the replace

ment and the conversion factors of various types of fuels taking 

into consideration the Indian experience and provided these 

estimates. 

The Government of India subsequently appointed a Fuel 

12 India (1965). Report of the Energy Survey of India 
Committee, New Delhi. 

13 Ibid., pp. 164-165. 
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Policy Committee14 in 1970 to provide estimates of demand and 

supply and to.stu~y the efficiency in the use of fuels. This 

Committee submitted its report in 1974. The report takes into 

account the multifold price hike in Oil in 1973 and provides 

energy perspectives upto 1990-91. The Committee report high

lights the necessity for a regional energy policy as a part of 

a well-conceived regional development policy. 

The National Committee on Science and Technology15 also 

appointed a team to look into the energy question and the team 

submitted, to the Committee, a report on the Fuel and Power 

Sector. The report goes into the technical aspects of fuel 

efficiency and suggests how fuel can be economised by recycling 

energy from one subsystem to another within a unit, where heat 

is required at different temperatures for different subsystems. 

In December 1977 the Government of India set up a Working 

Group on energy policy.16 The major thrust of the Working Group 

was directed towards curbing the consumption of Oil to the 

minimum possible level by increasing the efficiency of its 

utilization and by substituting it by renewable sources of 

energy. The Working Group also recognized that there is a need 

for reappraisal of the economic development strategies so that 

14 India (1974). Report of the Fuel Policy Committee, 
New Delhi. 

15 National Committee on Science and Technology, Report of 
the Fuel and Power Sector, Technology Bhavan, New Delhi, 1974, 

16 India (1979). Energy Policy Report of the Working 
Group, Planning Commission, New Delhi, 



energy can be conserved by appropriate choices of technological 

and locational policies. 

1.4 Importance of Regional Aspect 

India is not only a large country, but it has a variety 

of climatic zones as well as soil, water and geological condi

tions. As the availability of natural resources is different 

from region to region, the use of different energy forms are 

observed in various parts of India. Not only the forms of 

energy used are different, but the intensity in which it is used 

also vary from region to region. Such a variation can no longer 

be neglected as energy is becoming increasingly scarce. Hence 

the analysis of the energy problem for India, needs to be done 

at the regional level as well. 

A brief survey of the major studies on energy sector in 

India, presented earlier, deals with the demand forecasting and 

energy policy for the country as a whole. Except in the field 

of demand forecasting, there are no studies in India on the 

problems pertaining to energy, at the regional level, though 

the Fuel Policy Committee and the Working Group of the Planning 

Commission have recognized the importance of the regional 

dimension in analysing the energy problem. As Miernyk et a11? 

have observed, "Energy has not been thought of as an important 

locational determinant in the past, except in a few capital 

intensive electrolytic processes. 

17 Miernykl W.H., Giarratan1 9 
Impacts of Ris ng Energy Prices. 
Cambridge, 1978, p. 3. 

But it is likely to be one 

F. and Socher, C.F. Regional 
Ballinger Publishing Company, 
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of the important locational determinants for a fairly wide 

range of manufacturing activities in the future." 

The present study therefore sets out to examine the 

interregional variations in fuel consumption and the effi

ciency of the existing technologies in the regions from the 

energy point of view. Before elaborating the objectives of 

the study, a brief review of the literature on the regional 

energy analysis is given below. 

Miernyk and others18 have studied the impacts of the 

rising energy prices at regional level for the u.s. economy. 

Their study has been carried out with the basic hypothesis 

that the new structure of energy prices will have differential 

regional impacts due to regional variation in energy produc

tion, consumption, industry-mix, etc. They argue that the focus 

of regional growth is likely to shift from demand oriented 

approach to supply oriented one. Making use of an interesting 

modification in Leontief's model by A. Ghosh, they formulate a 

model in input-output. frame to relate output to supply factors. 

The article by Lesuis, P., Muller, F., and Nijkamp, P.l9 

outlines an input-output model for energy management, though 

empirical results are not provide~. For a given sector it 

considers the input vectors of different regions separately 

18 Ibid. 

19 Lesuis, P., Muller, F. and Nijkamp, P., "An Interregional 
Policy Model for Energy-Environmental Management," in T.R. 
Lakshmanan and P. Nijkamp (ed.), Systems and Models for Energy 
and Environmental Analysis, 1983, pp. 59-69. 
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instead of one av~rage technique for the nation as a whole 

whereby import substitution between regions can be considered. 

Hafkamp, w. and Nijkamp, P.20 develop a simulation model, 

incorporating regional input-output tables wherein some pre

set goals like regional income and environmental quality are 

optimized by an appropriate choice of the energy source avail

able in different regions. 

Walton21 in his article, studies the substitutability 

between energy and non-energy inputs for the Middle Atlantic 

Region of the u.s. economy and finds it smaller than that of 

the u.s.A. as a whole and argues-that the results based on 

aggregation of regions may result in non-optimal investment 

policies. Harper and Field22 tried to obtain elasticity of 

substitution between energy and non-energy inputs for various 

regions in the U.S.A. and find that the elasticity of substi

tution betwe~n capital and energy is very small for most sectors 

and regions. The results of Harper and Field do not confirm 

the hypothesis of Walton that the older regions are characterized 

by greater capital-energy substitutability than the newer ones. 

20 Hafkamp, w. and Nijkamp, P., "National-Regional Inter-
dependencies in Integrated Economic-Environmental Energy 
Models," in T.R. Lakshmanan and P. Nijkamp (ed.). Systems and 
Models for Energy and Environmental Analysis, 1983, pp. 70-79. 

21 Walton, A.L. "Variations in the Substitutability of 
Energy and Non-Energy: The Case of the Middle Atlantic Region," 
Journal of Regional Science, August 1981, pp. 411-420. 

22 Harper, c. and Field, B.C. "Energy Substitution in U.S. 
Manufacturing: A Regional Approach," Southern Economic Journal, 
Vol. 50, No. 2, October 1983, pp. 385-395. 
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As the foregoing shows, the growing literature on 

regional energy problem largely focuses on a particular region 

rather than comparisons across regions. 

1.5 Purpose of the Study 

The main objective of this study is to analyse the 

interregional variations in the fuel consumption, (fuelwise), 

of the manufacturing in~ustries at the aggregate level as well 

as the individual industry level. It attempts to study the 

efficiency of the existing technologies of different manufac

turing industries, and also to in~icate the location for newly 

coming up industries such that the cost of fuel consumption is 

reduced. The study mainly focuses on the following questions: 

(1) What are the variables on which the regional 
fuel consumption of the industrial sector 
depends? 

(2) What is the elasticity of substitution for 
various fuels across regions for the 
industrial sector? 

(3) What is the energy efficiency of regions on 
physical and cost basis? 

(4) To what extent the differences in energy/ 
income ratios between the regions and the 
nation are due to industrial structure and 
to what extent they are due to higher 
energy intensity? 

(5) Which are the energy efficient regions for 
Heavy Fuel Using industries? 

(6) What is the optimal allocation of industrial 
output with the minimum energy cost at the 
country level? 
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(7) What is the differential impact of the 
energy price hike on industries of the 
various regions? 

The study is based on the information on the large 

scale manufacturing industries in India for 1970. The data 

are compiled from the reports of the Annual Survey of Indus

tries (A.S.I.). The detailed data for eleven fuels for each 

of the industries classified according to the highest level 

of disaggregation (i.e. coded in 7 digits) and for each region 

are available from A.S.I. reports. The latest year for which 

such detailed data are available is 1971. There are 24 regions 

(i.e. States including the Union Territories) for the year 

under study. The analysis is carried out for the industrial 

sector both at aggregate level and at the individual industry 

level for some important industries. The analysis is carried 

out in value terms as well as in energy units. The particular 

energy unit chosen for the present study is Tonne Coal Replace

ment (TCR). 

1.6 Scheme of the Analysis 

Chapter two deals with the data sources, the data adjust

ments and the considerations, governing the choice of energy 

unit. 

The third chapter presents a broad picture of fuel con

sumption at the All India and at regional level. An attempt is 

made to assess the factors that have an influence on the regional 

fuel consumption at the aggregate as well as individual fuel 

levels. The nature of the elasticity of substitution between 
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fuels is also examined. 

In chapter four the intensities of energy consumption 

and the efficiencies of energy use in different regions both 

at the aggregate and at the individual industry level are 

studied. The differences in the energy/income ratios between 

the States and the nation are examined by isolating the struc

ture effect from the energy intensity effect. 

The fifth chapter contains the analysis of the energy 

efficiency for the single industries across regions. A mathe

matical method is developed to compare the costs of energy to 

produce the same level of output between different regions. It 

compares the costs; one as the actual one and another as the 

hypothetical cost which is the cost evaluated with one region's 

fuel technology and another region's prices. This helps in 

identifying the low fuel cost technology for the inrtustry as 

well as the regions with price advantages. 

The sixth chapter deals with the optimal allocation of 

industrial output across regions for the object of the minimum 

energy cost at the country level. This has been carried out with 

the help of a Linear Programming Model. The regional economies 

are divided into eighteen sectors and the same technologies, 

except for energy sector, are assumed for all the regions, 

while developing the Linear Programming Model. 

In the seventh chapter, we propose to develop the energy 

specific regional input-output tables of order eight, which 

have four energy sectors and four non-energy sectors. The 

purpose of constructing such input-output tables is to study 
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the impact of change in prices of the energy sectors on the 

other economic activities. As these impacts are studied 

across regions, an assessment about the differential effects 

of energy price rise on the regional sectoral prices has been 

attempted. The study carries out such comparisons over the 

period 1970 to 1981. 

The overall results and the conclusions are summarized 

in the last chapter of the study. 



CHAPTER 2 

DATA : SCOPE, COVERAGE AND ADJUSTMENTS 

The analysis of regional variation in fuel consumption 

is dependent on the composition of four major sectors of the 

regional economies, viz. agriculture, manufacturing industry, 

transport and the household sector besides the availability of 

energy in the region. In the agriculture sector, the fuel 

consumption depenrls on the level of irrigation, cropping 

pattern, and the level of mechanization. In the transport 

sector, it mainly depends on the mode of transport. The 

regional variations of consumption in the household sector 

depend among others on the level of incomes, the density of 

population, etc. In the manufacturing industry sector it 

mostly depends on the level of industrialization and the com

position or industries. 

It would be instructive to study each of the above 

sectors to assess the magnitude of the differentials and the 

causes or such variation in fuel consumption across the regions. 

An in-depth analysis of each sector goes outside the scope of 

one single study. The present study is limited in scope and 

confines itself to the reg~onal variation in fuel consumption 

in the organized large scale inrlustrial sector in the economy 

of the country. 

15 



16 

2.1 Definition of Region 

A region can be defined in a number of ways, depending 

on the nature and purpose of the problem. Broadly speaking 
-

there are three approaches in defining a region and are based 

on the concept of homogeneity, hierarchy of centres and admini

strative units. These approaches often yield different divisions 

of the same geographical space. 

But,for the purpose of analysing the regional variation· 

in fuel consumption the basis for defining the regions should 

be the fuel resource endowments and similar other infrastruc-

tural facilities. But unfortunately the data for delimiting 

the country into regions on this basis is not available in the 

requisite format. Secondly, in view of the policy implications 

of the present study, it is necessary that the economic region 

howsoever defined must have matching political and administra

tive authority. That is, for any policy decision it is always 

helpful to have the economic region congruent with the admini

strative region. Therefore, in this study we have taken all 

the 16 States and the a Union Territories as constituting the 

regions. A'list of them is presented in the Table ~.1. 

2.2 Scope and Coverage of the Data 

2.2.1 Nature of Industrial Sector 

The industrial sector is not a homogeneous sector as the 

size of industrial units has significantly a wide range of vari

ation. On the basis of the size of an industrial unit, the 

industrial sector is divided into two segments in the statistical 

reporting system of the country. One part is the registered 
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or factory sector and the other is the unregistered or house

hold sector. The registdred sector is defined to consist of 

the industrial establishments registered under the Indian 

Factories Act, 1948. The said Act divides the registered sector 

into two groups. The first group covers the establishments 

employing 50 or more workers with power and 100 or more workers 

with or without power. This group is called the Census sector 

as data on all units is collected on an annual basis. The 

establishments with 10 or more but less than 50 workers with 

power and employing more than 50 but less than 100 workers 

without power, comprise the second group, termed as Sample 

sector as data are collected by sampling the units. All the 

remaining unregistered establishments belong to the household 

sector. 

The difference in these three industry sectors is not 

only in their employment size, but also in many other vital 

economic parameters. The capital output ratios, the level of 

mechanization, the utilization of capacity are different between 

these three sectors. And these obviously are the important 

factors which affect the level of fuel consumption in an indus

·- rial unit. Hence it is not appropriate to study either 

~nal or industrial variation in fuel consumption for the 

'al sector aggregatively. It is useful to study these 

tors separately. 

' Availability 

'ata relating to the Census or large scale sector 

by the Annual Survey of Industries (A.S.I.). The 
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or factory sector and the other is the unregistered or house

hold sector. The registdred sector is defined to consist of 

the industrial establishments registered under the Indian 

Factories Act, 1948. The said Act divides the registered sector 

into two groups. The first group covers the establishments 

employing 50 or more workers with power and 100 or more workers 

with or without power. This group is called the Census sector 

as data on all units is collected on an annual basis. The 

establishments with 10 or more but less than 50 workers with 

power and employing more than 50 but less than 100 workers 

without power, comprise the second group, termed as Sample 

sector as data are collected by sampling the units. All the 

remaining unregistered establishments belong to the household 

sector. 

The difference in these three industry sectors is not 

only in their employment size, but also in many other vital 

economic parameters. The capital output ratios, the level of 

mechanization, the utilization of capacity are different between 

these three sectors. And these obviously are the important 

factors which affect the level of fuel consumption in an indus

trial unit. Hence it is not appropriate to study either 

regional or industrial variation in fuel consumption for the 

industrial sector aggregatively. It is useful to study these 

three sectors separately. 

2.2.2 Data Availability 

The data relating to the Census or large scale sector 

is published by the Annual Survey of Industries (A.S.I.). The 
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classification of industries is based on the NCST basis and 

data are given upto the seven digit disaggregation level of the 

said industry classification. The entire economy is divided 

into 200 seven digit industries. The data reported are tabulated 

in seven tables, which provide exhaustive information for the 

industry. In Table 4 of these reports, the data regarding fuel 

consumption for each type of fuel both in quantity and value 

terms are given. The fuels distinguished are: (1) Coal, (2) 

Coke, (3) Coal-gas, (4) Firewood, (5) Charcoal, (6) Avaiation 

and Motor Spirit, (7) Diesel oil, (8) Other Fuel Oils, (9) 

Lubricating Oil, (10) Industrial and Power Alcohol, (11) 

Electricity, (12) Water, and (13) Other•· These data are reported 

at the State level, which is useful for studying the regional 

variation in fuel consumption. 

The Sample sector data are published for the three digit 

level of industries. The collection of data is based on the 

sample basis. The results are not given in as many details as 

for the Census sector at both regional and fuel level. The 

detailed information regarding consumption is given for Coal, 

Electricity and Oil products, mainly Diesel Oil, and is avail

able only for regions and not for individual industries at 

regional level. At the regional level the data for fuel con

sumption is supplied at aggregate level and only in value terms. 

For the household industry sector, data are not avail

able in any prescribed form. But those that are available in 

adhoc surveys and reports are scanty and insufficient for any 

worthwhile use. 
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In view of the above it is clear that only the regis

tered large scale sector is found to have somewhat adequate 

data base, for an analysis of the regional variation in fuel 

consumption at both the macro and micro levels. The latest 

A.s.I. report at the summary level is available for the year 

1979-80. The fuel data, reported therein, give aggregate 

information for all fuels together at the regional level. 

Further no physical data on energy are available in the report. 

Hence not even macro level study at the regional level is 

possible for the year 1979-80. The latest year for which the 

detailed A.S.I. data, which could be used for both micro and 

macro level studies, was for 1970 when this work was initiated. 

Subsequently the 197~ data were released. Therefore, for the 

purpose of the analysis in this study we have used the 1970 

A.s.I. energy data for large scale industrial sector. 

2.3 Data Adjustments 

The analysis of regional variation in energy consumption 

can be carried out in two ways. The first is on the value 

basis and the other one is on the physical requirement basis. 

Each type of analysis has its own ~portance. The study made 

in physical units is useful as it is free from the price effect 

and the estimates based on them refer to real or physical 

requirements. But at the same time, the analysis in value terms 

has its importance, especially in the analysis of cost efficiency 

as the various fuels are substitutes to each other in many 

instances, especially when used for the generation of heat 

energy. In view of the above, the energy studies are normally 
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carried out in both value and energy units. In the present 

study also the analysis is done in both the units. 

For the purposes of analysis it is necessary to make 

two types of data adjustments. The first one concerns the 

nature of the data reported in A.S.I. and the other relates 

to the conversion of all fuels to a uniform energy unit. 

2.3.1 A.S.I. Data Adjustment 

The A.S.I. data needs the following adjustments: (1) 

Adjustment for coverage, (2) Splitting of States, clubbed at 

the industry level, and (3) Adjustment for Electricity. 

(1) Coverage Ad.lustment : In the A. S. I. Census data 

returns of 13,542 factories out of 14,083 are received. This 

means 96 per cent of the units are covered. In terms of output, 

the coverage would be even larger as it is only relatively the 

smaller units that might not have reported. Though adjustment 

for 4 per cent under coverage is necessary, we could not make 

it as there is no way of knowing the output for the non-report

ing industrial units, output being the relevant variable. This 

non-adjustment we feel is unlikely to affect our analysis as a 

large part of the analysis is carried out in terms of ratios 

or shares where the absolute levels do not matter and these 

ratios or shares are based on as large a sample as 96 per cent 

of the universe. 

(2) Clubbed Data Adjustment: On account of the opera

tion of the secrecy clause in reporting the A.S.I. data, in a 

situation where one or two identifiable industrial units exist 
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in a region, the data pertaining to such units are either 

clubbed with a region of similar nature or the region is not 

disclosed, reporting the data under the heading 'other states•. 

On account of this form of reporting there is some loss of 

information for the regional analysis. To estimate the indivi

dual state data at each required industry level is not only 

tedious but the estimates obtained are also not satisfactory. 

However, the present study does not require this elaborate 

adjustment for the following reasons. For comparing the regions 

at the aggregate industry level, the data for variables such 

as fuel consumption, gross output are directly given and hence 

individual industry estimates at regional level are not required. 

At the individual industry level, the main interest is to study 

the fuel consumption patterns. Adjusting the clubbed data 

prorata on any reasonable basis does not serve the above 

purpose. However, the lack of this adjustment does not become 

a major shortcoming as the industry, wherever, it is important, 

is normally reported separately and when an industry is left 

out its share in output is generally small. 

(3) Electricity Adjustment: Electricity, being a non

basic source of energy, is either purchased from outside or 

produced within the production unit. The Electricity produced 

in the factory uses the fuel as well as non-fuel inputs which 

are otherwise used for the industrial production by the factory 

unit. Therefore a simple addition of the Electricity generated 

in the unit and the Electricity purchased results in the double 
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counting of various fuels. Therefore to get an accurate esti

mate of energy consumption, the Electricity produced in the 

unit should be added to the Electricity purchased and a part 

of the other fuels used for generation of Electricity should 

be subtracted. However for the purposes of analysis in value 

terms this adjustment turns out to be small and negligible. 

But, for the analysis in physical terms, we have made the 

above adjustment as follows. In the absence of the knowledge 

about the technology of the captive power plant of the unit, 

on the basis of all India technology, the factor of net 

ad~ition in energy due to Electricity generated within the 

unit is estimated as 0.5286 in energy units and is added to 

the amount of energy purchased. This implies that thousand 

KWH of Electricity produced within the unit is equivalent to 

0.5286 TCR energy units of addition to Electricity consumption. 

2.4 Different Energy Units 

An important consideration for any energy study relates 

to the selection of a uniform energy unit of measurement.There 

is a variety of measurement units for energy, such as kilo

calories (KCal), Kilo-Watt-Hours (KWH), Joules (J), Ergs and 

British Thermal Units (BTU), etc. But the problem of selecting 

a particular unit out of them becomes trivial, as there exist 

conversion factors to express one unit in terms of the other. 

However, conversion from one energy unit to another with the 

help of the conversion factors does not obviously imply one 

form of measurement of energy is replaced with the same 
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efficiency in its alternative form. So the problem of select

ing a unit which apparently looks trivial, does not actually 

remain so simple. While converting enargy from one form of -
measurement to its equivalent energy in the alternative form, 

the efficiency factor has to be taken care of. Further, the 

said efficiency factor varies over time with improvements in 

technology. 

Second important consideration in the choice of the unit 

relates to the diffe~nt sources of energy, such as chemical 

energy which is generated from Coal and Oil or mechanical 

energy obtained from Water and Wind power and heat energy 

created by sun. In expressing energy by a single unit, there 

is a loss of information about its source. These are some of 

the important considerations for choosing the energy units. 

2.5 Choice of Energy Unit 

Excluding Ergs and Joules which are not usually found 

used in energy studies, the choice needs to be made from amongst 

BTU, KCal, TCE (Tonne Coal Equivalent), KWH and TCR (Tonne Coal 

Replacement) units. KCal and BTU units give the calorific 

values of a fuel, which do not give any idea about the physical 

requirement of energy. A BTU of one fuel is not equivalent to 

the same of another fuel. The liquid fuels have the same con

version factor in calorific units, while separate conversion 

factors for almost each liquid fuel are established in terms of 

physical conversion ratios such as TCR, etc. In addition, the 

calorific unit has the disadvantage that it is a very small 

unit. For the purpose of the India Energy studies, a million 
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million kilo calories (1000 TCal or 1012 KCal) will have to be 

usedl and this hinders the arithmetic side of the study. 

Since 1 KWH was taken as equivalent to 1 TCR unit in 

India till 1960-61 and Coal is the largest available fuel, the 

choice between KWH and TCR leads to TCR only. The TCE unit 

doss not reckon with the conversion efficiencies when energy 

is consumed through devices, appliances and plants. Therefore 

Indian reports about fuel studies use the TCR rather than the 

TCE units. The TCR measure takes note not only of the quantity 

of the heat value available in different fuels, but also the 

varying efficiency in the appliances. Thus, we conclude that 

TCR (Tonne Coal Replacement) is the suitable energy unit for 

the present study. The fuelwise conversion factors in terms 

of TCR used in the present study are based on the average. 

efficiencies of the different fuels. 

2,6 Conversion Ratios 

The differences in the purposes of fuel use, the quali

ties of fuels and the levels of fuel efficiencies are some of 

the difficulties in deriving uniform conversion ratios for 

individual fuels, The major source, for the estimates of such 

ratios, for India, is the ~adev Committee Report. 2 It provides 

a detailed estimation procedure of obtaining the conversion 

ratio for each fuel from its original physical unit to the 

1 India (1965). Report of the Energy Survey of India 
Committee, New Delhi, p. 390. 

2 Ibid, 



25 

chosen energy unit viz. TCR. The conversion ratios of some 

important fuels are noted below. 

(i) Coal: In~ian Coal has a special problem as its 

heat content varies from one type of Coal to another. But the 

conversion between Coal types is avoided to retain the major 

advantage of Coal replacement unit; namely, to keep the 

reported data for the major energy source as it is. Also it is 

not possible to distinguish between the qualities of Coal used 

on the basis of the data reported. Therefore we have assumed 

all Coal reported as a homogeneous fuel. 

(ii) Electricity: A detailed study has been carried out 

by the Sachadev Committee for determining the efficiencies of 

the thermal electric plants. By considering different effici

encies and conversion ratios of the required fuel inputs for 

Electricity, the ratio of requirement of Coal per unit of 

Electricity is evaluated for 1960-61. Further, taking into 

account the factors such as average efficiency of the plant 

and the reduction in Coal consumption, the future estimates of 

the conversion ratios for Electricity are made upto the period 

1980-81. The TCR equivalent of Electricity for the period 

1953-54 to 1965-66 is taken as unity (1 TCR • 1000 KWH) per 

thousand KWH and for the later period upto 1980-81 it has been 

worked out as 0.7 TCR. We have adopted this TCR equivalent of 

Electricity for our purpose. 

(iii) Liquid Fuels: Since the conversion ratios for the 

liquid fuels, viz. Motor Spirit, Diesel Oil, Lubricating Oil, 

Other Fuel Oils and Power Alcohol, are worked out in terms of 
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Tonnes and the AS! report their consumption data in terms of 

litres, an equivalence between litres and tonnes is necessary 

to derive the conversion ratios of the liquid fuels. Using 

the NCAER study3 and Sachadev Committee Report, we have obtained 

the required conversion ratios of various liquid fuels. The 

Table 2.1 lists the conversion ratios for different fuels, 

used in the manufacturing sector. 

Table 2.1 : Fuelwise Conversion Ratios between the Original 
Unit of Reporting and the TCR Equivalent 

------ - - - - - - - - - - - - - - - - - - - - - - -
Fuel 
- - - - - - - -- - - -
Coal 
Coke 
Coke and coal-gas 
Diesel oil 
Aviation and motor spirit 
Other fuel oils 
Lubricating oils 
Charcoal 
Firewood 
Power Alcohol 
Electricity 

---------------

Original unit TCR Equivalent - - - - - - - - - - - - - - - - -
Tonne 
Tonne 
000 Cubic metres 
000 litres 
000 litres 
000 litres 
000 litr~s 
Tonne 
Tonne 
000 litres 
000 KWH 

1.00 
1.13 
0.83 
7.4380 
5.2558 
1.7212 
1.7953 
1.146 
0.95 
0.5116 
0.70 

------ - - - - - - - - - - -
A comparison of the ratios given in Table 2.1 with the 

NCST (National Committee on Science and Technology)4 indicates 

a difference only in the case of Oil Products which is mainly 

3 Consumption Pattern of Selected Petroleum Products. 
NCAER, New Delhi, 1971. 

4 Report of the Fuel and Power Sector. NCST, Technology 
Bhavan, New Delhi, 1974. 
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due to the difference in their assumed consumption compositions 

within the group of Oil Products. In any case this difference 

in the aggregate conversion ratio is not of any consequence to 

us as our study uses each Oil Product at its individual level. 

It is also important to note here that though TCR and 

TCE ratios are different due to efficiency considerations, it 

is surprising that no such difference is seen in the conversion 

ratios as given in the above reports in respect of most of the 

fuels used in the manufacturing sector. 
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Table A2.1 : Regions Covered in the Study 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Sr. 
No. 

Region Sr. 
No. 

Region 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1. Andhra Pradesh 13. Raj as than 

2. Assam 14. Uttar Pradesh 

3. Bihar 15. West Bengal 

4. Gujarat 16. Haryana 

5 • Jammu and Kashmir 17. Andaman and Nicobar Islands 

6. Kerala 18. Delhi 

7. Madhya Pradesh 19. Himachal Pradesh 

8. Tamil Nadu 20. Tripura 

9. Maharashtra 21. Pondicherry 

10. Karnataka 22. Goa, Daman and Diu 

11. Orissa 23. Manipur 

12. Punjab 24. Chandigarh 

-----------------------------



CHAPTER 3 

DETERMINANTS OF AGGREGATE FUEL USE 
AT THE REGIONAL LEVEL 

Fuel consumption in the industrial sector varies from 

region to region. This variation in fuel consumption of the 

industrial sector between regions depends among others, on 

the factors like development level of a region, availability 

of fuels and the industry~ix. A broad picture of fuel con

sumption at the All India level and Regionwise is presented 

below. An attempt is made to assess the factors that have an 

influence on the regional fuel consumption at the aggregate as 

well as individual fuel levels. The nature of the elasticity 

of substitution between fuels is also examined. 

3.1 Pattern of Fuel Consumption 

3.1.1 Consumption at All-India 

The energy sources are divided into two categories viz. 

commercial and non-commercial fuels. Though India has a signi

ficant share of non-commercial energy consumption (46.6 per 

cent in 1970), it is found to be declining over the period.l 

As the sectoral break-up for the non-commercial energy is not 

available, we present the consumption of commercial fuels alone 

in Table 3.1 for 1970-71 and 1978-79 in million tonnes of coal 

1 Report of the Working Group on Energy Policy. 
ment

6 
of India, Planning Commission, New Delhi, 1979, 

p. • 
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Govern
Table 2.8, 
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Table 3.1 : Fuelwise Consumption in Different Sectors of the 
In~ian Economy for 1970-71 and 1978-79 

- - - - - - - - - - - - -
Sector Fuel 

(In million tonnes of 
coal replacement) 

- - - - - - - - - - - - -
1970-71 1978-79 

- - - - -------- -------- - - -
Household 

Agriculture 

Industry 

Transport 

Others 

Coal 
Oil 
Electricity 

Coal 
Oil 
Electricity 

Coal 
Oil 
Electricity 

Coal 
Oil 
Electricity 

Coal 
Oil 
Electricity 

- - - - - - - - - - - - - -
Total 

Coal 
Oil 
Electricity - - - - - - - - - - -- - - - -

4.5 
4.5 

31.1 
10.9 
34.4 

15.9 
47.2 
1.4 

0.3 
7.0 
4.5 

- - - - - - - - - - -
51.4 
97.2 
48.7 - - - - - - -- - - -

Source: Report of the Working Group on Energy Policy. 
Government of India, Planning Commission. 

4.0 
28.6 
7.7 

19.3 
12.0 

50.5 
9.0 

53.8 

12.4 
78.2 

2.6 

1.9 
6.0 
8.3 

- - - -
68.8 

141.1 
84.4 - - - -

replacement. The economy is divided into five broad sectors 

and the commercial energy is divided into three fuels viz., 

Coal, Oil and Electricity. It is obvious from the Table 3.1 

that the Industry sector consumes the largest amount of Coal 
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and Electricity than any of the other sectors. In the case of 

Oil, its major consuming sectors are Agriculture and Transport. 

The In~ustry sector is found to have consumed 76.4 mtcr (million 

TCR) energy in 1970-71, which has subsequently increased to 

113.4 mtcr in 1978-79, maintaining its highest energy consuming 

position in the economy. The Transport sector is the second 

in rank in respect of energy consumption, consuming 64.5 and 

93.2 mtcr in 1970-71 and 1978-79 respectively. The Agriculture 

sector is found to have tripled its energy consumption in 

1978-79 than 1970-71. 

3.1.2 Fuelwise Consumption of Industrial 
Sector at All-India 

The fuelwise consumption data for both commercial as 

well as non-commercial fuels are available for the large scale 

industrial sector alone. The consumption composition of these 

fuels for all India large scale manufacturing sector for 1970, 

is presented in Table 3.2. The consumption compositions are 

calculated on physical and value basis. 

It is seen that Coal is the most important fuel account

ing for more than half of (53.91 per cent) the total energy in 

physical units. Next in order of importance is Electricity 

accounting for about 25 per cent followed by Other Fuel Oils. 

In terms of value, however, the picture significantly 

differs on account of the differential prices of the fuels. 

While Coal contributes twice that of Electricity in physical 

terms, valuewise the shares of these are nearly equal; in fact 

the share of Electricity (37.85 per cent) ia marginally higher 
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Tabla 3.2 Fuelwisa Percentage Share of Consumption (in Total 
Industrial Energy Use at All-India) 

- - - - --------
Fuel 

- - - -
Percentage share 
on anergy basis 

--------
Percentage share 
on value basis 

----------- - - - - - - - - - - - - - - -- - -
Coal 53.91 36.23 

Coke 1.77 2.52 

Coal gas 5.67 0.34 
Firewood 1.33 0.90 
Charcoal o.os 0.15 
Aviation and Motor Spirit 0.67 1.66 
Diesel Oil 3.16 2.t5 
Other Fuel Oils 8.37 13. 2 
Lubricating Oil 0.33 3.95 
Industrial and Power Alcohol neg. 0.03 
Electricity 24.71 37.85 

- - - - - - - - - - - - - - - - - -
Total 100.00 100.00 
-------- - - - - - - - - - - - - - - - - - -
than that of Coal (36.23 per cent). The share of Other Fuel 

Oils in value terms is 13.52 per cent compared to 8.37 per 

cent which is its share on the physical basis. 

Thus for the industrial sector, while Coal can be con

sidered as the major fuel in terms of physical energy, from 

cost point of view Electricity is equally important. 

3.2 Regional Fuel Consumption 

3.2.1 Aggregate Fuel Consumption 

Regionwise fuel consumption data are not available, as 

to our knowledge,either for all the sectors together or for the 

individual sectors. For the large scale manufacturing sector 

alone they are available from the A.S.I. reports. Therefore, 
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Table 3.3 Statewise Percentage Shares of Fuel Consumption 
for the Industrial Sector for 1970 (All Fuels 
Combined) 

------------
State 

- - - - - ------
Andhra Pradesh 
Assam 
Bihar 
Gujarat 
Jammu and Kashmir 
Kerala 
Madhya Pradesh 
Tamil Nadu 
Maharashtra 
Karnataka 
Orissa 
Punjab 
Rajasthan 
Uttar Pradesh 
West Bengal 
Haryana 
Andaman and Nicobar Islands 
Delhi 
Himachal Pradesh 
Tripura 
Pondicherry 
Goa, Daman and Diu 
Manipur 
Chandigarh 

- - - - - - - - -Total ---------
- - - - -
- - - - -

- - - - - - - - - - - - - - - - - -
Percentage share Percentage share 
on energy basis on value basis 
- - - - - - -

4.70 
6.52 

10.15 
8.03 
0.17 
1.44 
6.76 
9.48 

11.91 
3:15 
6.77 
1.58 
1.81 

10.69 
13.48 
1.26 
0.01 
1.80 
0.11 
0.05 
0.08 
0.05 
nag. 
nag. 

- - - - - - - - -
4.20 
1.22 
9.81 

11.18 
0.23 
1.80 
5.49 
8.63 

17.62 
3.57 
5.90 
1.25 
2.03 

10.70 
12.11 

1.72 
0.02 
2.12 
0.15 
0.05 
0.10 
0.05 
nag. 
0.05 

- - - - - - - - - - - - -
100.00 100.00 - - - - - - - - - - - - -
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we present the regional shares of fuel consumption, aggregated 

over all fuels, for the year 1970, in both value and physical 

terms in Table 3.3. It is found that the states which are 

industrially advanced show higher shares of energy consumption 

on value basis such as Bihar 9.81 per cent, Gujarat 11.18 per 

cent, Tamil Nadu 8.63 per cent, Maharashtra 17.62 per cent, 

Uttar Pradesh 10.70 per cent and West Bengal 12.11 per cent and 

amongst the above listed States, Maharashtra stands first 

sharing the highest share. On the other hand, namely the con

sumption shares on the physical basis, West Bengal shows the 

highest share (13.48 per cent). The other important energy 

consuming States are Bihar (10.15 per cent), Gujarat (8.03 per 

cent), Tamil Nadu (9.48 per cent), Maharashtra (11.91 per cent) 

and Uttar Pradesh (10.69 per cent). This set of States alone 

consumes 70.05 per cent energy of the total industrial sector 

in terms of value which is equivalent to 63.74 per cent when 

evaluated on physical basis. 

3.2.2 Use of Each Fuel Across Regions 

The fuelwise consumption compositions across regions for 

the industrial sector are evaluated on both value and physical 

basis in Tables 3.4 and 3.5 respectively. 

As noted earlier Bihar, Gujarat, Tamil Nadu, Maharashtra, 

Uttar Pradesh and West Bengal are the major fuel consuming 

States. Considering individual fuels, by and large, the above 

States turn out to be the major users of commercial fuels, 

though the ranking of these States differs in the use of 

individual fuels. 
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Table 3.4 : Hegionwise Percentage Share of Consumption of Each Fuel in the Industrial Sector of India for 1970 (in Value Terms) 

------------------Coal 
State 

------- - - - - - - - - - - - - -
Andhra Pradesh 
Assam 
Bihar 
Gujarat 
Jammu and Kashmir 
Kerala 
Madhya Pradesh 
Tamil Nadu 
Maharashtra 
Karnataka 
Orissa 
Punjab 
Rajasthan 
Uttar Pradesh 
west Bengal 
Haryana 
Andaman and Nicobar Islands 
Delhi 
Himachal Pradesh 
Tripura 
Pondicherry 
Goa, Daman and Diu 
Manipur 
Chandigarh 

5.14 
0.29 

12.89 
10.05 

0.43 
0.08 
7.48 
8.46 
5-.35 
2.55 

10.60 
0.77 
3.17 

13.92 
12.87 

2.27 
neg. 
.3.37 
0.17 
0.01 
0.10 

0.01 

- - - - - - - - - - - - - -
Coke 

4.68 
0.11 

36.53 
7.53 
0.0.3 
0.19 
3-47 
4.26 
8.38 
6.00 
1.93 
2.07 
1.0.3 
6.51 

14.57 
1.5.3 
neg. 
1.00 
0.16 

0.01 

Coal gas 

- - -
0.05 
5.65 

21.48 
8.05 

0.02 
11.23 

0.92 

-
0.15 

51.8.3 
0.59 

0.03 

-

Firewood 

4.95 
2.30 
4.19 
.3 .88 
1.70 

15.11 
2.20 
4.69 
6.58 

14.9.3 
0.74 
0.78 
1.1.3 

31.04 
-3-66 
0.88 
0.13 
0.56 
0.04 
0.2.3 
0.21 
0.07 

neg. 

-------------- - - - - - - - - - - -------
Total 100.00 100.00 100.00 100.00 

- - - - - - - - - - - - -
Charcoal 

1.42 
0.17 
0.70 
0.86 
0.18 
.3.30 
0 • .35 
7.24 
7.13 

66.22 
0.11 
0.56 
0.52 
1.65 
7.62 
0.26 
0.19 
0.60 
0.48 

0.43 

0.02 

- -

Aviation 
and Motor 
Spirit ------

4.95 
1.73 
2. 57 
5-30 
2.27 
0.57 
1.50 
6 • .30 

)6.76 
2.47 
1.5.3 
2 .4.3 
0.72 
7.36 

18.98 
2.06 
0.02 
1.40 
0.7.3 
0.01 
0.02 
0.14 

0.18 

- - - - - - - - - - - - - - - - - - - - - - - - - -Diesel 
011 

------
2.12 
8.77 

15.64 
4.69 
0.24 
0.88 
4.83 
5.2.3 

15.07 
6.69 
.3.61 
1.2.3 
2.16 
5.76 

15.12 
1.38 
0.28 
3.20 
0.77 
1.44 
0.01 
0.82 
0.02 
0.05 

Other 
Fuel 
Oils 

2.78 
3.62 
9.09 

15.97 
neg. 

5.65 
0.99 

10.17 
30.80 
3.13 
2.07 
0.63 
0.93 
4.8.3 
6.99 
1.2.3 
0.01 
0.95 
0.0.3 
0.01 
neg. 
o.o1 
neg. 
0.11 

Lubri
cating 
Oil 

.3-13 
1.93 
6.63 

1.3.68 
0.36 
0.84 
5.48 
6.12 

19.02 
.3.48 
4.22 
2.1.3 
2 • .37 
8.37 

17.57 
2.85 
0.04 
0.95 
0.20 
0.12 
0.13 
0.20 

0.01 
0.17 

Industrial 
and Power 
Alcohol 

2.22 
4.91 

0.11 

16.59 
7.83 
0.90 
1.4.3 

41.26 
8.7.3 

16.02 

Electri
city 

- - - -
4 • .30 
0.69 
5.62 

10.85 
. 0.04 

2.2.3 
5.99 

10.05 
20.25 

4.15 
4.53 
1.93 
1.73 

11.74 
12.77 
1.46 
0.01 
1 • .32 
0.10 
neg. 
0.15 
0.04 
neg. 
0.05 

- - - - - - - - - - - - - - - - - - - - - - -- - - - -- --
100.00 100.00 100.00 100.00 100.00 100.00 100.00 

------------ - - ---------- - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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I 
Table 3.5 : rtegionwise Percentage Share of Consumption of Each Fuel in the Industrial Sector of India for 1970 (in TCR Units} 

- - - - - -------------
State 

-------
Andhra Pradesh 
Assam 
Bihar 
Gujarat 

--------

Jammu and Kashmir 
Kerala 
Madhya Pradesh 
Tamil Nadu 
Maharashtra 
Karnataka 
Orissa 
Punjab 
Rajasthan 
Uttar Pradesh 
West Bengal 
Haryana 
Andaman and Nicobar Islands 
Delhi 
Himachal Pradesh 
Tripura 
Pondicherry 
Goa, Daman and Diu 
Manipur 
Chandigarh 

Coal 

5.67 
0.33 

12.61 
7.28 
0.24 
0.04 
9.71 

10.82 
5.98 
1.78 
9.13 
0.48 
2.49 

12.18 
17.02 
1.48 
neg. 
2.57 
0.11 
neg. 
0.07 

0.01 

----------------
Total 100.00 

- - - - - - -
Coke 

------
5.56 
0.13 

36.81 
5.77 
0.01 
0.12 
2.95 
2.94 
6.28 
4.94 
5.19 
1.64 
1.02 
6.05 

18.26 
1.37 
neg. 
0.82 
0.13 

0.01 

- - - -
100.00 

----------- --------------

- - - - - - - - - -
Coal gas Firewood 

neg. 
97.77 
1.03 
0.05 

neg. 
0.16 

0.02 

neg. 
0.97 
neg. 

neg. 

- - -
. 4.55 

) 6.12 

\ 
4. 79 
2.76 
0.65 
0.75 
2.24 
4.38 
4.46 
9.82 
0.93 
0.39 
0.87 
1.52 
4.15 
0.62 
0.05 
0.25 
0.03 

I 0.42 
:0.15 
. 0.10 

i -
. neg. 

------
Charcoal Aviation 

and 1\lotor 
Spirit 

- - - - - - -
1.28 
0.12 
0.51 
0.60 
0.20 
3.35 
0.23 
5.44 
4.93 

73.41 
0.13 
0.26 
0.29 
1.19 
6.47 
0.14 
0.12 
0.32 
0.29 

0.72 

neg. 

4.77 
1.58 
2. 55 
5.19 
2.36 
0.53 
1.45 
6.45 

36.90 
2.37 
1.49 
2.14 
0.66 
7.01 

19.91 
2.16 
0.02 
1.38 
0.'17 
neg. 
0.02 
0.13 

0.16 

- - - - - - - - - -
100.00 100.00 100.00 100.00 

- - - -
Diesel 
Oil 

- - - - -
Other 
Fuel 
Oils 

- - - - - - - - - -
1.84 
9.64 

14.77 
4.24 
0.25 
0.86 
3.52 
5.13 

16.21 
5.61 
3.89 
1.32 
2.52 
4.64 

17.38 
1.62 
0.14 
3.59 
0.55 
1.15 
0.01 
1.08 
neg. 
0.04 

------
100.00 

2.56 
3.30 
8.16 

18.67 
neg. 
5.77 
0.86 

10.27 
32.21 
2.77 
1.57 
0.43 
0.83 
3.99 
6.82 
0.89 
neg. 
0.77 
0.02 
0.01 
neg. 
0.01 
neg. 
0.09 

- - - - -
100.00 

- - - - -
Lubri
cating 
Oil 
- - - -
2.89 
1.60 
6.53 

14.28 
0.23 
0.87 
5.27 
5.40 

18.89 
3.06 
3.87 
1.88 
2.36 
8.12 

20.60 
2.43 
0.04 
0.98 
0.19 
0.09 
0.12 
0.15 
neg. 
0.15 

100.00 

- - - - - - - - - -
Industrial Electri
and Power city 
Alcohol 

0.81 
7.80 

0.20 

8.73 
8.28 
0.12 
0.26 

45.56 
6.99 

21.25 

100.00 

4.73 
0.49 
5.65 
8.82 
0.04 
2.50 
4.99 
9.90 

20.16 
5.46 
5.91 
4.81 
1.13 

12.84 
10.29 
1.15 
neg. 
0.83 
0.07 
neg. 
0.16 
0.03 
neg. 
0.04 

100.00 

--------------------------------- - - - - - - - - - - - - - - - - -
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From the industrially advanced group, barring Maha

rashtra, the remaining States account for a significant share 

of Coal consumption. The State of Orissa also has a high Coal 

consumption ~hare (10.60 per cent). Maharashtra consumes one

fifth of the Electricity consumed in the Industrial sector of 

the country. Except Bihar, the remaining States of the major 

fuel consuming group, account for a significant share of Elec

tricity consumption. In case of Coke, Bihar has the highest 

consumption share (36.53 per cent) followed by West Bengal 

(14.57 per cant). In case of Coal-gas, in addition to Bihar 

and West Bengal, Assam is also a significant consumer. While 

two industrially most advanced States, viz. Maharashtra and 

West Bengal, consume more than half of the Aviation and Motor 

Spirit, in case of Diesel Oil, the major consumption of it is 

made by Bihar in addition to Maharashtra and West Bengal. 

Because of the high level of industrialization, Maharashtra, 

Gujarat and West Bengal are the major consumers of the Lubri

cating Oils. 

In the non-commercial fuels, Uttar Pradesh accounts for 

the highest share (31.04 per cent) in Firewood consumption, 

followed by Kerala (15.11 per cent) and Karnataka (14.93 per 

cent). Charcoal consumption is more concentrated than that of 

Firewood in Karnataka, which consumes two-thirds of the total 

Charcoal consumption in the industrial sector of India. Maha

rashtra, Tamil Nadu and West Bengal are the other three States 

consuming sizable Charcoal with equal shares around 7 per 

cent. 
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Table ),6 Statewi se Groups on tho Di ffer,mtial Consumption Shares For Each Fuel (In-Jus trial St~ctor, 1970) 

- - - - - - - - - -
Fuel 

----------
Coal 

Coke 

Coal-gas 

Firewood 

Charcoal 

Aviation and 
Motor Spirit 

Diesel Oil 

Other Fuel Oils 

Lubricating Oils 

Electricity 

All Fuels 
(Combined) 

--------

- - - - - - - - - - -
--- -S~a~e; ~ith-f~el ~onsumption share on 

- - - - - -----------------------------------
-----------------------------------------------------------------------------------------------------v~i~;-b;;i;-;-Q~~;ti~;-b;;i;--- Value basis • ~uantity basis Value basis < quantity basis 

------- -----------------
Gujarat, Jammu and Kashmir, Kerala,Karnataka, 
Orissa, Punjab, Rajasthan, Uttar Pradesh, 
Delhi, Haryana 

Gujarat, Madhya Pradesh, Tamil Na<lu, 
.l>laharashtra Karnataka, Punjab, Delhi. 

Andhra Pradosh, Bihar, Guj a rat, .l>laharashtra, 
Orissa, West Bengal, Haryana. 

Gujarat, Jammu and Kashmir, Maharashtra,Punjab, 
Rajasthan, Uttar Pradesh, Andaman and Nicobar 
Islands, Delhi. 

Andhra Pradesh, Assam, Bihar, Gujarat, Madhya 
Pradosh, Tamil Nadu, Maharashtra, Punjab, 
Rajasthan, West Bengal, Delhi, Himachal 
Pradesh, Haryana. 

Punjab, Uttar Pradesh, Rajasthan. 

Andhra Pradosh, Bihar, Madhya Pradesh, 
Karnataka, Uttar Pradesh, Andaman and Nicobar 
Islands, Himachal Pradesh, Tripura. 

Bihar, .fvladhya l'ratiesh, Karnataka, Orissa, 
Punjab, Rajasthan, Uttar Pradesh, Delhi, 
Haryana. 

Andhra Pradesh, Assam, Jammu and Kashmir, 
Tamil Nadu, Maharashtra, Karnataka, Orissa, 
Punjab, Goa. 

Assam, Gujarat, Madhya Pradesh, Tamil Nadu, 
Rajasthan, West Bengal, Delhi, Haryana. 

Gujarat, Ja®nu and Kashmir, Kerala, 
f-1aharashtra, Rajasthan, Delhi, Haryana, 
Chandigarh. 

------- - - - - - - - - - -

- - - - - - - - - - - - - - - -------- --------------------
Andhra Pradesh, Assam, Bihar, l•laharashtra, 
Himachal Pradesh, Tripura, Pondicherry, 
Chandigarh. 

Madhya Pra-losh, Tamil Na-lu, West Bengal 

Assam, Bihar, Jammu and Kashmir, Kerala, 
Rajasthan, Uttar Pradesh, Himachal Pra-lesh, 
Haryana Chantiigarh. 

Uttar Pradosh, Delhi. 

An'lhra Pradesh, Bihar, .l>~dhya Pradesh, 
Tamil Nadu, Orissa, Himachal Pradesh, 
Pondicherry, Goa, Haryana. 

Ja~nu an'! Kashmir, Kerala, Uttar Pradesh, 
Andaman and Nicobar Islands, Chandigarh. 

An'lhra Pradesh, Assam, Bihar,_ Gujarat, Jammu 
and Kashmir, Kerala, Madhya rradosh, Tamil 
Nadu, l·!aharasht ra, Orissa, Karnataka 
Andaman and Nicobar Islands, Delhi, Goa, 
Chand igarh. 

%jar at, J a'll!liu aud Kashmir, Kerala, Tamil 
Nadu, Punjab, Rajasthan, Pondicharry, 
.l>~nipur, Chandigarh. 

An'lhra Pra~osh, Orissa, \vest Bengal 

Assam. 

Assam, Kerala, Karnataka, West Bengal. 

Karnataka, Orissa, Goa, 

West Bengal, Himachal Pradesh, 
Haryana 

Assam, l•laharashtra, Orissa, West 
Bengal, Delhi, Goa, Haryana. 

Andhra Prad ash, Assam, Koral a, Tamil Na'lu, Guj arat, 1-iaharE!shtra. 
West Bengal, Himachal Prad~sh, Tripura, Goa, 
Chand igarh. 

Bihar, Kerala, Z.1adhya Pradesh, Rajasthan, 
Uttar Pradesh, An~aman and Nicobar Islands, 
Delhi, Himaphal Pradesh, Tripura, Pondicherry, 
Haryana, Chandigarh. 

Bihar, Jammu and Kashmir, Z.laharashtra, 
Himachal Pradesh, Pondicherry, Goa, 
Chan'ligarh, 

Karnataka, Punjab, Uttar Pradesh, Andaman 
an~ Nicobar Islands, Himachal Pradesh, 
'£ripura, Pontiicherry, Goa. 

- - - - - - - - - - - -

Gujarat, \>"est Bengal. 

Andhra Pra~osh, Kerala~ Karnataka, 
Orissa, Punjab, Uttar rradash. 

Andhra Pradesh, Assam, Bihar, Madhya 
Pra'losh, Tamil Natiu, Orissa, 
West Bengal. 

- - - - - - - - - - - - -
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Because of regional price differences, share of consump

tion in physical terms would differ from that in value terms. 

To understand these divergencies, States are classified into 

three groups: (1) States with fuel consumption share on value 

basis higher than that on quantity basis. (2) States with 

consumption share on value basis equals that on quantity basis. 

(3) States where the fuel consumption share on the value basis 

less than that on quantity basis. 

The above classification of States for each fuel is 

presented in Table 3.6. The three categories represent the 

role of price differentials across the regions. The category, 

where consumption share on value basis is greater than that on 

quantity basis, the fuel prices are generally higher. On the 

other hand, the category where the said share on value basis 

is smaller than that on quantity basis, the fuel prices are 

relatively lower. 

Andhra Pradesh, Assam, Bihar, Madhya Pradesh, Tamil Nadu, 

Orissa and West Bengal are the States, constituting a group 

where energy, at the aggregate fuel level, is relatively cheap. 

On the other hand, Gujarat, Kerala, Maharashtra, Rajasthan, 

Delhi, Haryana, Jammu and Kashmir constitute a disadvantageous 

group where energy at the aggregate fuel level is relatively 

costly. 

each 

Comttosition of Fuel Consumption 
at egionai Level 

The percentage shares of different fuels consumed, in 

region, are presented in Table 3.7 on the value basis and 



Table 3.7 : Percentage Share of Fuel Consumption for Industrial Sector in Each Region {in Value Terms) 

- - - - - - - - - - - - - -
State/Union Territory 

- - -
Coal Coke 

----------------------
Coal gas Firewood Charcoal Aviation 

and Motor 
Spirit 

- - - - - - - - - ------------- --------- - - - -
Andhra Pradesh 
Assam 
Bihar 
Gujarat 
Jammu and Kashmir 
Kerala 
l>!adnya Pradesh 
Tamil Nadu 
Maharashtra 
Karnataka 
Orissa 
Punjab 
Rajasthan 
Uttar Pradesh 
\'lest Bengal 
Haryana 
Andaman and Nicobar Islands 
Delhi 
Himachal Pradesh 
Tripura 
Pondicherry 
Goa, Daman and Diu 
Manipur 
Chandigarh 

43.35 
8.61 

47.62 
33.34 
63.35 
1.57 

48.43 
34.44 
12.23 
25.15 
62.07 
21.20 
53-91 
44.97 
37.39 
46.05 
0.43 

6o.o8 
41.90 
4.38 

34-51 

10.20 

2.75 
0.23 
9.41 
1.74 
0.17 
0.26 
1.57 
1.21 
1.34 
4.14 
0.82 
3.97 
1.22 
1.47 
2.95 
2.16 
0.32 
1.26 
2.62 

-
0.73 

neg. 
1.51 
0.74 
0.25 

neg. 
0.23 

0.05 

neg. 
1.40 
0.11 

neg. 

--

1.04 
1.65 
0.38 
0.33 
6.22 
7.37 
0.35 
0.47 
0.38 
3.66 
0.11 
0.54 
0.48 
2.50 
0.27 
0.44 
7.20 
0.24 
0.21 

4.04 
1.89 
1.31 

0.05 
0.02 
0.01 
0.01 
0.11 
0.27. 
0.01 
0.12 
0.07 
2.70 
neg. 
0.06 
0.04 
0.02 
0.09 
0.02 
1.73 
0.04 
0.48 

1.27 

0.07 

1.91 
2.28 
0.43 
0.81 

15.30 
0.51 
0.45 
1.18 
3.84 
1.12 
0.41 
3.08 
0.56 
1.09 
2.52 
1.91 
1.93 
1.13 
8.01 
0.17 
0.31 
4.6o 

6.25 

Diesel 
Oil 

- - - - -
1.40 

19.88 
4.54 
1.23 
2.82 
1.36 
2.46 
1.67 
2.71 
5.19 
1.66 
2.67 
2.89 
1.46 
3.46 
2.21 

48.18 
4.48 

14.61 
78.42 
0.28 

46.o8 
30.95 
2.75 

Other 
Fuel 
Oils 

8.74 
38.98 
12.53 
19.76 

0.01 
41.30 
2.38 

15.44 
26.22 
11.52 

4.52 
6.42 
5.82 
5.82 
7.58 
9.35 
8.49 
6.32 
2.76 
3.21 
0.51 
3.43 
1.19 

30.77 

----------
Lubri
cating 
Oils 

Industrial 
and Power 
Alcohol 

- - -
2.88 
6.06 
2.66 
4.94 
5-79 
1.80 
3.87 
2.71 
4.73 
3.74 
2.68 
6.42 
4.38 
2.94 
5.56 
6.29 

10.54 
1.84 
5-33 
8.69 
5.15 

15.88 
17.86 
13.89 

0.01 
0.01 

neg. 

o.o6 
0.01 
0.01 
0.01 

0.12 
0.02 
0.30 

- - - - - - -- - - - - - ------------- - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - -
India 36.23 2.52 0.34 0.90 0.15 1.66 2.85 13.52 o.o3 

- - - - - ... 
&lactri
city 
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Total 

- - - - - - - - - - -
37.88 
20.78 
21.66 
37.58 
. 6.23 
45.56 
40.48 
42.70 
48.25 
42.77 
27.67 
55.64 
30.70 
39.61 
38.76 
31.16 
21.18 
24.61 
24.08 
1.09 

57.35 
27.43 
50.00 
35.31 

100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 

- - - - - - - - - -
37.85 100.00 

------- - - - - - - - - - - ----------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



Table ),8 : Percentage Share of Fuel Consumption for Industrial Sector in Each Region (in Energy Units) 

- - - - - - - - - - - - - - - - -
State Coal 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Coke Coal gas Firewood Charcoal Aviation Diesel 

and Motor Oil 
Spirit 

- - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - --------
Andhra Pradesh 
Assam 
Bihar 
Gujarat 
Jammu and Kashmir 
Kerala 
Madhya Pradesh 
Tamil Nadu 
Maharashtra 
Karnataka 
Orissa 
Punjab 
Rajasthan 
Uttar Pradesh 
west Bengal 
Haryana 
Andaman and Nicobar Islands 
Delhi 
Himachal Pradesh 
Tripura 
Pondicherry 
Goa, Daman and Diu 
Manipur 
Chandigarh 

65.05 
2.74. 

66.93 
4.8.91 
75.21 
. 1.62 
77.44 
61.55 
27,09 
30.40 
72.77 
16.24 
74.03 
61.4.1 
68.09 
62.98 
0.50 

77.00 
57.41 
3.93 

45.14 

-
17.77 

2.09 
0.03 
6.43 
1.28 
0.07 
0.15 
0.?7 
0.55 
0.93 
2.77 
1.36 
1.86 
1,00 
1.00 
2.40 
1.93 
0,40 
0.81 
2.15 

-
0.72 

neg. 
84.98 
0.58 
0.03 

neg. 
o.o8 

0.01 

neg. 
o.u 
0.01 

neg. 

1.29 
1.25 
0.63 
0.46 
5.05 

19.18 
0.44 
0.61 
0.50 
8.36 
0.18 
0.33 
0.64 
2.68 
0.41 
0.65 

11.36 
0,18 
0.39 

12.37 
2.48 
2.96 

0,04 

0.02 
neg. 
neg. 
0.01 
0,10 
0.18 
neg. 
0.05 
0.03 
l.SS 
neg, 
0.01 
0.01 
0,01 
0.04 
0.01 
1.53 
0,01 
0,22 

l,JO 

0.02 

0.68 
0.16 
0.17 
0.43 
9.20 
0.25 
0.14 
0.45 
2.06 
0.50 
0.15 
0.90 
0.24 
0.44 
0.98 
1.14 
2.38 
0.51 
4.?6 
0.07 
0.17 
1.91 

1.23 
4.67 
4.58 
1.67 
4.58 
1.89 
1.65 
1.71 
4.30 
5.62 
1.82 
2.65 
4.39 
1.40 
4.08 
4..07 

68.51 
6.31 

16.25 
81.41 

0.30 
76.58 
36.48 

4.53 

Other 
Fuel 
Oils 

- - - -
Lubri
cating 
Oils 

-------
4.57 
4.24 
6.72 

19.47 
neg. 

33.55 
1,07 
9.08 

22,65 
7.35 
1.95 
2.27 
3.82 
3.12 
4.23 
5.91 
2.93 
3.60 
1.50 
1.15 
0.17 
2.25 
0,82 

31.24 

0.20 
0,08 
0.21 
0.58 
0.45 
0.20 
0.25 
0.19 
0.52 
0.32 
0.19 
0.39 
0.43 
0.25 
0.50 
0,63 
1.85 
0.18 
0.57 
0.66 
0.4.8 
1.07 
4.51 
1.94 

- - - - - - - - - - - - -
Industrial Electri
and Power city 
Alcohol 

- - - - - - - -

neg. 
neg, 

neg, 

neg, 
neg. 
neg. 
neg, 

0.02 
neg. 
0.07 

-

24.87 
1.85 

13.75 
27.16 
5.34 

42.98 
18.24 
25.81 
41.84 
42.80 
21.57 
75.35 
15.44 
29.67 
18.86 
22,60 
10.54 
11.40 
16.75 
0.41 

51.26 
13.93 
58.19 
39.50 
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Total 

- - --
100.00 
100.00 
100,00 
100,00 
100.00 
100.00 
100.00 
100.00 
100,00 
100,00 
100.00 
100.00 
100,00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100,00 
100.00 
100,00 
100.00 
100.00 

- - - - - - - - - - - - - - - - - - ------ - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - -
India 53.91 1.77 5.67 1.33 o.os 0.67 8.37 0.33 neg, 24.71 100.00 

- - - - - - - - - - - - - - - - - - - - - - - - ------ - - - - - --- - - - - - - - --------- - - - - - - - - - - - - - - - - - - - - - -
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in Table 3.8 on the quantity basis in TCR units. At the All~ 

India level as also in most of the States Coal and Electricity 

figure as the dominant fuels. However, Assam is found to use 

little of Coal and relativelY less of Electricity and is found 

to use Oil and Coal~gas predominantly from the point of view of 

value and quantity respectively. Jammu and Kashmir uses very 

little of Electricity and Oil, while Coal, Aviation and Motor 

Spirit and Firewood are the dominant fuels in the industrial 

sector of its economy. Kerala also uses very little of Coal, 

while its major energy demands are met with Electricity and 

Other Fuel Oils. Firewood also plays a significant role in 

Kerala's industrial activity. The share of Firewood is 7.37 

per cent in Kerala while that at all India level is only 0.9 

per cent. The industries of Maharashtra are based mainly on 

Electricity, but Other Fuel Oils also play a singificant role. 

Coal consumption in ~~arashtra is quite low (12.23 per cent) 

in ~omparison with all India ()6.23 per cent). Though Karnataka 

has Electricity as its major source of energy, the use of non

commercial fuels is also of a significant order in comparison 

with that at the all India level. In Punjab also, Electricity 

is the most dominating fuel constituting 55.64 per cent share 

on the value basis, which is equivalent to 75.35 per cent on the 

physical basis. Rajasthan has a coal-based industrial sector, 

even though it is not a coal-producing State. 

3.3 A Statistical Analysis of Variation 

While Coal and Electricity are the dominant fuels, as 

no~ed above and the pattern of fuel consumption as a whole, is 
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broadly similar across regions, with the specific peculiarities 

illustratively noted, the use of individual fuel across regions 

show a significant variation in their consumption shares. We 

now try to analyse this variation statistically by the Analysis 

of Variance technique. 

The consumption shares of each fuel at regional level 

are affected by the size of tha region and to adjust for the 

same, we use the State Domestic Product (SDP) as a proxy for 

size. In fact, the fuel consumption considered here, relates 

to the ipdustrial sector alone. Therefore, one may think of 

income from the industrial sector as a better proxy to adjust 

for the size of the region. However, the industrial income is 

not only related to the size of a region but is also related to 

the laval of industrialization in it. Hence the use of indus

trial income as a proxy for adjustment for the varying size of 

the region leads also to controlling the level of industriali

zation which should not be adjusted for. 

The Analysis of Variance is carried out as follows. 

We have 21 regions and 11 fuels and the basic data Cij 

represents the consumption of jth fuel in ith region par 

Rs.l,OOO of its SDP. The analysis is carried out for Cij 

expressed both in value and quantity terms respectively and 

helps to test the following two hypotheses. They are: 

1. There is no variation in the consumption of 
different fuels within regions. 

2. There is no variation in the consumption of 
a single fuel across regions. 
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The first null hypothesis indicates that the industries 

within a region are not fuel specific. The second null hypo

thesis indicates that the use of a given fuel is not region

specific in the locational sense for the in~ustries across the 

regions. But the two hypotheses above are not exclusive in 

nature; they are interlinked. 

The results of the ANOVA are presented below both in 

value and quantity terms in Tables 3.9 and 3.10 respectively. 

Table 3.9 : ANOVA for Fuel Consumption 

(in Rs./000 Rs. of SDP) 
- - - - - - - - - - - - - - - - - - - -- - - - - - - -Source of s.s. D.F. Mean F Ratios * 
Variation s.s. 
- - - - - - - - - - - - - - -- - - - - - - - -
Fuels 7.43 10 0.743 21.32** 
Regions 1.49 20 0.075 2.14** 
Error 6.97 200 0.035 

- - - - -- - - - - - - - - - - - - - -Total 15.89 230 - - - - - - - - - - -- -- - - - - - - - -- - - - - - - -
*F ratio for n1•t0 and ~·200 is 2.345 at 1% level and for 

n1•20 and ~·200 is 1.92 at 1~ level. 

** indicates significance at one per cent level. 

Table 3.10 : ANOVA for Fuel Consumption 
(in TCR/Lakh Rs. of SOP) ------Source of 

Variation 
- -- - - - - - - -s.s. D.F. 

- -- - - - - - - -
Fuels 
Regions 
Error 

- - - -Total - - - -

4250448.45 10 
8490918.96 20 

43594342.26 200 
- - ------- -- - -

56335709.67 230 - - --- - - - - - - - - -

- - - - - -Mean s.s. 

------
425044.85 
424545.97 
217971.71 

- -

------
F Ratios * 
--

--

- - --
1.95 * 
1.95 * 

--
- - - -- - - - - - - -* F ratio for n1•10, ~·200 is 1.845 at 5% level and for 

n1•20, ~·200 is 1.60 at 5% level. 



45 

The ANOVA shows that the F ratios in both tables are 

highly significant indicating sharp variation in the fuel con

sumption between regions and between different fuels in the 

industrial sector. 

The implication of the rejection of both the null hypo

theses is that the industry-mix as well as the location of a 

region are the most important factors that cause the variation 

in the fuel consumption at the regional level. The higher value 

of F.for the main effect of fuel in the ANOVA on value basis, 

indicates that the prices of fuels also play a significant role 

in causing the regional variation in fuel consumption. 

Causes for Regional Variation 
in Fuel Consumption 

Having established statistically, the existence of vari

ation in the fuel consumption patterns at regional level, which 

arises mainly because of the differential pattern of availability 

and requirement, we now consider the impact of the following 

variables on regional fuel consumption. 

1) Production of fuels 
2) Prices of fuels 
3) Relative prices of different fuels 
4) Level of in~ustrialization at regional level 
5) Industry-mix of a region 
6) Level of mechanization of a region. 

Before we set up our analysis, we elaborately examine 

the nature of the above variables in the rest of this section. 

1) Production and Prices of Fuels 

Since Coal and Electricity are the two dominant fuels 

and the 011 based fuels are not as region-specific as the 
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earlier two, we continue below to consider the production and 

price data simultaneously about Coal and Electricity. 

* Coal: Statewise production, consumption shares and .......... 
also the producer prices of Coal are given in Table 3.11. It 

also provides the purchas~r prices of Coal for ~he industrial 

sector of the state economy for immediate comparison between 

producer and purchaser prices. It is observed that while Coal 

is consumed in large quantities throughout the country, the 

production of it is concentrated in certain regions only. Bihar 

produces the largest share of Coal contributing 46.59 per cent. 

Next in the importance is West Bengal (26.06 per cent), followed 

by Madhya Pradesh (17.04 per cent). All the Coal producing 

States, and Tamil Nadu, consume more than 70 per cent of Coal 

and Lignite, consumed in the entire large scale manufacturing 

sector of the country. This indicates the direct relation 

between production and consumption of Coal. 

The producer prices of Coal in different regions do not 

differ significantly from each other. The average producer 

price at the all-India level is 35.6S Rs. per tonne in 1970. 

The minimum producer price of Rs.J4.0S/Tonne was recorded by 

Bihar against the maximum of Rs.39.J6/Tonne recorded by Andhra 

Pradesh.** 

* As the A.s.I. Reports do not differentiate between Coal 
and Lignite, the consumption figures relate to both the fuels 
where production data relates to Coal alone. ' 

** d Jammu and Kashmir is the exceptional case where the 
pro ucer price of Coal is Rs.90.71 per Tonne. This abnormal 
case can)be neglected because of its negligible share (0.03 
per cent in the production. 
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Table 3.11 : Statewise Production and Consumption Shares, Producer 
Prices and Purchaser Prices of Industrial Sector for 
Coal, 1970 

- - - - - - - - - - - - - -- - - - - - -
Produc- Producer 

State tion price 
share Rs./tonne 

- - - - - - - - - - - - - - - - - - - - -
Andhra Pradesh 
Assam 
Bihar 
Gujarat 
Jammu and Kashmir 
Kerala 
Madhya Pradesh 
Tamil Nadu * 
Maharashtra 
Karnataka 
Orissa 
Punjab 
Rajasthan 
Uttar Pradesh 
West Bengal 
Haryana 
Andaman and Nicobar 

Islands 
Delhi 
Himachal Pradesh 
Tripura 
Pondicherry 
Goa, Daman and Diu 
Manipur 
Chandigarh 

- - - - -

5.16 
0.71 

46.59 

0.03 

17.04 

2.41 

2.00 

-
26.06 

-

.39.36 
38.22 
34.08 

90.71 

35.37 

.37 .80 

37.02 

-

- - - - - - - - - - -Consump- Purchaser 
tion** price 
share Rs./tonne 

- - -
5.67 
0 • .3.3 

12.61 
7.28 
0.24 
0.04 
9.71 

10.82 
5.98 
1.78 
9.1.3 
0.48 
2.49 

12.18 
17.02 
1.48 

neg. 
2.57 
o.u 
neg, 
0.07 

0.01 

- - - -
5.3.90 
5.3. 49 
60.78 
82.0.3 

107.57 
110.7.3 

45.80 
46.50 
53.2.3 
85.20 
68.97 
95.94 
75.77 
67.91 
44.92 
91.37 

200,00 
78.05 
90.69 

115.00 
88.26 

99.68 

India - - - - - - - - - - - - - - - - - - - -- - -100.00 .35.68 100.00 
- - - - - - - - - - -59.44 - - - ---- - - - - - - - - - - - - - -

* ~~ has Lignite's 100% production, but cannot be added here 
e producer's price for Lignite is 25.35 Rs./tonne. ' 

**Based on physical units of consumption (Lignite included), 
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The purchasers prices vary widely among the Indian 

regions. The minimum price is recorded by West Bengal (Rs.44.92 

per tonne) against the maXimum price (fis. 110.73 per Tonne) 

observed in Kerala. Amongst the Union Territories, Andaman and 

Nicobar Islands has recorded the largest purchaser price viz. 

Rs.200 per tonne. The difference between the purchasers and 

producers prices is largely due to transport costs. Since Coal 

producing States are expected to have the advantage of a lower 

purchaser price, it is surprising that the largest coal producing 

State of Bihar shows the purchaser price as high as Rs.60.78/ 

Tonne. An inverse relation is seen to exist between the consump

tion of Coal and its purchaser price and the rank correlation 

coefficient between const~ption and purchaser price (0.8442) 

turns out to be highly significant. 

Electricity: Statewise production and consumption shares 

for Electricity, as also its producer price and purchaser price 

for the industrial sector of the state economy are presented in 

Table 3.12. The production data in the Table does not include 

the Electricity, produced within the manufacturing units. However, 

such production in each State is found to be less than 10 per 

cent, and the coverage adjustment does not affect the production 

shares of States. 

Unlike Coal, Electricity production is well diversified 

across the country. ~~arashtra is the largest power producer 

State, Producing nearly one-fifth of total Electricity produc

tion in the country. Next in importance are Tamil Nadu and Uttar 

Pradesh. From the point of Electricity consumption Maharashtra 
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Table 3.12 Statewise Pro~uction and Consumption Shares, 
Producer Pricas and Purchaser Prices of Industrial 
Sector for Electricity, 1970 

------ --------------------------
State 

Produc
tion 
share 

Producer 
price 
Rs./KWH 

Consump
tion 
share 

Purchaser 
price 
Rs./KWH --------------------------------

Andhra Prad ash 
Assam 
Bihar 
Gujarat 
Jammu and Kashmir 
Kerala 
Madhya Pradesh 
Tamil Nadu 
Maharashtra 
Karnataka 
Orissa 
Punjab 
Rajasthan 
Uttar Pradesh 
West Bengal 
Haryana 
Andaman and Nicobar 

Islands 
Delhi 
Himachal Pradesh 
Tripura 
Pondicherry 
Goa, Daman and Diu 
Manipur 
Chandigarh 

6.06 
0.68 
2.58 
5.56 
0.32 
3.99 
6.72 

10.54 
19.33 
8.78 
2.86 
8.36 
3.10 

10.70 
7.58 
0.13 

0.01 
2.53 
0.13 
0.02 
o.oo 
0.01 
0.01 
o.oo 

-------- -------India 100.00 

0.16 
0.16 
0.16 
0.13 

0.10 
0.14 
0.11 
0.10 
0.06 
0.05 
0.08 
0.16 
0.13 
0.10 

0.06 
0.41 

-

4.30 
0.69 
5.62 

10.85 
0.04 
2.23 
5.99 

10.05 
20.25 
4.15 
4.53 
1.93 
1.73 

11.74 
12.77 

1.46 

0.01 
1.32 
0.10 
nag. 
0.15 
0.04 
neg. 
0.05 

0.09 
0.13 
0.09 
0.12 
0.10 
0.08 
0.11 
0.10 
0.10 
0.07 
0.07 
0.04 
0.14 
0.09 
0.12 
0.12 

0.33 
0.15 
0.13 
0.19 
0.09 
0.14 
0.21 
0.11 

- --- - -- - - - - - - -0.10 100.00 0.10 - -- - - - - - - - - - - - - - - --- - - -- - -
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stands first accounting for 20 per cent share of the total 

Electricity consumption of the industrial sector of the country. 

Tamil Nadu and Uttar Pradesh do not show any significant 

divergence between production as well as consumption shares of 

Electricity. Gujarat and West Bengal are the two States whose 

consumption shares are significantly higher than their produc

tion shares. 

An important factor that contributes to the regional 

variation of producer prices is the different mix of production 

technologies of Electricity such as Hydro and Thermal. The above 

data show that the producer prices of Electricity for different 

States lie in the range Its.0.05/KI';H to hs.0.16/KWH in Indian 

regions for 1970. The range for its purchaser price is, how

ever, wider. It is minimum at Rs.0.04/KWH in Punjab against 

the maximum at Rs.O.JJ/~~H in Andaman and Nicobar Islands. It 

is surprising that in many of the States the purchaser price 

is less than that of the producer price. It is well known 

that many of the Electricity Boards run under losses. Even 

then this order of negative difference in so many States is 

surprising and it is difficult to explain. !v!ore than the 

purchasers prices the producer prices figures are suspected. 

The producer price figures have not been used in the subsequent 

analysis. The inverse relation in case of Electricity also is 

found to exist between purchaser prices and consumption .shares 

with a rank correlation coefficient 0.6713, which is lower than 

that of Coal, noted above. 

The variation in purchaser prices for different fuels 
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across regions is obtained by calculating the coefficient of 

variation presented in Table 3.13. It is found that ~he price 

variation is smaller in case of Oil based fuels than that of 

the other resource based fuels. Since Electricity cannot be 

transported easily, the price difforontials for it ard noticed 

to be higher than Coal. 

Table 3.13 : Fuelwise Coefficient of Variation (for Purchaser 
Prices) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Fuel Coefficient of Variation (in %) 

- - - - - - - - - - - - - - - - -- - - -
Coal 38.79 
Coke 33.80 
Coal gas 80.34 
Firewood 50.ll 
Charcoal lJ. .03 
Aviation and Motor Spirit 6.68 
Diesel Oil 46.67 (17.51)* 
Other Fuel Oils 65.81 (28.48)** 
Lubricating Oil 13.49 
Alcohol 100.45 
Electricity 50.06 

- - - - - - - - - - - - - - - - - - - - - - - - - - -- - - -
N.B.: * Excluding the two extrema observations, the coefficient 

of variation reduces to 17.51 per cent. 
** &xcluding the three extreme observations, the coeff

icient of variation reduces to 28.48 per cent. 

2) Relative Prices 

It is quite possible that the absolute difference in the 

price of a given fuel in two regions may not be significant, 

but in comparison with other fuels, the fuel under considera

tion may be cheaper in one region than that in the other. Hence 
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it is necessary to assess the role of relative prices. 

However, assessing the relative price of a given fuel 

with reference to each of the other fuels renders the analysis 

rather clumsy. To do away with this, we propose to assess the 

relative price of a given fuel by standardizing the reference 

fuel, the price of which is taken as the weighted average price 

of the other fuels, the weight being the industrial fuel con

sumption in the region. The relative price index is worked out 

as follows -

• i•1,2, ••• k, 

where k is the number of different fuels, Pi is the price of 

ith fuel per TCR unit and Wi is the weight. 

Thus defined and calculated the relative price index 

compares the price of a given fuel in relation to a standardized 

fuel price. The relative price index, when less than unity, 

indicates that the price of the given fuel is cheaper than 

others and when greater than unity the price of it is dearer 

than the others. Table 3.14 gives the estimates of the relative 

price indices for Coal, Electricity, Other Fuel Oils and the 

important fuel, if any, for the region. 

At the all-India level, it is seen that Coal is the 

cheapest source of energy pricewise. Electricity, on the other 

hand, "turns out to be the costliest though consumptionwise it 

stands only next to Coal. It is further found from the Table 

3.14 that Coal has relative price index less than unity in all 
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Tabla 3.14 : Relative Prices of Coal, Electricity, Other Fuel 
Oils and Any Other Important Fuel of a ~agion 

- - - - - - - - - - - - - - - - - - - - - - - - - - -------
State 

- - - - - -
Andhra Pradesh 
Assam 
Bihar 
Gujarat 
Jammu and Kashmir 

Karala 
Madhya Pradesh 
Tamil Nadu 
Maharashtra 
Karnataka 

Orissa 
Punjab 
Rajasthan 
Uttar Pradesh 
Wast Bengal 
Haryana 

Coal 

- - - -

Elec- Other 
tricity Fuel 

Oils - - - - - - - - -
0.3989 1.9198 1.9928 

Any Nama of the 
Other Fuel * 
Fuel 

- - - - - - - - - - -
0.0353 13.8419 15.0933 Very low Coal gas 
0.4594 1.6612 1.9803 1.5329 Coke 
0.5145 1.1291 1.6647 
0.5734 1.1289 

0.9991 1.4469 

(Not 
used) 
1.0560 

1.5422 Aviation and 
Motor Spirit 

0.3444 Firewood 
0.2816 2.9535 2.2854 
0.3211 2.2345 1.7697 
0.3627 1.3477 1.2006 0.5985 Diesel Oil 
0.7808 0.9687 1.6767 0.4219 Firewood 

0.6291 
1.3366 
0.4200 
0.4988 
0.2769 

1.3413 
0.4314 
2.3465 
1.6120 
2.7809 

0.5031 1.5423 

0.9337 Diesel Oil 
2.3855 
2.8808 
1.5562 0.6562 
1.9016 

Diesel 011 

Andaman and 
Islands 

Nicobar 0.8558 2.2943 

1.8254 
1.6434 
3.0603 

0.8435 
0.5284 
0.6034 
0.4263 

Diesel 011 
Diesel 011 
Firewood 
Diesel 011 

Delhi 
Himachal Pradesh 

Tripura 

Pondicherry 
Goa,Daman and Diu 
Manipur 
Chandigarh 

------- - -India 

0.4519 2.5183 1.7962 0.7003 
0.5264 1.6389 1.8288 1.7261 

Diesel 011 
Aviation and 
Motor Spirit 

1.1188 2.6462 2.8737 0.2975 Firewood 
0.8304 Diesel Oil 

0.6432 1.2734 2.9878 
2.3663 1.5190 0.2611 Diesel Oil 
1.6038 2.2369 0.0765 Diesel Oil 

0.5254 0.8515 0.9567 0.5925 Diesel Oil 
1.5100 Aviation Spirit 

- o.4s59- 2.o556- i.?1i3----------
- - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - -* The fuel considerad in this category has a significant share 

in the regional fuel consumption, other than the major fuels 
Viz. Coal, Electricity, Other Fuel Oils. ' 
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the States with the exception of Punjab and Tripura. In Andhra 

Pradesh, Madhya Pradesh, Tamil Nadu, Maharashtra and West Bengal 

it is relatively cheaper than in other States. Surprisingly 

Bihar being the highest Coal producing State, does not show a 

lower relative price index in comparison with all India. In 

the case of Maharashtra, Coal is found to be relatively cheap 

because the prices of all its other energy sources are equally 

high. Electricity is noticed to be relatively cheaper in 

Punjab, Chandigarh and Karnataka with relative price index 

less than unity. On the other hand, Assam, Madhya Pradesh, 

Tamil Nadu, Rajasthan, West Bengal and Delhi, the relative 

price index shows values higher than all India average. No 

large divergencies are found in the relative price index of 

Other Fuel Oils. It is observed from the last column of the 

Table 3.14 that Diesel Oil and Aviation and Motor Spirit are 

the two oil based fuels found cheap in quite a number of regions. 

This is mainly true of those regions which do not have any 

natural energy resources. The other region-specific fuels are 

Coal-gas in Assam, Coke in Bihar and Firewood in Kerala, 

Karnataka, Andaman 

3) Industry-Effect 

and Nicobar Islands and Tripura.l 
. 

The three variables, namely, the level of industriali

zation, the industry-mix and the level of mechanization of a 

region, are considered together in the rest of the section. 

(1) Level of Industrialization: The regional level of 

industrialization is considered in terms of the region's share 

of industrial production in the entire country. It is obvious 
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·rable 3.15 Comparison between Shares o£ Fuel Consumption 
and Industrial Pro~uction 

- - - - - - - - - - - - - - - - - - - - --
Consumption share Industrial 
----------------- production Value TCR units share 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --
Andhra Pradesh 
Assam 
Bihar 
Gujarat 
Jammu and Kashmir 
Kerala 
Madhya Pradesh 
Tamil Nadu 
Maharashtra 
Karnataka 
Orissa 
Punjab 
Rajasthan 
Uttar Pradesh 
West Bengal 
Haryana 
Andaman and Nicobar Islands 
Delhi 
Himachal Pradesh 
Tripura 
Pondicherry 
Goa, Daman and Diu 
Manipur 
Chandigarh 

- - - - - - - - - - - - - - -
India 

- -

4.20 
1.22 
9.81 

11.18 
0.23 
1.80 
5.49 
8.63 

17.62 
3.57 
5.90 
1.25 
2.03 

10.70 
12.11 
1.72 
0.02 
2.12 
0.15 
0.05 
0.10 
0.05 
neg. 
0.05 

4.70 
6.52 

10.15 
8.03 
0.17 
1.44 
6.76 
9.48 

11.91 
3.15 
6.77 
1.58 
1.81 

10.69 
13.48 
1.26 
0.01 
1.80 
0.11 
0.04 
0.08 
0.04 
o.oo 
0.03 

- - - -
100.00 100.00 

- - - - - -------------------
- - - -

4.36 
1.56 
6.39 
8.86 
0.08 
2.75 
4.25 
9.86 

25.05 
4.22 
2.04 
2.25 
1.67 
7.47 

14.67 
2.39 
0.01 
1.68 
0.16 
0.01 
0.16 
0.03 
0.00 
0.08 

-- --
100.00 

- - -
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that higher the level of industrialization, larger is the fuel 

consumption in the industrial sector. Table 3.15 summarizes 

the regional percentage shares of industrial production and 

fuel consumption, expressed in both value and energy units. 

The above Table envisages an important fact that though 

the ranking of the fuel consumption and industrial production 

is similar, the magnitudes of the shares differ significantly. 

For example, Maharashtra produces one-fourth of the total indus

trial production of the country, while it consumes less than 

one-fifth of energy consumed in the total industrial sector of 

the country. On the other hand, Orissa consumes nearly 6 per 

cent of the total energy, while it produces only 2 per cent of 

the country's industrial production. This divergence between 

the shares in the industrial production and energy consumption 

is largely due to the industry-mix or the industrial composition 

of a region. 

(2) Industry-mix: Since fuel requirement per unit of 

output differs from industry to industry and the industry-mix 

is different from region to region, the nature of industry-mix 

becomes an important variable for determining the fuel consump

tion of a region. 

For the purpose of identification of the industry-mix 

at a regional level, the industrial sector is divided into two 

groups. One group is defined as heavy fuel using (HFU) indus

tries and another as less fuel using (LFU) industries.* It is 

* A detailed discussion of these groups is given in 
Chapter 4. 



57 

observed that the shares of HFU in~ustries rtiffer from region 

to region anrt hence the regional fuel consumption. This is 

analysed in the next section. 

(3) Level of Mechanization: The level of mechanization 

is expected to have an impact on the regional fuel consumption. 

The ratio of fixed capital to man-hours worked is taken for our 

analysis as a proxy for studying the impact of the level of 

mechanization. Table 3.16 presents the relevant data about 

fixed capital, man-hours worked and also their ratio for each 

region. The impact of this level is also considered in the 

following section. 

3.5 Multiple Regression Analysis 

We have considered above the important variables influ

encing the regional fuel consumption. To quantify their impact 

on regional fuel consumption, we fit a multiple regression to 

the above variables. 

This analysis is carried out at two levels; firstly at 

the aggregate level of all fuels taken together, and secondly 

at the individual fuel level. 

3.5.1 Aggregate Fuel Consumption 

The regression mortal for aggregate consumption is as 

follows -

Fuel consumption • 
of a region 

b1 (fuel price par energy unit: x
1

) 

(percentage share of industrial 
output: x2 ) 

(share of HFU industries output: x
3

) 

(ratio of fixed capital to man
hours worked: x4 ) 
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Table 3.16 : Statewise Fixed Capital-Manhours Worked Ratio, 
for 1970 

- - - - - - -
State 

- - - - - - -
Andhra Pradesh 
Assam 
Bihar 
Gujarat 

- -

- -

Jammu and Kashmir 
Kerala 
Madhya Pradesh 
Tamil Nadu 

. Maharashtra 
Karnataka 
Orissa 
Punjab 
Rajasthan 
Uttar Pradesh 
West Bengal 
Haryana 

-

-

Andaman and Nicobar 
Islands 

Delhi 
Himachal Pradesh 
Tripura 
Pondicherry 
Goa, Daman and Diu 
Manipur 
Chandigarh 

- -

- -

-

-

- - - - -
Fixed 
Capital 
'000 Hs. 

- - - - -
4,62,36,64 
1,75,69,64 
6,27,69,91 
5,07,36,83 

39,63,25 
1,82,22,31 
5,18 ,14, 53 
8. 70.72,03 

12,86,25,82 
3,83,27,78 
4,08,96,51 
2,55,82,96 
2,77,98,91 
9,29,68,55 

10,26,40,41 
2,13,06,11 

81,30 
93,79,21 
17,42,94 

15,52 
7,63,12 
5,32,52 

11,92 
3. 71,84 

-

-

-

-

- - - -Jl!anhours 
Worked 
'000 

- - - -
42,02,87 
15,05,25 
45,27,29 
71,66,37 
2,13,67 

27,59,26 
31,62,92 
85,83,06 

1,58,82,67 
35,06,76 
16,32,01 
14,43,27 
15,56,88 
62,65,37 

1,48,70,07 
17,13,28 

46,99 
14,75,20 

2,50,57 
29,50 

2,13,77 
79,48 
21,45 
69,40 

-

-

- - - - - - - - - - - - - - - - -------India 83,24,30,56 8,11,77,36 
- - - - - - - - - - - - - - - - - - - - - - -

- - - - --Fixed 
Capital/ 
.Manhours 

Rs./Manhour 
- - - - -

11.00 
11.67 
13.86 

7.08 
18.55 

6.60 
16.38 
10.14 

8.10 
10.93 
25.06 
17.73 
17.86 
14.84 

6.90 
12.44 

1.73 
6.36 
6.96 
0.53 
3.57 
6.70 
0.56 
5.36 

-

------
10.25 

------
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The above regression is fitted once with fuel consump

tion expressed in value terms and again with the same expressed 

in physical energy units. 

Case 1: In the present case, the depend~nt variable viz. 

regional fuel consumption, is expr~ssed in value terms. The 

following fit of the regression equation is obtained: 

y • -5069.96 + 6.46 x1 + 4031.38 Xz + 136.81 x3 + 620.23 x4 
(9295) (43.59) (404.55) (111.54) (436.30) 

(F'igures in the brackets reprasent standard errors of 'bi's,) 

The explained variation R2 is 86.97 per cent with 

F4 ,19 • 31.71, significant at 1 per cent level. The statistical 

testing for the significance of individual regression para

meters 'bi' suggests that the percentage share of industrial 

output (X2 ) is the only variable which has relationship with 

fuel consumption. All the other variables included in the 

regression equation have yielded insignificant values of bi' 

In respect of the price variable, it is to be noted that b1 

surprisingly turns out to be positive, though it is statisti

cally insignificant, while one expects negative relation between 

price and consumption. 

Case 2: In this case the dependent variable is expressed in 

physical units and all other independent variables are the same 

as above, The following regression equation is obtained: 
y • 10397.74 - 72.18 x1 + 3738.22 Xz + 33.59 x3 + 755.60 x4 

(13188) (33.31) (573.99) (158.25) (619.04) 

The explained 

F4,19 • 15.16) which 

variation, R2 , is 76 per cent (with 

is statistically significant at the 5 par 

cent level of significance. 
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In the above regression, two 'bi' coefficients are 

statistically significant. In addition to the share of indus

trial output as in case of earlier regression, price of energy 

also turns out to be significant with propo:~r (negative) sign. 

The 'bi' coefficients of other variables viz. the share of HFU 

industries and the fixed capital to man-hours worked ratio are 

insignificant in this case as in the earlier. 

Conclusions: The above analysis confirms the obvious 

fact that the absolute fuel consumption of a region (expressed 

in either units) is definitely related to the regional indus-

trial output. 

The fuel consumption expressed in value terms surpris

ingly does not show any relation with the energy price, while 

the same expressed in physical units gives a significant rela

tion between the regional fuel consumption and its energy price, 

which may be explained as due to the substitutability between 

fuels; for with the same cost, different energy units are 

obtainable. 

Fixed capital to man-hours ratio does not show a signi

ficant relation with regional fuel consumption. It should be 

noted here that the fixed capital data used by us is the depre

ciated Book Value of assets, which is not a proper indicator of 

fixed capital. It is well known that there are no firm estimates 

of fixed capital in the country. However, it was felt that in 

a cross section study like this, the bias in using the fixed 

capital data, as reported in A.S.I., would be uniform. But this 

does not turn out to be true, implying thereby that the 
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industrial mix and the age compositions of assets are not 

uniform across the regions. Further the regional level of 

mechanization as indicated by the ratio of fixed capital to 

man-hours worked, may increase the rate of energy consumption 

without showing any relation with absolute consumption of it. 

The insignificant relation of the share of HFU indus

tries may also be explained by a similar argument, which is 

illustrated below. 

Suppose, there are two regions with their energy consump

tion as 100 TCR units and their HFU industries' sharesas 25 per 

cent and 75 per cent respectively. In the first region the 

share of HFU industries being small, the total industrial output 

obtained with the same energy consumption is higher than that 

of the second region. Let the regional output levels be hs.3,000 

and Rs.l,OOO respectively. Then we obtain: 

Region 
Percentage share of 
HFU industries 

25 

75 

Fuel consumption/ 
Rs.l,OOO of output 

33.33 TCRs 

100 TCRs 

This indicates that the share of HFU industries does not 

have a significant impact on the regions' absolute consumption, 

but the regions' energy consumption per rupee of their indus

trial output or in other words, the rate.of energy consumption 

is directly related to the share of HFU industries in it. 

3.5.2 Consumption of Individual Fuels 

The following analysis of the energy consumption at the 

individual ruel level is for the purpose of exploring the role 
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that the indivi~ual fuels play in the totality of regional 

variation of the aggregate fuel consumption. The fuels studied 

are Coal, Electricity and Other Fuel Oils. For each fuel two 

regression equations are fitted in value as well as in quantity 

terms. 

Functional relationship for each of the fuels is as 

follows; for example: 

Consumption of Coal • f[Price of Coal (X1 ), Percentage share 

of industrial output (X2), Percentage 

share of HFU industries (x3), Ratio of 

fixed capital (F.C.) to man-hours (X4 ), 

Relative price of Coal with respect to 

other fuels (X5) Relative price of 

Electricity with respect to other 

fuels (X6), Relative price of Other Fuel 

Oils with respect to other fuels (~), 

Production of Coal as a dummy variable 

(X8 ), Production of any other important 

fuel as a dummy variable (~)]. 

In respect of the remaining indivi~ual fuels the same 

functional form in terms of independent variables is used with 

the following changes only. For the regression fitted for 

Electricity, instead of a dummy variable for production, actual 

production data are used. But since no production data are 

available for Other Fuel Oils, the production variable has been 

dropped in case of the regression fitted for Other Fuel Oils. 

To avoid the problem arising out of multicollinearity, 
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the correlation coefficient matrices of the independent vari

ables have been evaluated. And on the basis of these matrices, 

only the non-inter-correlated variables are chosen for fitting 

the regression equations. 

The following regression equations are obtained: 

Heg. 1 

y • 5381.68 - 371.09 x1 
(57315.16) (438.90) 

+ 76o6.76 X2 + 1105.56 x3 
(3027.29) (872.81) 

+ 3655.17 x4 - 2488.50 x5 + 2455o.6o x6 
(3169.04) (6862.06) (40359.86) 

(figures in brackets are stan~ard errors of b estimates) 

where Y • consumption of Coal in value, 

~ • price of Coal, 

Xz • ~ share of industrial output, 

x3 • share of HFU industries, 

x4 • F.C./man-hours ratio, 

X5 • Relative price of Electricity, 

X6 • Production of any other important fuel (dummy). 

The above regression explains 53.56 per cent variation 

giving multiple R as 0.7318. The F ratio (3.26) obtained is 

significant at 5 per cent level. The test of b's gives variable 

Xz only as statistically significant. 

Heg. 2 : 

Y • 1723.43 - 77.05 x1 
(10158.36) (37.78) 

+ 1519.04 1z + 187.49 x3 + 525.66 x4 

- 48.71 x5 + 1723.43 x6 
(1216.21) (7153.26) 

(536.55) (154.69) (561.67) 

where Y is the consumption of Coal expressed in TCR units and 
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x
1 

••• x6 are the same as in Hag. 1. 

Here R2 • 0.5482 with R • 0.7404. The F ratio is 3.36, 

statistically significant at 1 per cent level. 

x1 and ~ are the two variables which give statistically 

significant bi estimates. 

Hag. 3 : 

y = 5574.61 + 9.2o16 x1 + 14121.97 x2 + 510.40 x3 
(21146.71) (5.76) (2630.78) (347.96) 

+ 240.07 x4 - 28161.51 x5 - 1789.59 x6 + 8308.47 ~ 
(1345.10) (23698.74) (2874.56) (15786.49) 

where Y • consumption of Electricity in value 

x1 • production of Electricity 

~ • % share of industrial output 

x3 • share of HFU industries 

x4 • F.C./man-hours ratio 

x5 • relative price of Coal 

X6 • relative price of Klectricity 

~ • production of any other important fuel (dummy). 

The regression gives R2 • 0.9500 with R • 0.9747 and 

F7,16 • 43.45, significant at 1 per cent level. Tests of bi's 

indicate that only 12 is significant. 

Reg. 4 : 

Y • -539.58 + 1.29 x1 + 759.06 x2 + 18.88 x3 + 84.54 x4 
(1552.99) (0.42) (193.20) (25.55) (98.78) 

- 602.36 x5 - 170.99 x6 + 739.36 ~ 
(1740.41) (211.10) (1159.34) 

where Y is consumption of Electricity expressed in energy units 

and x1 ••• x7 are the same as in Reg. 3. 
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The results show that R2 • 0.9474 with F7 ,l6 • 41.14, is 

significant at 1 per cent. The tests of bi's show that produc

tion of Electricity (X1 ) and share of industrial output (X2 ) 

are significant. 

Keg. 5 : 

y • -4333.16 
(21332.10) 

- 1373.49 x1 + 8403.44 ~ + 19.71 x3 
(22420.10) (1025.63) (281.20) 

- 101.81 x4 + 6817.47 x5 + 996.75 x6 + 6108.53 ~ 
(1009.24) (17016.37) (2017.15) (12682.31) 

where Y • consumption of Other Fuel Oils in value 

x1 • price of Other Fuel Oils 

~ • share of industrial output 

A3 • share of HFU industries 

x4 • F.C./manhours ratio 

x5 m relative price of Coal 

x6 • relative price of Other Fuel Oils 

~ • production of any other important fuel (dummy). 

The regression equation is a good fit with R2 • 0.8473 

(R • 0.9208), giving F7 ,16 ~ 12.6787, statistically significant 

at 1 per cent level. The share of industrial output ~ is 

again the only significant variable from the point of view of 

bi values. 

Reg. 6 : 

Y • -307.55 - 53.38 x1 + 613.67 x2 + 3.63 x3 - 66.67 x4 
(1734.74) (1823.21) (83.40) (22.87) (82.07) 

+ 556.90 x5 + 70.95 x6 + 249.04 ~ 
(1383.77) (164.03) (1031.33) 
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where Y is consumption of Other Fuel Oils expressed in energy 

units and x1 ••• ~ are the same as in Reg. 5. 
2 The regression result gives a significant R viz. 0.8185 

with R • 0. 9047. The F ratio obtained is 10 .04. The bi' s test 

indicates that only industrial output (X2 ) is a significant 

variable. 

The above six regressions suggest that the consumption 

of inrlivi~u~l fuel does depend on the set of variables, consi-

dered earlier. However, the above regressions shed some more 

light if the individual independent variables are considered. 

It is observed that the absolute fuel consumption 

depends on its production and price. The fuel consumption 

further depends on the share of industrial output. The insigni

ficance of the share of HFU industries and level of mechaniza

tion supports the earlier finding about their relation with 

the rate of consumption evan at the individual fuel level. The 

relation between relative prices and absolute consumption is 

insignificant due to a statistical lacuna of comparing absolute 

figures with the relative ones. This difficulty can be overcome 

and the relative prices can be compared with the relative con

sumption of fuels which is carried out in the following section. 

3.6 Relationship between Relative Prices 
!B4 Relative Consumption 

3.6.1 Regression Analysis 

The relation between relative price of a fuel and its 

relative consumption is explored by fitting a regression in 

the double log form, which gives the best fit. The relative 
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price P1/P2 is the same as defined earlier in 3,4 and the 

relative consumption c1/c2 is the ratio of the consumption in 

TCR units of a given fuel with respect to the same of the 

remaining fuels, The double log form of the rogression fitted 

is as follows: 

log (C1/C2) • o{. + f?' log (P1/P2). 

It is fitted to the three important fuels viz, Coal, Electri

city and Othor Fuol Oils, The regression equations obtained 

for each individual fuel aro as follows: 

Eqn. 1 [Coal in comparison with other fuels] 

log(C1/C2 ) • -2,3119 - 2.9910 log(P1/P2 ) 
(0.52) (0.70) 

a2 .. 11.21~. 

[Figures in brackets are the Standard Deviation of the 
parameters.) 

Hare both o{ and p are statistically significant at 5 

per cent level. 

Eqn. 2 [Electricity in comparison with othor fuels] 

log(C1/C2) • -0.4190 - 1.7018 log(P1/P2 ) 
(0.40) (0.47) 

2 
Ji - 61.83 ,.,. 

Here oC is insignificant but f3 is significant at 1 per 

cent level, 

&qn. 3 [Other Fuel Oils in comparison with othor fuels] 

log(C1/C2 ) • -2.3434 
(0.43) 

2 
R • 45 ,817&. 

- 1.1504 log(P1/P2 ) 
(0.49) 

In this case also both the t .J d f3 parame ars ~ an are found 
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statistically significant. 

Since (3 is significant uniformly in all the above 

cases, we may conclude that there exists a relationship between 

relative price and relative consumption of a fuel. It is 

further noted that the relation is non-linear, which means 

that 1 per cent increase in the ratio (P1/P2 ) leads to a decrease 

of (3 per cent in the ratio (c1;c2). It is found that the 

highest decrease (2.99) is observed in case of Coal consumption 

with one per cent increase in its relative price ratio. Similar 

decreases in case of Electricity and Other Fuel Oils are 1.70 

and 1.15 per cant respectively. 

3.6.2 Slasticity of Substitution 

Elasticity of substitution for a single industry is 

defined as the proportionate change in the ratio of the amount 

of factors employed, divided by the proportionate change in the 
2 ratio of their prices to which it is due. This may be written 

as: 
d log ( c1;c2 ) 

• d log(P2/P1) 

The above definition is based on the given production 

isoquant, where ~remains unchanged for any point on it. But 

there is a difference between elasticity of substitution for 

single industry and the economic system as a whole.J 

A slightly different formulation for elasticity of 

1
2 Robinson, J. The Economics of Imperfect Competition. 
ondon, 1933, p. 256. · 

3 A discussion about this issue is between Hicks and 
J. Robinson; Robinson, J. Op.cit. 
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substitution has been used by Maade4 viz.: 

b • 

where capital letters relate to the amount of the two factors 

and small letters indicate prices of the respective factors. 

With this fonnulation, elasticity of substitution always comes 

out negative. 

Incidentally, it is interesting to note that the 'f3' 
coefficients evaluated in tha above double log regression give 

* the elasticity of.substitution as per Meade's formulation, 

d log(C1/C2 ) 
• d log(P,/P2) 

However, objections are raised for labelling such p 
coefficients as elasticity of substitution,5 The first objec

tion relates to the difference in tha laval of production-of 

different regions. The concept of elasticity of substitution 

is applicable only for the points lying on the same isoquant. 

If the above 'f3's are to ba used as elasticities of substitu

tion, the regions across which the regressions are fitted need 

to have the same industrial output levels, which is far from 

4 Meade, J.E., The deview of Economic Studies, Vol. II, 
1933-.34, p. 150. 

* The two definitions of elasticity of substitution differ 
in their denominators, baing reciprocals of each other, In the 
logarithmic calculations, reciprocals have a difference in sign, 
keeping the magnitudes same. Thus both these forms give the 
sami e magnitudes to elasticity of substitutions with opposite 
s gns to them. 

~ Minhas, B.S. Contributions to Economic Analysis, An 
ntarnational Comparison of Factor Costs and Factor Use. 

North Holland Publishing Company, Amsterdam, 1963, pp, 14-15. 
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the truth. This objection about different regional output 

levels, however, gets weakened by using the ratio of consump

tion in the formulation as the consumption ratio is less 

affected, by variation in regional output levels. Hence it is 

not very unrealistic to assume the same ratio of consumption 

of fuels for different output levels. 

The second objection relates to the aggregation of 

industrial sector. The lumping together of all industries in 

one sector implies a uniform production function for each 

industry in each region. This indirectly implies homogeneity 

of fuel technology in all the industries. It further assumes 

the proportionate use of each fuel in each region. This is a 

serious limitation, which can be overcome only by comparing 

each industry at the regional level. This, however, is not 

possible in each case because of the insufficient number of 

observations. Hence we have estimated below the elasticities 

of substitution in respect of three individual industries only. 

The industries selected for estimation of individual 

elasticities are Textiles, Basic Iron and Steel, and Electri

city Generation. These three industries are regionally well 

diversified over the country and hence provide a sufficient 

number of observations to carry out the regression. The Table 

3.17 shows the results of the three regressions along with the 

performance of each fuel at aggregate level. 

The results indicate that the elasticity of substitu

tion in case of Coal is always mora than that of Electricity. 

No such trend is observed in case of Other Fuel Oils. It is to 
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' Table 3.17 : Industrywise Elasticity of Substitution 

- - - - - ------ - - - - - - - - - - - - - - - - -
Fuel Coal Electricity Other Fuel 

Industry Oils ------ - - - - - - - - - - - - -------- - - - -
Textiles 2.2242 0.6450 negligible 

consumption 

Basic Iron and Steel 1.8045 0.5220 2.7326 
Electricity Generation 1. 7062 Not used 4.9476 

- - - - - - - - - - - - - - - - - - - - - - - -
Total Industrial Sector 2.99 1.70 1.15 
------- - - - - - - - - - - - - - - -
be noted that these results suffer from the limitation of 

product-mix variation in the same industry across regions. 

Though above analysis indicates the degree of substi

tutability of important fuels, it does not show inter-fuel 

elasticity of substitution. Therefore, it is now proposed to 

consider the elasticities of substitution for individual fuels. 

The following three pairs are considered viz. Coal and Electri

city, Electricity and Other Fuel Oils, and Other Fuel Oils and 

Coal. This analysis is also carried 

industries along with the aggregatdd 

out for the two individual 

* industry level. The 

results obtained are presented below. 

Table 3.18 : Inter-Fuel Elasticity of Substitution 

- - - - - - - - - - - - - - - - - - - - - - - - - -Fuel 

Industry 

- - - - - ------
Textiles 
Basic Iron and Steel - - - ------

Coal x 
Electricity 

1.32 
0.83 

Electricity 
X 

Other Fuel 
Oils 

- - - -
3.28 
1.69 - - - - - - - - - - - - -Total Industrial Sector 1.48 2.07 - - - - - - - - - - - - - - - - - - - - - - -

Other Fuel 
Oils x Coal 

- - -
5.21 
7.09 - - - - -3.68 - - - -

* 1 In case of Electricity Generation industry there is 
on Y one pair whose elasticity can be evaluated, therefore 
it is excluded from the analysis. 
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The above Table indicates that though magnitudewise 

these estimates do 'liffer from in<'lustry to inrlustry, including 

the entire industrial sector, the order of values remain the 

same, This is similar to thiil rasul t obtained earlier for 

elasticiti~s of substitution of a single fuel against all 

other fuels. The prorluct-mix within an in1ustry across the 

regions may not be tha sama and naturally this will have soma 

impact on the magnituda of the results. It is hoped, that 

this limitation is not so s~rious as to affect the tran.1s. 

The highest degree of substitutability is found batwean 

Other Fuel Oils and Coal. A moderate inter-fuel substitution 

is observed between Electricity and Other Fuel Oils. The substi

tution between Coal and Electricity is found to oe the lowest. 
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.1 : Statewise Fuel Consumption Expressed in Tonne Coal Replacemant Units for 1970 

- - - - - - - - - - - - - - - -
State 

----------
Andhra Pradesh 
Assam 
Bihar 
Gujarat 
Jammu and Kashmir 
Karala 
I>iadhya Pradesh 
Tamil Nadu 
Maharashtra 
Karnataka 
Orissa 
Punjab 
Rajasthan 
Uttar Pradesh 
West Bengal 
Haryana 

- - - - - -

Andaman and Nicobar Islands 
Delhi 
Himachal Pradesh 
Tripura 
Pondicherry 
Goa, Daman and Diu 
Manipur 
Chandigarh 

- - - - - - - - - - - - - - - - - - - - - - - - - -
Coal 

- - -
1933802 
113111 

4297922 
2482065 

81118 
14712 

3309104 
3687658 
2039465 
606280 

3113723 
162012 
848568 

4153233 
5803844 

502820 
20 

875638 
38879 
1113 

22320 

Coke 

------
62221 
1434 

412558 
64657 

71 
1381 

33041 
32945 
70364 
55317 
58135 
18420 
11456 
67851 

204675 
15378 

16 
9208 
1455 

2799 113 

Coal gas Firewood Charcoal Aviation Diesel 

7 
3504644 

36870 
1615 

-
12 

5847 

-
575 

76 
34895 

93 

8 

-------
38300 
51474 
40309 
23177 
5450 

174530 
18798 
36841 
37536 

166710 
7801 
3282 
7310 

180995 
34890 

5210 
454 

2076 
262 

3506 
1224 

838 

6 

and Motor Oil 
Spirit 

- - - - - - - - - - - - -
650 

63 
258 
307 
103 

1712 
116 

2779 
2520 

37499 
66 

133 
147 
609 

3306 
69 
61 

163 
149 

367 

3 

20077 
6643 

10717 
21833 

9928 
2234 
6112 

27141 
155235 

9954 
6286 
9014 
2775 

29485 
83751 

9077 
95 

5823 
3222 

21 
84 

541 

668 

36699 
192771 
294136 
84823 
4939 

17189 
70304 

102570 
323404 
112091 

77809 
26464 
50340 
94812 

347451 
32519 
2737 

71718 
11008 
23073 

149 
21682 

89 
714 

- - - - -
Other 
Fuel 
Oils 

- - - - -
135756 
174893 

431754 
988041 

3 
305337 
45588 

543763 
1704997 

146510 
83337 
22653 
43830 

210949 
360297 

47223 
117 

40889 
1016 

325 
84 

637 
2 

4921 

- - - - - - - - - - - - - - - -
Lubri- Industrial Electri
cating and Power city 
Oil Alcohol ------

5998 
3323 

13524 
29585 

485 
1802 

10919 
11195 
39134 
6339 
8025 
3901 
4892 

168.33 
42701 

5025 
74 

2023 
384 
187 
239 
303 
11 

305 

21 
202 

5 

226 
214 

3 
7 

1177 
181 
549 

-------
739386 
76253 

883051 
1378563 

5758 
391097 
779388 

1546691 
3149900 
853553 
922947 
751799 
176927 

2006571 
1607419 

180405 
421 

129581 
11349 

118 
25343 
3945 
142 

6222 

73 

.Total 

- - -
2972896 
4124609 
6421120 
5074868 
107855 
909999 

4273370 
5991821 
7528616 
1994256 
4278711 
997678 

1146245 
6762591 
8523410 

798368 
3995 

1137127 
67724 
28343 
49443 
28313 

244 
15751 

-------------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Total * 34090206 1120699 3584643 840979 51080 420716 1999491 5292922 207208 2584 15626876 63237353 

----------------------------------------------------------------------------
* Total may not be exact to the total of all States, as it is direct conversion from All-India figures. 
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.2 : Purchaser's Pric~s - Stat~wise, Fuelwise, 1970 (in Rup~es) 

---------

State 

- - - - - - - - - -
Coal 

(m. 
tonne) 

- - - - - - - - - - - - - - - - - - - -
Coke Coal-gas Firewood Charcoal 

(tonne) (Cu. (tonne) (tonne) 
metre) 

-------
Aviation 
and Motor 
Spirit 
(litre) 

----------
Dies~l 
Oil 

(litre) 

Other 
Fuel 
Oils 

(litre) 

Lubri
cating 
Oil 
(litre) 

Alcohol 

(litre) 

------------------------- -------- - - - - - - - - - - - - - - - - - - - - - - - -- - - - -
INDIA 

Andhra Pradesh 
Assam 
Bihar 
Gujarat 
Jammu and Kashmir 
Kerala 
Madhya Pradesh 
Tamil Nadu 
Maharashtra 
Karnataka 
Orissa 
Punjab 
Rajasthan 
Uttar Pradesh 
West Bengal 
Haryana 
Andaman and Nicobar Islands 
Delhi 
Himachal Pradesh 
Tripura 
Pondicherry 
Goa, Daman and Diu 
Manipur 
Chandigarh 

59.44 

53.90 
53.49 
60.78 
82.03 

107.57 
110.73 

45.80 
46.50 
53.23 
85.20 
68.97 
95.94 
75.77 
67.91 
44.92 
91.37 

200.00 
78.05 
90.69 

115.00 
88.26 

99.68 

-------- - - - - - - - -

142-57 

120.28 
123.72 
141.43 
185.85 
365.08 
217.68 
167.85 
205.93 
190.13 
173.35 

54.48 
179.44 
143.22 
153.43 
113.73 
158.87 
214.29 
174.25 
171.58 

200.00 

0.0043 

1.13 
0.0003 
0.09 
0.78 

0.27 
0.30 

-
0.25 

0.32 
0.23 
0.99 

0.50 

-------

56.95 

61.89 
21.45 
49.75 
79.93 

149.21 
41.48 
56.30 
60.99 
83.85 
42.90 
45.54 

114.04 
73.81 
82.15 
50.21 
79.69 

140.17 
128.60 

68.84 
31.97 
83.85 
41.95 

166.67 

- - - - - - - -

188.15 

209.88 
254.55 
262.22 
268.66 
166.67 
185.41 
287.13 
250.31 
271.94 
169.70 
155.17 
405.17 
343.75 
259.89 
221.49 
366.67 
301.89 
352.11 
307.69 

112.50 

666.67 

- - - -

1.16 

1.20 
1.26 
1.17 
1.18 
1.12 
1.24 
1.20 
1.13 
1.15 
1.21 
1.19 
1.32 
1.26 
1.22 
1.10 
1.10 
1.00 
1.17 
1.10 
1.25 
1.13 
1.26 

1.35 

0.59 

0.68 
0.53 
0.63 
0.65 
0.58 
0.60 
0.81 
0.60 
0.55 
o.n 
o. 55 
0.55 
0.51 
0.72 
0.52 
o.so 
1.22 
0.53 
0.83 
0.74 
0.80 
0.45 
2.17 
0.78 

-------

0.25 

0.27 
0.27 
0.27 
0.21 
1.00 
0.24 
0.28 
0.24 
0.24 
0.28 
0.32 
0.36 
0.27 
0.30 
0.25 
0.34 
1.16 
0.30 
0.39 
0.50 
0.59 
0.26 
1.00 
0.29 

------

1.91 

2.07 
2.30 
1.94 
1.83 
2.95 
1.85 
1.99 
2.17 
1.93 
2.17 
2.08 
2.17 
1.92 
1.97 
1.63 
2.25 
2.39 
1.86 
2.09 
2.44 
2.21 
2.66 
2.50 
2.24 

- -

0.37 

1.02 
0.24 

0.20 

o.n 
0.35 
2.83 
2.08 

0.34 
0.47 
0.28 

74 

- - - - -
Electri
city 

(KWH) 

- - - -
0.10 

0.09 
0.13 
0.09 
0.12 
0.10 
0.08 
0.11 
0.10 
0.10 
0.07 
0.07 
0.04 
0.14 
0.09 
0.12 
0.12 
0.33 
0.15 
0.13 
0.19 
0.09 
0.14 
0.21 
0.11 

- - - - -



CHAPTER 4 

INTENSI'fiES OF FUEL USE 

Having considered the factors responsible for inter

regional variation in energy consumption at the aggregate 

level, we then, in this chapter try to study the intensities 

of energy consumption and the efficiencies of energy use in 

the different regions both at the aggregate and individual 

industry level. 

Energy intensity like that of labour or capital, is 

defined here as the amount of energy required to produce say 

a rupee worth of output. In other words it is the reciprocal 

of energy productivity. The energy intensity is measured in 

monetary as well as in physical units. Thus defined, the term 

intensity, in the input-output frame of analysis is obviously 

the energy input coefficient. Hence the direct and indirect 

energy intensity can also be defined as the direct energy used 

in the production and also the energy required to produce the 

inputs, necessary in the production process et sequentes.* 

* The direct plus indirect energy intensity is evaluated 
as follows: 

Let A be the input coefficient matrix and (I - A)-1 be 
its Leontief inverse. If Ed is the vector of direct energy 
intensity of the economy, the (Ed)(I-A)-1 • E' is the row 
vector of sectoral direct plus indirect energy intensity. 

75 
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A different concept namely energy embodied in the product 

as gross energy requirement (GER) is also used for the evalua

tion of energy intensities. This involves the direct and 

indirect intermediate use of energy as also the energy require

ment for the capital equipment in the production process. How

ever, it is difficult to evaluate GER because of the problems 

related to the measurement of capital use in the production 

process. A ranking of the industries on these three measures 

viz. the direct intensity, the direct and indirect intensity, 

and the gross energy requirement (GER) may yield different 

results. 

4.1 Review of Studies on Energy Intensity 

Before we analyse our present problem and discuss our 

results about the regional intensities, we give below a brief 

review of the important energy intensity studies found in the 

literature with particular reference to the methodology of 

analysis. 

A study entitled "Trends in Energy Use in Industrial 

Societies"1 by the Electric Power Research Institute (EPRI), 

California has examined the reasons behind the different 

Energy/GOP (i.e. gross domestic product) ratios of different 

countries. It has been found that the Energy/GOP ratio depends 

not only on the composition of GOP but also on the composition 

of industries in the industrial sector of a country. The study 

l Electric Power Research Institute (EPRI), EA-1471, 
Project 864, California, 1980. 
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further indicates that the above shortcoming can be overcome 

by studying the individual industries. A matho~ of isolating 

the effect of the income share of individual industry in the 

total industrial sector and the use of energy in the said 

industry within each region is suggested. 

Darmstadter et al2 have also attempted to explain the 

differential energy use per dollar of output in different 

economies adopting the techniques similar to that of EPRI study 

noted above. The study covers six European countries, u.s.A., 

Canada and Japan, which constitute a homogeneous group of 

industrially advanced countries. The study is for the year 

1972. The main focus of the analysis is to study the various 

reasons which explain the variations in the energy intensities 

for different broad economic sectors between the countries. 

For the industrial sector the two factors, viz. the role and 
the anergy intensities of the industrial sector are isolated. 

The main finding of the study is that with relatively smaller 

share of industrial income in the total Gross National Product 

(GNP) of U.S.A., it is found to use more amount of energy to 

produce the same income as that of any other country. On the 

other hand, Sweden is found to use the least amount of energy 

to produce the same laval of GNP in comparison with other 

countries, under study. 

2 Darmstadter, J., Dunkerley, J., and Alterman, J. How 
Industrial Societies Use Energy: A Comparative Analysis. 
T~e ~ohn Hopkins University, Pern, Baltimore and London, 1977, 
c • • pp. 101-140. 
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The Economic Commission for Europe has made a study3 

with a view to understand the existing energy intensities and 

efficiencies for seventeen European countries (&C& Region). 

The data relates to the year 1965. The sectoral energy inten

sities, as a ratio of energy inputs to the value of output of 

that sector, are evaluated for the seventeen countries. Direct 

plus indirect energy intensities are, however, calculated only 

for France, Italy and the U.S.A. The purpose of the study is 

to find energy intensive industries and to prescribe policy 

measures from energy saving point of view in the &CE Region 

as a whole. 

Another study by the United States Conference Board4 

examines the energy intensities of individual industries for 

the period 1947 to 1967 for the purpose of projections. It 

uses direct anergy input coefficient as energy intensity and 

analyses industries at different process levels for the en~rgy 

requirement in future. 

Edwards and Ashok Parikh5 have a similar study for the 

five EEC countries over the period of one decade ending 1970. 

The study uses the direct energy intensities for finding the 

3 "Increased Energy Economy and Efficiency in the EEC 
Region", Economic Commission for Europa, United Nations, 
Geneva, 1976. 

4 "Energy Consumption in Manufacturing", The Conference 
Board in Cooperation with the National Science Foundation, 
Ballinger Publishing Company, U.S.A., 1974. 

5 "Intensities of Energy Usage, An International and 
Intertemporal Comparison", Energy Policy, March 1978, pp.66-75. 
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inter-fuel substitution possibilities within each country. 

In the Indian context, Henderson6 evaluated the commer

cial energy used per unit of value added for the four economic 

sectors, viz. Agriculture, Mining and Manufacturing, Transport 

and Communication, and Others, of the Indian economy for 1960-61 

and 1970-71. He finds that economy as a whole shows an increase 

of 40 per cant in its commercial energy intensity. The sectors 

consuming less commercial energy have showed a sharp increase 

in comparison with those already using a relatively higher 

commercial energy. He has further separated the total increase 

in energy intensity in the following three components: 

1. Sectoral output rising alone. 

2. Change in the sectoral energy coefficient alone. 

3. Interaction element of both, change in output 
as well as energy input coefficient. 

The total increase in the sectoral energy consumption has 

been divided into above three components. Industrial sector 

shows that output change alone contributes the highest share 

in explaining the increase in energy consumption, viz. 2S.7 

mtcr out of 37.4 mtcr. 

The article by Parikh Jyoti and Chaitanya Arunk7 deals 

with the energy efficiency of Indian industries. The study has 

found out Large Energy Consuming (LEC) industries as Textiles, 

6 India : The energy Sector. Oxford University Press, 
1975, Chap. 3, PP• 25-35. 

P7 1 "Are Industries Energy Efficient?" Economic and 
o it1ca1 Weekly, March 15, l9BO, pp. 559-564. 
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Fertilizers, Inorganic Heavy Chemicals, Paper, Non-Ferrous 

Metals and Iron and Steel. The energy intensities, on value 

added basis, are evaluated for 1971. The results, though avail

able at the individual in~ustry level, their conversion ratios 

being not very precise, their reliability is doubtful. The 

study also presents the norms of energy intensities at the 

single industry level for 1970, which are estimated on the 

tonne output basis. Hence direct comparison of existing energy 

intensities with the norms are not made. 

The above discussion underlines the scope for studying 

the energy intensities both at regional and industry level in 

the Indian Economy. Hence the following chapter is devoted to 

the analysis of the energy intensities at the regional level, 

for the aggregate industry sector as also for the individual 

industries. 

4.2 Regional Energy Intensity 

The energy intensities can be evaluated at different 

levels such as the firm, industry, sector, region and economy. 

The regional energy intensity is defined as follows: 

uj.hl. 
O.j for j • 1,2, ••• m, 

where Fij is the energy consumed by the ith industry in jth 

region either in physical units or in money terms; Oij is the 

output or the value added of ith industry in jth region and 

TRj is the energy intensity of the jth region, in physical or 

value terms depending on the units of Fij" 
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The regional energy intensities per unit of industrial 

output as also for value added both in physical and value 

basis are presented in Table 4.1.' 

Let us consider the regional energy intensities per unit 

of industrial output on value basis. Jammu and Kashmir and 

Orissa are the two States with higher energy intensities and 

among the Union Territories, Tripura has the highest energy 

intensity. Assam tops the list of States for the energy inten

sity based on the physical units; while Tripura maintains its 

first position even on the physical basis. Orissa and Jammu 

and Kashmir have a high energy intensity on the physical basis 

too. 

A comparison of the regional energy intensities, on the 

physical and value basis, shows that differential relative 

positions for the States because of the regional energy price 

differentials. To understand the variability between them, they 

are compared with the all India energy intensity for its 

industrial sector. The comparison is made by using a measure 

defined as 

TR - TR1 
yj • ~(TR + ;Rj) 

where TRj is the energy intensity for the industrial sector of 
th . 

j region and TR is the same for all India. The 1 y- 1 values 

for the energy intensities based on physical and value terms 

are presented in Table 4.2. 

A positive value of 1 1( 1 indicates that the energy 

intensity of a region is less than the energy intensity of 
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rabla 4.1 : Regional Znorgy Int3nsi ti as for Inrlustrial S.Jctor 
in 1970 

- -- - - ------
Region 

Intensity Intensity 
in value in Fhysi
Rs./Output cal units 

TCR/000 
Rs.Output 

- - - - -
Intensity 
in value 
Rs./Value 

added 

- - - - - - - - - - - - - - - - - - - -
Andhra Pradesh 
Assam 
Bihar 
Gujarat 
Jammu anrl Kashmir 
Kerala 
!4adhya Prarlesh 
Tamil Na<iu 
Maharashtra 
Karnataka 
Orissa 
Punjab 
Rajasthan 
Uttar Prarlesh 
West Bengal 
harvana 
Andaman and 
Nicobar Islan<is 
Delhi 
Himachal Pra<iash 
Tripura 
Pondicharry 
Goa,Daman and Diu 
Manipur 
Chanrligarh 

0.0523 
0.0421! 
0.01!14 
0.0654 
0.1632 
0.0357 
0.0691! 
0.0479 
0.0336 
0.0461 
0.1606 
0.0309 
0.0076 
0.0796 
0.0450 
0.0396 

0.01!25 
0.0640 
0.0491 
0.2749 
0.0344 
0.1031! 
0.1909 
0.0290 

0.6463 
2.5119 
0.9521! 
0.5432 
1.2771! 
0.3131! 
0.9539 
0.5761 
0.21!49 
0.4479 
1.91!51! 
0.4203 
o.t.i499 
0.1!51!1 
0.5506 
0.3173 

0.3545 
0.6397 
0.3954 
2 .6641! 
0.291!3 
1.031!2 
0. 5545 
o.loo9 

o. 2277 
0.1774 
0.3409 
0.2768 
1.0655 
0.144*' 
0.3232 
0.11!14 
0.1374 
0.1291 
o.M96 
0.1407 
0.2226 
0.3275 
0.1782 
0.2069 

0. 3611 
0.2379 
0.0734 
1.0914 
O.Hl87 
0.4991 
0.0567 
0.0714 

- - - - - - - - - - - - - - - - - - - - - - - - - - -Inrlia 0.0530 0.5994 0.2102 

------
Intensity 
in Physi
cal units 
TGR/000 Rs. 
Value a::lrlad 

- - - - -
2.7)11! 

10.1911! 
J. 776e 
2.1272 
1!.3311! 
1.2390 
4.2569 
2.1331! 
0.994& 
1.2218 
8.4740 
1.8951 
2.1250 
3.5067 
2.1231 
1.311!1 

1.5013 
2,6699 
0.5565 

10.5797 
1.6165 
4.7972 
0.1646 
0.35o5 

- - - - -
2.2509 - - - - - - - - ------ - - - - - - - - - - - -



Table 4.2 Comparison of Regional Intensities with All India 

- - - - - - - - - - - - - - - - - - - - -- - -
State ''fj' on 

Value 
Coefficient 
Basis - - - - - - - - - - - - - - - - - - - - - - -

Andhra Pradesh 
Assam 
Bihar 
Gujarat 
Jammu and Kashmir 
Kerala 
Madhya Pradesh 
Tamil Nadu 
Maharashtra 
Karnataka 
Orissa 
Punjab 
Rajasthan 
Uttar Pradesh 
West Bengal 
Haryana 
Andaman and Nicobar Islands 
Delhi 
Himachal Pradesh 
Tripura 
Pondicherry 
Goa, Daman and Diu 
Manipur 
Chandigarh 

0.0138 
0.2129 

-0.4227 
-o.2088 
-1.1093 
0.3911 

-0.2742 
0.1014 
0.4482 
0.1388 

-1.0073 
0.5271 

.0.2422 
-0.4011 
0.1625 
0.2882 

-0.4356 
-0.1881 
0.0759 

-1.3534 
0.4244 

-0.6483 
-1.1303 
0.5857 

---------------- -·--------

- - - - -
'y: ' on j 
Physical 
Coefficient 
Basis ------

-0.0753 
-1.2294 
-0.4554 
0.0984 

-0.7228 
0.6256 

.0.4564. 
0.0396 
0.7115 
0.2895 

-1.0726 
0.3513 

-o.o8o8 
-0.354.9 
0.084.9 
0.6156 
o. 5134. 

-o.0650 
0.4102 

-1.2655 
0.6707 

-0.5359 
0.0778 
1.1287 

------
the country as a whole. On the other hand a negative value of 

' '(' suggests a higher energy use by a region than that of the 

all-India, to produce one rupee worth of its industrial output. 



Table 4.3 

- -- -
- - - - -

: Comparison of Hegional Intensities with All-India 
( Statewise) 

- - - - - - - - - - - - - - - - - - - - - - -
Physical Units Basis Value Units Basis 

- - - - - - - - - - - - - - - - - - - - - - - - - -
Positive 'fj' Gujarat, Kerala, Tamil 

Nadu, Maharashtra, 
Karnataka, Punjab, West 
Bengal, Andaman and 
Nicobar Islands, 
Himachal Pradesh, 
Pondicherry, Manipur, 
Haryana, Chandigarh 

Andhra Pradesh, 
Assam, Kerala, 

Negative 'fj' Andhra Pradesh, Assam, 
Bihar, Jammu and Kashmir, 
Madhya Pradesh, Orissa, 
Rajasthan Uttar 
Pradesh, Delhi, Tripura, 
Goa 

Tamil Nadu, Maha
rashtra, Karnataka, 
Punjab, West Bengal, 
Himachal Pradesh, 
Pondicherry, 
Haryana, Chandigarh 

Bihar, Guj arat , 
Jammu and Kashmir 
Madhya Pradesh, 
Orissa~ Rajasthan, 
Uttar rradesh, 
Andaman and Nicobar 
Islands, Delhi, 
Tripura, Goa, Manipur 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -
It is interesting to find the comparative picture in 

the tetrapartite classification of the 'r' indices evaluated 

on the physical and value basis classified by the sign of the 

indices as presented in Table 4.3. It is found that Kerala, 

Tamil Nadu, Maharashtra, Karnataka, Punjab, West Bengal and 

Haryana use less than average energy to produce one rupee 

worth of their industrial output, on both physical as well as 

value basis. On the other hand, Bihar, Madhya Pradesh, Orissa, 

Rajasthan and Uttar Pradesh consume more than average energy 

on either basis. Gujarat is the only State which requires 

less than average energy on the physical basis and more than 

the same in value terms. On the contrary, Andhra Pradesh and 

Assam use more than average energy on physical basis while 
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the same in value terms is less than the average. 

The picture presented by the 'r· indices, evaluated on 

value added basis and classified as above, is not much diff

erent from the one presented above on output basis. 

Before we spell out the implications of the above 

picture, we turn to consider the energy intensities of diff

erent industries at the all-India level, as the aggregate of 

that has been used as a norm to compare the regional intensities. 

4.3 Industry Intensity Variation 

The one factor which accounts for the variability in 

the energy intensities noted above, is the differential 

industry-mix between the regions, as different industries 

operate with different energy intensities. We, therefore, 

consider below the industrywise intensities which are defined 

on the same lines as regional intensities as: 

m m Fi 
Tii • l: F i/l: Oij • 0.• , for i • 1 , 2, • • • n, 

j•1 j•1 i• 

Where Fij and Oij are the energy consumed and output realized 

respectively of ith industry in the jth region, and Tii is the 

energy intensity of ith industry. These energy intensities at 

the industry level can also be evaluated on output as well as 

value added basis. However, different industries have different 

value added coefficients, depending on its input requirement, 

and hence the value added does not reflect the real output of 

the industry. Therefore for the comparison between the industry 

energy intensities, the output is a better variable for evalua

tion of energy intensities at industry level. Thus, these 
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Table 4.4 : Industry Energy Intensity at All In~ia Level for 1970 

----------- -----------------------
Industry Intensity 

in value 
Intensity In~ustry Intensity Intensity 

in value in energy 
(Rs./Ou~put) (TCR/000 Rs. ( Rs ./Out put) 

in energy 
( TCR/000 Rs. 

Output) 
------------------
201 
202 
203 
204 
205 
206 
207 
208 
209 
211 
212 
213 
214 
220 
231 
232 
233 
239 
241 
243 
251 
252 
259 
260 
271 
280 
291 
293 
300 
311 
- - - - -

0,047230 
0.019537 
0.023419 
0.018468 
0.010058 
0.018256 
0.017996 
0.031255 
0.021611 
0.114535 
0.039717 
0.043152 
0.014816 
0.004709 
0.045284 
0.015030 
0.028654 
0.030821 
0.005560 
0.008604 
0.033159 
0.014682 
0.028594 
0.016005 
0.103975 
0.019611 
0.010410 
0.035353 
0.026051 
0.094632 

0.281805 
0.123737 
0.192)25 
0.099618 
0.065812 
0.117499 
0.128107 
0.260961 
0.183370 
1.174380 
0.351103 
0.254385 
0.062962 
0.029897 
0.332667 
0.093765 
0.118053 
0,213045 
0.021085 
0.036998 
0.253782 
0.058751 
0.399909 
0.080258 
1.028998 
0.072043 
0.063760 
0.114466 
0.182531 
0.875871 -----------

312 
313 
319 
321 
329 
331 
332 
333 
334 
339 
341 
342 
350 
JbO 

370 
381 
382 
383 
384* 
385 
386 
389 
391 
392 
393 
394 
395 
399 
511 
512 

- - - -

Output) 
------------
0.016802 
0.009722 
0,026667 
0,020243 
0,267585 
0.161633 
0.181436 
0.162184 
0.248828 
0.033511 
0.106332 
0.086400 
0.031997 
0.023904 
0,020522 
0.029395 
0.042235 
0,022324 
1.261926 
0.020348 

N.A. 
0.013163 
0.015316 
0.035758 
0.010551 
0.040829 
0.017592 
0.041463" 
0.149899 
0.022274 

0.127713 
0.056311 
0.177137 
0.070650 
0.162092 
2.108212 
1.390973 
1.520917 
2.844323 
0.24487.3 
1.0394.32 
0.902329 
0.188058 
O.ll44S'i 
0.104060 
0.192199 
0.571947 
0.149669 
4.559630 
0.101058 

N .A. 

0.089518 
0.067848 
0.282087 
0.04247.3 
0.)06708 
0.135807 
0.513292 
.3.057792 
0.317101 --------------

*This) being a service in~ustry;ohas not been considered in the study, 



intensities are evaluated on output basis only, in physical as 

well as value terms. 

The energy intensities in both physical and value terms 

are evaluated at the three digit level of industries in Table 

4.4. The variation in the in~ustry intensities of energy con

sumption is found to lie 1n the range with a minimum as 0.004709 

(Tobacco manufacturing) and maximum as 0.248828 (Cement) on 

value basis. The said range on the physical basis of evalua

tion lies between 0.021085 TCR/000 Rs. output of Shoe-making 

industry and 3.057792 TCR/000 Rs. output of Electricity Genera

tion. The average energy intensity for the manufacturing 

sector as a whole is 0.053007 rupees per rupee of output, which 

is equivalent to 0.599425 TCR per thousand rupees of industrial 

output in physical units. These desiderata will be used 

subsequently for the classification of the industries as heavy 

fuel using (HFU) industries and less fuel using (LFU) ones. 

4.4 Isolation of Sffects of Intensity 
and Industrial Structure 

Industry sector being the most important sector in terms 

of development of the regions, it is necessary to analyse the 

impact of industrial energy use in relation to the overall 

income generated in the State. The relation is a function of 

the energy use in the industrial sector and the importance of 

the industrial sector in the region. The effects of these two 

need to be isolated, as it helps in identifying the regions 

which are energy efficient in the sense that they use less 

energy per unit of output. For this purpose, we follow the 

model developed by Darmstadter and others in their study: How 
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Industrial Societies Use Energy?g 

4.4.1 The Darmstadter Model 

The Model is based on the ratio of energy consumed in a 

sector to Gross Domestic Product, which is denoted as &nergy/ 

GDP ratio. The above ratio can be written as a product of two 

ratios as below: 

Energy consumed Energy consumed 
by a sector • by a sector 
~G·r-o~s~s~D~om~e~s~t~i~c- Value added of 
Product the said sector 

Value added of 
the said sector 

x Gross Domestic 
Product 

While the first ratio of the two in the right hand side 

above is a ratio of energy consumption to value added for a 

given sector, or alternatively the intensity of a sector, the 

second ratio represents the share of the said sector in the 

total economy. These two ratios, related to the industrial 

sector are taken to represent regional energy intensity and 

industrial structure, the latter defined by the relative impor

tance of the industrial sector in the economy. With the help 

of above equation, a method of isolation of the intensity and 

the structure effects in energy use is developed below: 

Let us define the ratio of energy consumed to GDP for 

two regions R
1 

and a2 as E1/G1 and E2/G2 , where E1 and ~ 

represent industrial energy consumption in TCR units in regions 

a1 and a2 respectively and G1 and G2 are their respective gross 

domestic products. Let x1 and Xz be the incomes generated in 

the industrial sector of the two regions a1 and Rz· Then·E1/x1 

S Darmstadter, J., Dunkerley, J., and Alterman, J., 
op.cit. 
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and s2/X2 are the respective regional energy intensities for 

the industrial sector and X1/G1 and ~/G2 represent the respec

tive regional structure effect due to industry sector. The 

following two equations are thus generated with the above 

defined variables: 

(E1/G1 ) • (E1/X1 ) x (X1/G1) and 

(E2/G2) • (E2/X2) X (~/G2). 

The difference betwuen the two energy/GOP ratios viz. 

[(E2/G2) - (E1/G1)], is now to be allocated between intensity 

and structure as follows. 

To start with we evaluate the difference in the energy/ 

GOP ratio between a. and ~ as due to differential energy 

intensities on the assumption of uniform structure for R1 and 

R2 • Let a uniform structure, say of R1 , be assumed and on the 

basis of it, income generated in region ~ estimated. This 

estimate is given by (G2 )(X1/G1 ) and is denoted as x1. Then 

the energy required to generate x1 in region ~ is 

(X1)(E2/~) • &~1 • 
This leads to a hypothetical energy/GOP ratio 

21/ under the uniform structure assumption as (E2 G2 ). 

of~ 

This 

gives the difference between two energy/GOP ratios on the same 

structure assumption as 

E21 E 
( 2 1 ) n::- - TI:' 2 1 

••• (1) 

Secondly, we evaluate the said difference in energy/ 

GOP ratio between a1 and ~ as due to differential industrial 

structure on the assumption of uniform energy intensities. 
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Under this uniform intensity assumption, energy requirement of 

Region R2 is given by : 

&~2 • '~> (iivx1 > 
h I 12 and the hypot etical energy GOP ratio turns out E2 /G2• This 

leads to the difference between the two energy/GOP ratios as: 

••• (2) 

With the help of (1) and (2) above the following identity 

can be derived. 

E E g21 
E1 E12 8 E2 821 812 8 

( 2 - ~) ( 2 2 1) 2 2 ..!) • - a.> + (- -- + (- - G2 --+ 
"C2 1 ~ 1 G2 G1 G2 G2 G1 

The first expression of the right hand side of above 

identity explains the difference between the two energy/GOP 

ratios on the assumption of uniform structure for the two 

••• (3) 

regions as noted above, explaining the variation between the 

intensities of two regions which is termed as the intensity 

effect. The second expression explains, as noted above, the 

variation between the said energy/GOP ratios on the assumption 

of uniform energy intensities for the two regions. Such a vari

ation explains the effect of the relative importance of the 

industrial sector in the two regions and is termed as the 

structure effect. The last expression represents the interaction 

between the two effects, which exists because of the non-additive 

nature or the identity and does not have any significant meaning 

and interpretation. 
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Application of the Oarmstadter Mo~ 

The study carried out by Oarmstadter and others has 

inter-country comparisons with u.s.A. as the standard of 

comparison. Since we have to compare all regions of India, 

there is no reason for selecting any one region as a standard 

against others. Though it is better to carry out pairwise 

comparisons for all regions, such comparisons do not lead to 

any meaningful results. Hence we have carried out comparisons 

for differant regions against all India as the norm. As some 

of the regions have very small share of industrial output, they 

* are not included in the present analysis. 

The basic data, required for the analysis are presentdd 

in Table 4.5, which presents the three ratios for each region 

under study: 

(1) Share of income from industrial sector 
in the total state income (SOP). 

(2) &nergy/SOP ratio in TCR units per lakh 
rupees of SOP. 

(3) The consumption of energy in the indus
trial sector par lakh rupees of 
industrial income. 

Using the method, discussed above, regional intensity 

and structure affects are evaluated. The two effects along 

with the actual difference between the energy/GOP ratios of a 

State and all-India are presented in Tabla 4.6. 

The actual difference between anergy/SOP ratio of a 

State and Indian Union is defined as enargy/GDP of all-India 

* The regions which are excluded are all Union Territories 
except Delhi and the State of Jammu and Kashmir. 



92 

Table 4.5 : Energy Consumption in Industry and GDP Originating 
in Industry, 1970 

- - - -- - --- - - - - - - - - - - - - - -- -
GDP(Industry)/ Energy (tcr) 
GDP (State) consumption/ 

(%) GDP (Industry) 

State - - - -
E/G 

(State) 

- - - - - - - -- - - -- - - - - - - - - - - ---- -- - -
Andhra Pradesh 
Assam 
Bihar 
Gujarat 
Kerala 
Madhya Pradesh 
T81111l Nadu 
lv!aharashtra 
Karnataka 
Orissa 
Punjab 
Rajasthan 
Uttar Pradesh 
West Bengal 
Haryana 
Delhi 

4-33 
5.23 
7.57 

10.78 
5.99 
5.02 

ll.6o 
18.96 
8.26 
4.72 
3.81 
3.40 
4.53 

12.50 
7.24 
8.20 

273.19 
154.06 
375.52 
212.65 
123.91 
425.68 
213.38 
99.38 

122.17 
847.32 
189.49 
212.50 
350.66 
211.44 
187.77 
187.43 

11.84 
8.07 

28.43 
22.93 
7.42 

21.36 
24.75 
18.85 
10.09 
39.96 
7.22 
7.22 

15.89 
26.45 
13.59 
15.38 

- - - -- - -- - - - - - - - - - - - - - -- - - - - ----India 8.17 225.09 17.36 - - - - -- - - - - - - - -- - - - - - - - - - - -
minus energy/SOP ratio of a State. A higher state ratio 

indicates that energy per lakh rupees of SDP or a State is more 

than that of all-India. On the other hand a smaller State 

ratio indicates that the State requires less energy to generate 

* the same income as that of all-India. 

* The smaller State ratio is indicated by a positive 
difference while a large ratio is indicated by a negative 
difference. 
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Table 4.6 : Statawiee Structure - Intensity Effect and Actual 
Difference in Energy/SOP Ratios 

(TCR per lakh rupees of SDP) - - - - - - -- -- - - - - - -- - - -- - - - - - - - -
State 

Structure Intensity Inter- Actual * 
Effect &ffect action Difference 

- - - --- -- -- - -- - - - - - - - - - - - -
Andhra Pradesh 
Assam 
Bihar 
Gujarat 
Kerala 
Madhya Pradesh 
Tamil Nadu 
Maharashtra 
Karnataka 
Orissa 
Punjab 
Rajasthan 
Uttar Pradesh 
West Bengal 
Haryana 
Delhi 

8.15 
6.24 
1.28 

-5.54 
4.65 
6.70 

-7.27 
-22.91 
-0.18 
7.34 
9.27 

10.14 
7.74 

-9.20 
1.99 

-0.06 

-4.97 
4.76 

-13.34 
-o.03 
7.23 

-17.44 
-o.09 
9.23 
7.37 

-51.91 
1.87 

-0.01 
-11.31 

0.07 
2.01 
2.04 

2.34 
-1.71 
0.99 
o.oo 

-1.94 
6.73 

-o.03 
12.19 
o.os 

21.97 
-1.00 
-0.01 
5.04 

-o.11 
0.23 
o.oo 

in F./G 
Ratio --

5.52 
9.29 

-11.07 
-5.57 
9.94 

-4.01 
-7.39 
-1.49 
7.27 

-22.6o 
10.14 
10.14 
1.47 

-9.09 
3.77 
1.98 

- - - - - - --- - ----- - - - --- - - - - - - - - - -
~: *Difference is between State and all India. 

The variation in the intensity of fuel use i.e. the 

intensity effect of a region as against all-India evaluated 

on the basis of the given structure of the region, implies 

that a higher intensity effect means that the given region 

uses more than average energy and the smaller one, less than 

average of it to produce the same value added as that of the 
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* entire country. On the other hand, a variation in the struc-

ture evaluated, as explained, exhibits the relative importance, 

in terms of the share of the industrial sector in the economy 

of a region as against the country as a whole. A higher ratio 

for a region indicates relatively higher share of industrial 

sector than that of the country and a smaller value to State's 

energy/GDP ratio shows relatively smaller share of industrial 

value added in its domestic product than the country as a 

** whole. 

In the light of the above discussion, Table 4.6 can be 

read as follows. For example, we consider the case of Maha

rashtra. It is seen that the difference in the actual energy/GOP 

ratios of Maharashtra and India is -1.49, which indicates that 

Maharashtra uses 1.49 TCR units more than all-India per lakh 

rupees worth of its income. These 1.49 additional TCR used by 

Maharashtra are not due to its higher intensity, as the Table 

shows that with its existing intensity Maharashtra requires 

9.23 TCR units less per lakh rupees of its income, than India. 

This low intensity effect gets offset by its higher structure 

effect. The Table shows that due to the higher share of the 

industrial sector in the SDP of Maharashtra, it requires 22.91 

TCR units more than India to generate the same income. The 

* The negative intensity effect implies higher State 
intensity, while positive intensity effect means smaller 
energy use than all-India. 

** The positive value of the structure effect implies rela
tively less importance of the industrial sector in a region, 
while the negative value of the same indicates higher share or 
industrial value added in the State domestic product. 
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residual of 12.19 TCR units is due to the interaction effect.* 

4.4.3 Results 

Considering the sign of the actual differdnce in the 

two energy/GDP ratios, which, as stated, indicates the compa

rative use of energy to produce the same GDP as that of India, 

the Table 4.6 reveals that Bihar, Gujarat, Madhya Pradesh, 

Tamil Nadu, Maharashtra, Orissa and West Bengal constitute one 

group of States which use more energy than all-India. The 

remaining States require less energy to produce the same SDP 

as that of India. 

The actual difference in the energy/GDP ratios in diff

erent States with India are explained by their structure and 

the use of energy in its industrial sector. Smaller use of 

energy (i.e. positive intensity effect) is always a desirable 

situation. Assam, Kerala, Punjab, Haryana, Maharashtra, West 

Bengal, Karnataka and Delhi have positive intensity effect. On 

the other hand, Andhra Pradesh, Bihar, Gujarat, Madhya Pradesh, 

Tamil Nadu, Orissa, Rajasthan and Uttar Pradesh use more than 

all-India energy to produce the same income with their energy 

intensities. Maharashtra ranks first with regard to the inten

sity effect with its 9.23 TCR units per lakh rupees of its SDP 

indicating energy efficiency in its industrial sector. From 

energy efficiency point of view, Karnataka and Kerala follow 

Maharashtra. On the other hand, Orissa has the highest negative 

intensity effect (51.91 TCR units per lakh rupees of its SDP). 

* The interaction effect, in general, is negligible 
except in the case of Maharashtra and Orissa. 
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Madhya Pradesh, Bihar and Uttar Pradesh are the other three 

_States with a significantly high negative intensity effect, 

indicating inefficient use of energy in their industrial sector. 

Gujarat, Rajasthan, Tamil Nadu and West Bengal have very small 

values for their intensity effect. 

A negative structure effect indicates that the energy/ 

SOP ratio of a State is more than all-India because of the 

higher share of industrial value added in the State domestic 

product, which is observed in the following States: Gujarat, 

Tamil Nadu, Maharashtra, Karnataka and West Bengal. Maharashtra 

stands first with -22.91 TCR units per lakh rupees of its SOP, 

indicating the highest level of industrialization among all 

the Indian States. Next in line are West Bengal and Tamil Nadu 

respectively. For the remaining States the structure effect 

is positive. Rajasthan has the highest positive effect indi

cating the lowest level of industrialization. The Punjab follows 

Rajasthan giving a higher positive structure effect. Andhra 

Pradesh, Uttar Pradesh and Orissa show nearly the same value 

for their structure effect while Karnataka and Delhi are found 

to have a negligible value for the structure effect. 

A further examination of the above results indicates 

that not only the signs but the magnitudes of these effects 

are also important. Hence the percentage shares of intensity 

and structure effect for each region are calculated (with the 

absolute value) and presented in Table 4.7. 

In the differences between actual energy/GOP ratios of 

States and all-India, it is noted that Bihar, Gujarat, Madhya 
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Tabla 4.7 : Statewise Percentage Contribution of Intensity and 
Structure Effect between Energy Consumption Per 
Lakh Rupees of SDP Ratio with All India 

- -- - - - ------State 

-- --- - -- -- - -
Andhra l:'radesh 
Assam 
Bihar 
Gujarat 
Kerala 
Madhya Pradesh 
Tamil Nadu 
Maharashtra 
Kama taka 
Orissa 
Punjab 
Rajasthan 
Uttar Pradesh 
West Bengal 
Haryana 
Delhi 

- - - - - - -- -- - - - - - -- - -Percentage share 
of 

structure effect 
- - -- - - -

62.12 
58.18 
8.76 

99.46 
39.14 
27.75 
98.78 
71.28 

2.38 
12.39 
83.21 
99.90 
40.63 
99.24 
49.75 
2.86 

- -
Percentage share 

of 
intensity effect --- -- -- - --

37.88 
41.82 
91.24-
0.54 

6o.86 
72.25 
1.22 

28.72 
97.62 
87.61 
16.79 

0.10 
59.37 
0.76 

50.25 
97.14 

- - - -- -- -- --- - - - - - - -- -- - - - - - - - --
Pradesh, Tamil Nadu, Maharashtra, Orissa and West Bengal have 

more than country's energy requirement per lakh rupees or their 

SDP, with their prevailing structures and energy intensities. 

Table 4.7 additionally indicates that in the case or Maharashtra 

the higher energy/GDP ratio is explained by its highest share 

of industrial income in its SDP together with its lowest energy 

use. On the contrary, in case of Orissa the position is exactly 

reverse where the highest energy use goes with a significantly 



small share of industrial income in its SOP. Gujarat, Tamil 

Nadu and West Bengal explain their higher than avorage energy/ 

GOP ratio by industrial structure alone as they use energy 

nearly equal to the nation's average. Bihar and Madhya Pradesh 

have different shares for their intensity and structure effect 

such as the intensity effect, in case of Bihar, is 91.24 per 

cent followed by 72.75 per cent for Madhya Pradesh. 

For the remaining States, viz. Andhra Pradesh, Assam, 

Kerala, Karnataka, Punjab, Rajasthan, Uttar Pradesh, Haryana 

and Delhi, the energy/GOP ratio is less than that of all-India. 

For the Punjab and Rajasthan, it is fully explained by their 

low level of industrialization. But Delhi and Karnataka have 

equal share of industrial value added in their SOP and the lower 

energy/GOP ratio for them seem to be due to their efficient use 

of energy. For the States of Andhra Pradesh, Assam, Kerala, 

Haryana and Uttar Pradesh, both these effects are between 40 and 

60 per cent and neither of the two factors seems to be dominant. 

4.5 Heavy Fuel Using Inrtustries 

The structure effect considered above in terms of the 

relative importance of the industrial sector in the regional 

economy does not take note of the industry-mix in the said 

industrial sector. We have already noted that the variation in 

the energy intensities between industries is of a significant 

order and the industry-mix of a region plays an important role 

in explaining the regional energy intensity. To uncover and 

understand the role of the industry-mix we propose to study the 

industries at their individual level. As the main focus of our 



99 

analysis is to study the energy intensities, those industries 

which are important energy consumers, are considered for this 

analysis. The industries which have more than average energy 

intensity, are categorized as Heavy Fuel Using (HFU) industries 

and the ones with less than average energy intensity are cate

gorized as Less Fuel Using (LFU) industries. The following 

* industries are covered by the HFU industries category, 

1. Distilling, rectifying and blending of 
spirits (211) 

2, Cotton Textiles (231)** 

3. Paper and Paper Products (271) 

4. Chemical Fertilizers (311.1.1) 

5. Heavy Chemicals (311.2) 

6. Chemicals (other than chemical fertilizers 
and heavy chemicals) (311 R) 

7. Structural Clay Products (331) 

a. Glass and Glass Products (332) 

9. Pottery, China and Earthenware 033) 

10. Cement 034) 

11. Basic Iron and Steel (341.1) 

12. Iron and Steel (other than Basic) (341 R) 

* There exists one industry for Miscellaneous Petroleum 
Products (329) which has slightly higher than average value 
for its energy intensity, and occurs only in two regions. 
Therefore this industry has not been listed in the HFU indus
tries category, The industries Chemicals (311) and Iron and 
Steel (341) are further disaggregated for the purpose of 
homogeneity of products. 

** The energy intensity of the Textile industry is not 
above the average. However, considering the importance of 
this industry in the Indian economy, we have included it in 
the HFU industries category. 



100 

13. Non-Ferrous Metals (342) 

14. Electricity Genaration (511). 

Before we analyse each of these industries in terms of 

energy intensity and structure effects to study the variation 

across regions, the role of HFU industries in the different 

regions is presented below. 

Different regions show different output shares of the 

above HFU industries. As these industries require more energy 

to pro~uce one rupee output, a higher share of them leads to a 

higher regional intensity. Since detailed regional comparison 

at the individual industry level, which also exhibits the rela

tive importance of HFU and LFU categories, becomes rather 

involved, we study the role at the category level only. For the 

purpose, the regional output levels of HFU and LFU industries 

along with the percentage share of HFU industries within a 

region are presented in Table 4.8. 

The highest share due to HFU industries is observed in 

Orissa, contributing nearly three-fourth of its total industrial 

output. This is followed by Madhya Pradesh and Gujarat with 

66.50 per cent and 60 per cent shares due to HFU industries in 

their total industrial output. The following four States, viz. 

Bihar, Tamil Nadu, Maharashtra and Rajasthan, have the output 

of share due to HFU industries is around the national average 

of the said share. Kerala and Assam have the least shares due 

to HFU industries category in their industrial output. 

The picture described above shows the role of HFU indus

tries within the region. If Orissa has 70 per cent share due 
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Table 4.8 : Regional Energy Consumption in HFU and LFU 
Industries for 1970 

------Region - - -- - -- - - - - -Output for 
HFU 
industries 
'OOO Rs. 

- - -- - - -Output for 
LFU 
industries 
'000 Rs. 

- - - - - -Percentage 
share of 
HFU 
industries 

- ------- - - - -- - - - - - - - - - - - - -- - - - --
Andhra Pradesh 
Assam 
Bihar 
Gujarat 
Jammu and Kashmir 
Kerala 
Madhya Pradesh 
Tamil Nadu 
Maharashtra 
Karnataka 
Orissa 
Punjab 
Rajasthan 
Uttar Pradesh 
West Bengal 
Haryana 
Andaman and Nicobar 

Islands 
Delhi 
Himachal Pradesh 
Tripura 
Pondicherry 
Goa, Daman and Diu 
Manipur 
Chandigarh 

12,90,319 
73,539 

26, 76,728 
56,13,751 

23,636 
5,28,663 

29,78,784 
46,91,939 

1,08,67,572 
16,98,440 
15,84,593 
7,69,263 
7,76,203 

24,67,586 
72,92,162 
6,03,223 

-
3,59,955 
1,05,187 

3,014 
1,23,416 

-

33,09,381 
15,68 ,487 
40,62,187 
37,29,061 

60,768 
23,71,529 
15,00,991 
57,08,238 

1,55,61,157 
27,54,390 

5,70,053 
16,04,432 
9,87,562 

54,13,306 
81,87,125 
19,13,177 

11,269 
14,17,565 

66,092 
7,622 

42,302 
27,270 

440 
94,370 

28.05 
4.48 

39.72 
60.09 
28.00 
18.23 
66.50 
45.11 
41.12 
38.14 
73.54 
32.41 
44.01 
31.31 
47.11 
23.97 

o.oo 
20.25 
61.41 
28.34 
74.47 
o.oo 
0.00 
o.oo 

- - - - - - -- - - - - - - ------- - - - - - - - - - -
All India 4,45,27,973 6,09,68,774 42.21 

--- -- - ---------- - - - - -- - - - - - - ---
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to HFU industries in its total industrial output, it does not 

imply that Orissa contributes the highest share in the total 

HFU industries output if evaluated at the country level. To 

examine, which of the State contributes the highest in the 

share of HFU industries output, the Statawise percentage shares 

of output due to HFU industries are presented in Table 4.9. 

Table 4.9 : Statewise Percentage Shares of HFU Industries 
Output 

------------------------------
State Percentage share of HFU 

industries output --- - -- - - - - - - - - - - - - - - - - - - - - - - - -
Andhra Pradesh 
Assam 
Bihar 
Gujarat 
Kerala 
Madhya Pradesh 
Tamil Nadu 
Maharashtra 
Karnataka 
Orissa 
Punjab 
Rajasthan 
Uttar Pradesh 
West Bengal 
Haryana 
Delhi 

-- - - - - - - -Total --------
------ - - - -

------- - -

2.88 
0.16 
6.70 

12.53 
1.18 
6.65 

10.47 
24.37 
3.79 
).54 
1.72 
1.73 
5.51 

16.61 
1.35 
o.so 

- - - - - - -100.00 - - - - -- -
The Table shows that Maharashtra contributes the highest 

(24.37 per cent) output due to HFU industries in the country. 

West Bengal stands second in the rank. These two States hold 
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the same ranks in respect of their total industrial output also. 

Gujarat and Tamil Nadu also found to contribute significantly 

in the output due to HFU industries of the country as a whole. 

Besides, Kerala, Punjab and Rajasthan which show very small 

share of output due to.HFU industries, Assam and Delhi are 

found to show the said share even less than one per cent. 

The association of a higher regional output share due 

to HFU industries with a higher regional energy intensity does 

not seem to hold good as seen by a comparison of the results in 

Section 4.4 with the shares due to HFU industries presented in 

Table 4.8. We find that in Bihar and Maharashtra, though the 

share of output due to HFU industries is of the same order 

(around 40 per cent of their industrial output), the isolation 

of factors of industry~ix and energy intensity indicates that 

in Maharashtra the structure effect is dominant as against 

that in Bihar, where intensity effect is significantly high. A 

similar situation is observed in Gujarat and Madhya Pradesh. It 

is to be noted that the above results confound the effect of 

the industrial composition of the regional industrial sector. 

As noted earlier, to overcome the above we study the HFU 

industries at their individual level. 

4.6 Regional Energy Intensities at Industry Level 

At the individual industry level one does not expect 

any regional variation in the energy consumption per unit of 

output if no other factors, other than energy technology are 

assumed to be operating. We test below £or the existence of 

such uniform energy intensities by comparing the regional 
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energy intensities with the all-India average in physical 

terms for each indivi~ual industry by the measure ' f' defined 

• earlier. Table ~.10 presents the classification of industries 

on the basis of the said 'r' values regionwise. 

The results in the Table ~.10 do not substantiate the 

existence of uniform energy intensities across regions for the 

HFU industries as hypoth~sized above. On the other hand, they 

exhibit the following differential pattern of energy intensities 

for the regions. Assam and Punjab are the States where all HFU 

industries are found to use less than average energy per rupee 

of their output. Contrary, Orissa is se~n to use more than all

India energy to produce one rupee output for aach of its HFU 

industries. While Bihar and Uttar Pradesh are the two States 

which show for most of their HFU industries a higher intensity 

than all-India; Maharasbtra, West Bengal, Tamil Nadu, Kerala, 

Rajasthan and Haryana are the States which are seen to require 

energy less than the average for their existing industries. In 

the case of Andhra Pradesh, Gujarat, Madhya Pradesh, Karnataka 

and Delhi about a half of the HFU industries use less than 

average energy and the remaining half use more than average 

energy. 

The following reasons may be adduced for the differential 

pattern of regional energy intensities: 

* 

1. Variation in the energy efficiency. 

2. Differences in the levels at which the 
industries operate. 

Vide Section ~.2. 
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Tabla 4.10 : Regionwise Classification of HFU Industries on the 
Basisof'Y'' 

- - - - - -- - - - - - - - - - - - - - - - -- - - - - - - - - -
State Industry 

-p~;i~i;;·;~;-;--------------N;~;ti;;-~y:~-;---

- - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - -
Andhra Pradesh 

Assam 
Bihar 

Gujarat 

Jammu & Kashmir 

Kerala 

211, 231, 311.1.1, 
341.1, 34l(R) 
231, 341.1, 34l(R) 
231, 342, 511 

311.1.1, 3ll(R), 341.1, 
341(R), 342, 511 
231, 341.1 
231, 311.2, 311(R), 511 

271, 311.2, 311 ( R) , 
333, 334, 511 

311.1.1, 311.2, 331, 
332, 334, 341.1, 34l(R) 

231, 271, 311.2, 331, 
333' 334 

331 

Madhya Pradesh 211, 231, 271, 334,341.1 33l, 333, 34l(R), 511 

Tamil Nadu 231, 271, 3ll.l.l,311(R), 311.2, 511 
331, 334, 341.1, 341(R), 

Maharashtra 

Karnataka 

Orissa 

Punjab 

Rajasthan 

Uttar Pradesh 

west Bengal 

Haryana 

Delhi 

342 

2711 311.1.1, 311.2, 
311 R) I 331, 332, 341.1, 
341(R), 342, 511 

231, 3ll(R), 34l(R), 511 

231, 341.1, 341(R), 511 

231, 34l(R), 342, 511 

341.1, 341 (R) 

231, 311.2, 3ll(R), 332, 
333, 341.1, 34l(R), 342 

. 211, 231, 332, 341-1, 
3411 R) 
341.1, 34l(R) 

• 
231 

271,331,334,341.1,342 

231{ 271, 331, 341.1, 
341 R), 511 

334 
211, 231' 271, 311.2, 
332, 333. 511 
271, 331, 511 

271, 333 

231, 332, 333 

- - - -- - - - - - - - - -- - - - - - ---- - -- - - - --
* On the basis of physical ' f' values. 
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3. Variation in the factors 
of mechanization and the 
regional output. 

as 
such/regional level 
product-mix in the 

For an assessment of the variation in the regional 

efficiency in energy use 1 all other factors will have to be 

held constant or controlled. In the following, we assess the 

said variation in the regional efficiency in energy use for 

all the individual HFU industries by using the method, noted 

earlier, in connection with the aggregate industry level 

analysis of fitting the Darmstadter model to isolate the 

structure and intensity effect. 

The necessary ratios are defined as follows. The basic 

energy/GDP ratio, used here, relates to the ratio of energy 

consumed by a single industry to the total value added by the 

industrial sector and is denoted by &i/V. It can be expressed 

as a product of two ratios: 

8i Ei vi 
v- • (v->.(v-> 

i 

where, Ei and v1 are respectively the energy consumed and 

value added of the ith industry and V is the value added of 

the entire industrial sector of a region. vlhile the ratio 

Ki/Vi represents the energy intensity, Vi/V stands for output 

relative9 of the ith industry. 

The results of the above model are presented in the 

Tables A4.3 and A
4

.4 relating to the intensity and the structure 

9 Op.cit. &PRI Study, 'Trends in Energy Use in Industrial 
Societies•, has used a similar method, where the structure 
effect at the individual level is called output relative. 
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effect respectively. The results are discussed below with 

Bihar as an illustrative case. 

We have already discussed about the nature and signif

icance of these twin effects. Sufi'ice it to say here that a 

higher State ratio for intensity effect implies an inefficient 

use of energy in the given industry and vice versa. And a 

higher State ratio for structure effect implies a higher rela

tive output for the given industry and vice versa. For instance, 

in the case of Bihar for Basic Iron and Steel industry, the 

intensity effect is -0.0553 TCR units indicating that due to 

Bihar's large use of energy in the Basic Iron and Steel industry, 

it requires 0.0553 TCR units more than all-India for generating 

* thousand rupees worth of industrial income. 

The structure effect of the above State for the said 

industry is -1.3364 TCR units more per thousand rupees worth 

of industrial income of Bihar. 

For assessing the performance of a region for the energy 

use, the regions and industries are classified into a four-fold 

grouping on the basis of the intensity and structure effects. 

Group I consists of those regions which have relatively higher 

share of value added and uses less than average energy for a 

given industry (positive intensity effect and negative structure 

effect). Group II consists of those regions having relatively 

higher value added share and also use more than average energy 

* The value 0.0553 TCR units per thousand rupees of Bihar's 
industrial value added amounts to nearly Rs. 4 crores (in 1970 
prices), evaluated as (0.0553 x Bihar's average energy 
price x industrial value added of Bihar). 
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for a given industry (both intensity and structure effects are 

negative). The Group III comprises those regions which have 

relatively smaller value artrted share and use energy efficiently 

(negative intensity effect and positive structure effect). The 

last Group IV contains those regions which use energy ineffi

ciently but have smaller relative output (both intensity and 

structure effects positive). The States falling in Group I may 

be called 'efficient', in the sense that they use energy effi

ciently and also contribute significantly to the industries 

output. The States in Group II are 'inefficient', in the sense 

that they contribute relatively high value added with ineffi

cient fu"l use. 

The following two Tables viz. 4.11 and 4.12, present the 

regionwise classification of industries and the industrywise 

classification of the regions respectively falling in the above 

four groups. The Table 4.11 indicates that Bihar and Uttar 

Pradesh are the two States which do not have a single energy 

efficient industry in its HFU industries category, while for 

Orissa and Madhya Pradesh, a significant number of HFU industries 

fall in the energy inefficient group. In the case of Gujarat, 

it is observed that the HFU industries fall into Group II and 

Group IV almost in equal numbers. Andhra Pradesh and Tamil Nadu 

do not have a single energy inefficient industry in their HFU 

industries category. On the other hand, Maharashtra, West Bengal 

and Haryana have a large number of their HFU industries as energy 

inefficient. The variations in the product-mix within an industry 

group across the regions affect the energy intensities. These 



Table 4.11 : Structure and Intensity &ffect (Statewise) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
State Total Effect 

------------------------------------------------Positive Negative 

- - - - - - - - - -Structure Positive 
Intensity Positive 

- - - - - - - - - - - -
Structure Negative 
Intensity Positive 

---------------------------------------------------------
Andhra Pradesh 

Assam 

Bihar 

Gujarat 

Kerala 

Madhya Pradesh 

Tamil Nadu 

Maharashtra 

Karnataka 

Orissa 

Punjab 

Rajasthan 

Uttar Pradesh 

West Bengal 

Haryana 

Delhi 

211, 231, 311.2, 3ll(R), 
341.1, 341(R) 

231, 341.1, 341(R) 

231, 311.2, 332, 511 

271
1 

311(R), 331, 341.1, 
341 R), 342, 511 

231, 311(R), 511 

341 (R) 

231, 271, 311.1.1,311(R), 
341.1, 341(R), 342 

271, 311.1.1, 331, 341.1, 
342, 511 

231, 311(R), 341(R), 511 

231 

231, 341.1, 341(R), 511 

231, 341 (R), 342, 511 

231, 271, 341.1, 341(R) 

2311 311.2, 331, 341.1, 
341 R) 

231, 341.1, 341(R) 

332, 341.1, 34l(R) 

271, 311.1.1, 333, 
334, 511 

511 

311.1.1, 331, 33~1 
341.1, 341(RJ, 3~ 

231, 311.1.1, 311.2, 
333, 334 

311.2, 331 

211, 231, 271, 331, 
333, 334, 341.1, 511 

311.2, 331, 334, 511 

231, 311.2 

271,331,3 34,341.1,342 

271,331,341.1, 34l(R), 
511 

334 

211, 311.2, 311(R), 
.332, 511 

271, 311(R), 332, 
3.33. 342. 511 

211, 271, 332, 333 

231, 33.3 

231, 271, 311 ( R), 
341.1 

3U(R) 

2.31, .341 ( R), 511 

271, 3.31, 341.1, 
342, 511 

231, 311 (R) 

-
311 ( R), 341.1 

3.31, .341.1, .342. 
511 

.311 ( R), 341 (R) 

-
2.31, 341.1, 341(R) 

.341 ( R) 

231, 271, 341.1, 
.341 \ R) 

-
231, .341.1 

341.1, 341(R) 

211, 311.1.1, 334, 
511 

.311.1.1, 311(R) 

3ll.2, 511 

211, .334, 341.1 

2.311 .3.31, .3.34, 
341 R), 511 

311.21 3ll(R), 3.32, 
.341 ( RJ 

271, 334, 511 

271 

511 

342, 511 

271, .3.32, 3.3.3, 
.341.1, 341(R) 

211, 332, 341(R) 

2)1 

- - - - - - - - - - - - - -- - - - - ------------------------------- -------
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- - - - - - - - - - - - - - - - - - - - -Structure N~gative 
Intensity Negative 

-------

311.1.1, .331, 334, 
341.1, 342 

231, 311.2, 333, 
334 

331 

231, 271, 331, 511 

231 

331, 342 

341.1, 341(R), 511 

334 

211, 311(R), .332, 
511 

231 

271, .3.33 

333 

- - - - - - -- - - -

Structure Positive 
Intensity Negative 

- -- - - - - - - -
311.2, 333, 341(R) 

231, 341.1, 511 

311.2, 332 

341(R) 

333, 3U(R) 

271, 311.1.1, 
311.2, 342 

271, 311.1.1 

231, 341.1 

231, 331 

231 

311.2 

.311.2, .3ll(R), 
331, 511 

332 

-----· 



'£able 4.12 : Structure anrl Intensity 6ff~c t ( Inrlustrywise) 

- - - - - -
Industry 

------
211 

231 

271 

311.1.1 

311.2 

311 (R) 

331 

332 

333 

334 

341.1 

341 (R) 

342 

511 

------ - - - - - - - - - - -
Total i!;ff~ct 

-------------------------------------------------Positive - - - - - - - - - - - -
A.P. 

A.P., Assam, Bihar, Kerala, 
Tamil Nadu, Karnataka, 
Orissa, Punjab, Rajasthan, 
U.P., W.B., Haryana 

Guj arat, Tamil Nadu, 
~~harashtra, U.P. 

Tamil Nadu, Maharashtra 

A.P., Bihar, W.B. 

A.P., Gujarat, Kerala, 
Tamil Nadu, Karnataka 

Gujarat, Maharashtra, 
w.B. 

Bihar, Delhi 

A.P., Assam, Gujarat, Tamil 
Nadu, Maharashtra, Punjab, 
U.P., W.B., Delhi, Haryana 

A.P., Assam, Gujarat, M.P., 
Tamil Nadu, Karnataka, 
Punjab1 Rajasthan, U.P., 
W.B., uelhi, Haryana 
Gujarat, Tamil Nadu, 
Maharashtra, Rajasthan 
Bihar, Gujarat, Kerala, 
Maharashtra, Karnataka, 
Punjab, Rajasthan 

Negative 

i•l. P. , U. P. , Haryana 

Gujarat, M.P. 1 .t-1aharashtra, Delhi 

A.P., M.P., Karnataka, 
Orissa, \'i .B., Haryana 

A.P., Bihar, Gujarat 

Gujarat, Kerala, Tamil 
Nadu, Maharashtra, U.P. 

Maharashtra, U.P., 
W.B. 

Bihar, Kerala, M.P., 
Tamil Nadu, 
Karnataka, Orissa 

Maharashtra, U.P., 
W .B., Haryana 

A.P,, Gujarat, M,P,, 
W.B., Delhi, Haryana 

A.P., Bihar, Gujarat, 
M.P., Tamil Nadu, 
Karnataka, Rajasthan 

Bihar, M,P,, 
Karnataka, Orissa 

Bihar, Maharashtra, 
Orissa 

Bihar, Karnataka, 
w.B. 
A.P.i Assam, M,P,, 

.Tami Nadu, Orissa, 
U.P., W.B. 

- - - - -
Structure Positive 
Intensity Positive 

- - - - -

A.P., Bihar, Kerala, 
Punjab, U.P,, 
Haryana 

A.P., Gujarat, U.P. 

-

A.P., Kerala, Tamil 
Nadu, Karnataka 

Gujarat, 
Maharashtra 

A.P., Gujarat, Tamil 
Nadu, Maharashtra, 
Punjab, U.P., Delhi, 
Haryana 

Assam, Bihar, 
Kama taka, Punjab, 
Rajasthan,U.P., Delhi 

Gujarat, Maharashtra 

Bihar, Gujarat, 
Maharashtra 

- - - - -
Structure Negative 
Intensity Positive 

------
A.P., M.P., Haryana 

Tamil Nadu, Delhi 

Karnataka, Orissa, 
W.B. 

A.P., Gujarat 

Kerala, Maharashtra 

Gujarat, 
Maharashtra 

Tamil Nadu 

Maharashtra, W.B., 
Haryana 

W.B. 

A.P,, M.P., Tamil 
Nadu, Karnataka 

M.P., W.B. 

Tamil Nadu, 
Maharashtra, 
W.B., Haryana 

Rajasthan, W,B, 

A.P., Kerala, Tamil 
Nadu, Karnataka, 
Punjab, Rajasthan 

110 

- -- - - - - - - - - - - - - - - - - - -Structure Negative 
Intansity Negative 

- - - - -
U.P. 

Gujarat, M.P., 
Maharashtra, w·.s. 

M.P. , Haryana 

Bihar 

Gujarat 

U.P. 

Bihar, Kerala, 
M.P., Karnataka 

U.P. 

Gujarat, Delhi, 
Haryana 

Bihar, Guj arat, 
Jiajasthan 

Bihar, Orissa 

Orissa 

Bihar, Karnataka 

M.P., Orissa, U.P. 

Structure Positive 
Intensity Negative 

Assam, Karnataka, 
Orissa, Rajasthan 

Tamil Nadu, 
Maharashtra 

Tamil Nadu,Maharasc 

A.P., Bihar, Tamil 
Nadu, U.P., W.B. 

w.B. 

Orissa, W.B. 

Bihar, Delhi 

A.P., M.P. 

Assam, 
Karnataka 

A.P., Gujarat, 
M.P. 

Tamil Nadu 

Assam, W.B. 

-------------------- ----------- - - - - - - - - - - - - - - - - - - - - - - - ---- - - - - - - - - - - - - - - - - - - - - -
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variations could not be considered in the analysis as data are 

not available in that detail. This limitation, it is hoped, 

would not seriously affect the above conclusions. 

From industry point of view, as gleaned from Tabla 4.12, 

out of the four groups the two groups which use lass than ave

rage energy, showing positive intensity effect, are important, 

because of efficient energy use. The regions with less than 

average energy usa and relative output, are more important from 

the point of view of expansion of the relevant industry. The 

third and fourth columns of the Table 4.12, represent these 

States for each of the HFU industries. The following observa

tions emerge from a scan of the said columns. 

Alcohol, Fertilizers, Heavy Chemicals, Glass and Glass 

Products, Pottery--China and iarthenware and Cement industries 

show that all States, which use less than average energy, 

contribute more than average value added. On the other hand, 

industries such as Textiles and Iron and Steel have a large 

number of regions which are anergy efficient but their value 

added shares are less than all-India. The industries such as 

Non-Ferrous Metals, Structural Clay Products and Chemical 

(General) a~ found as per the Table (4.12) in those regions 

which are not energy efficient. In the case of Electricity 

Generation industry, it may be observed that those regions 

which are energy efficient and have more than average value added 

share, are known for their hydel based power generation. There

fore, it is difficult to assess the energy efficient regions 

for the electricity generation. 



112 

To quantify the above results, the shares of value added 

in the above four groups are calculated for each industry and are 

presented in Table 4.13. It is observed that about one-third 

value added of the total HFU industry group comes from the energy 

efficient (both structure and intensity basis) regions. About 

43 per cent income from the same group is generated from the 

energy inefficient group. The regions which use energy effi

ciently but produce less than average share, contribute only 14 

per cent and the other group which uses energy inefficiently and 

also produces less than average income share has the lowest 

income share (7.4 per cent). 

Table 4.13 : Industrywise Percentage Share of Value Added for 
Four Groups Based on Intensity and Structure Effect 

--.------------------------------
Industry Group I Group II Group III Group IV ---------------------------------
211 
231 
271 
311.1.1 
311.2 
3ll(R) 

331 
332 
333 
334 
341.1 
341 (R) 

342 
511 

10.48 
7.11 

16.55 
10.55 
21.12 
28.86 

53.96 
13.11 
39.85 
74.80 
59.35 
79.32 
11.63 
78.56 
46.38 
66.94 
36.09 
76.30 
29.89 
46.05 

46.04 
72.19 
23.63 
9.58 

22.37 
8.26 

53.89 
19.32 
48.16 
33.06 
46.40 

4.43 
41.00 
15.25 

4.22 
29.41 
15.62 
18.28 

9.12 
8.65 
2.12 
5.46 

o.o6 
8.72 
7.99 
9.84 

- - - - - - - - - - - - - - - - - - - - - - ------ - - - --
Average of all Industries 14.15 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --
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Alcohol industry has half of its income generated from 

the energy efficient States and the remaining half from the 

energy inefficient regions, both having more than average share 

of value added. Chemical in~ustries in general, have quite high 

share of their income from energy efficient States. -In the 

aggregate Chemical industry about 70 per cent value added comes 

from the said group. The Structural Clay Products shows a diff

erent picture, producing only 11.63 per cent of its income from 

energy efficient (higher value added share) States. Glass and 

Glass Products and Cement industries have a significant share 

of their income from energy efficient regions. Basic Iron and 

Steel and Non-Ferrous Metal industries contribute to their high 

income share by energy inefficient States as against Iron and 

Steel industry (other than Basic) which has three-fourths of its 

income from energy efficient region. Electricity Generation 
/ 

industry has a small share of its income from the energy 

inefficient States. 

The above analysis shows that Bihar and Uttar Pradesh use 

energy very inefficiently and particular attention may have to 

be paid in these two regions for better utilization of the energy. 

More than half (57 per cent) of the value added of HFU industries 

comes from energy inefficient regions. Textiles, Structural Clay 

Products and Non-Ferrous Metals are the major industry groups 

where large part of the output comes from energy inefficient 

regions. Even after accounting for product-mix differences and 

other locational factors there appears to be considerable room 

for energy saving either by reallocating the industries or/and 

by improving the efficiency of energy utilization in some of the 

States. 
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Table A4 .1 : Data for State Domestic Product and Endrgy 
Consumption 

State 

- - - - - - - - - -
SDPll< 

(Rs, 
lakh) 

- - - - - - - - - - - -
ll< 

SDP 
(Industry) 
(Rs. 
1akh) 

Energy 
(In-Justry) 
TCR 
units 

ii:n.,rgy 
(Industry) 
'000 Rs. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Andhra Pradesh 

Assam 

Bihar 

Gujara t 

Kerala 

Madhya Pradesh 

Tamil Narlu 

/olaharashtra 

Karnataka 

Orissa 

Punjab 

Rajasthan 

Uttar Pradesh 

~.·est Bengal 

Haryana 

Delhi 

251070 

77300 

224540 

221270 

122b70 

200030 

242070 

399170 

197620 

107060 

138l!l0 

158730 

425650 

320970 

83670 

51910 

10882 

4047 

17001 

23fl57 

7344 

10039 

2El0Elo 

75o96 

16323 

5049 

5265 

5394 

192El5 

40146 

6056 

4259 

2972El96 247flfl2 

4124609 71801 

6421120 5795b4 

5074868 660317 

909999 106343 

4273370 324410 

5991821 509363 

7528616 1040363 

1994256 210777 

4278711 

997678 

1146245 

6762591 

8523410 

79fl36El 

1137119 

348Hl3 

74061 

120094 

631688 

715291 

125346 

101310 

-------------------------
Inrl ia 343MOO 2El0945 63237353 5905364 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ll< Source : National Accounts Statistics, 1970-71 to 1976-77, 
January 1979, c.s.o., Government of India. 
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Table A~~ : ruel Intensity or Total Fuel Input Coefficient, State x HFU In1ustries, 1970 [In TCR/000 Hs. Output] 

--------- ------ ------- - - - - - - - - - - - - - - - - - - - - -211 231 271 311.1.1 311.2 311 (H) 331 332 333 334 341.1 341 (R) 342 511 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - -------
Andhra Pradesh 

Assam 

Bihar 

Gujarat 

Kerala 

Madhya Pradesh 

Tamil Nadu 

Maharashtra 

Karnataka 

Orissa 

Punjab 

Hajasthan 

Uttar Pradesh 

West Bengal 

Delhi 

Haryana 

.. - - - - - -

0.091802 0.249489 1.349233 0.681652 1.557681 0.674497 

0.224219 

0.291985 2.684442 1.838632 

0.401480 1.282852 0.715135 1.159484 0.381995 

0.210767 0.784366 

0.912836 0.324797 0.938355 

2.249477 3.263142 

2.361552 

3.350648 

2.629067 

0.236425 0.821035 0.525154 2.232364 0.202957 1.508627 

0.400788 0.397605 0.869256 0.608459 0.453549 1.761578 0.961082 

0.275967 1.282342 3.731068 

0.338466 1.581177 2.744392 

0.254963 

0.292802 

3.571417 2.888505 0.307098 0.353502 3.182644 

0.355583 0.457801 67.244141 

3.095799 2.254381 1.433298 0.792627 1.05748C 

1.950835 3.140957 0.172879 0.256781 0.209214 2.530782 

0.00465S: 

2.420971 2.760204 0.495594 0.729518 5.599266 

2.692190 0.213953 0.337905 0.424095 3.22113t 

0.298629 0.513900 0.107229 1.149945 

3.049629 3.618153 0.482003 0.505197 0.00108; 

2.377623 2.50895l 3.736618 

0.310621 0.533705 0.071657 

3.086040 0.566470 0.134510 0.38921G 

1.925141 0.338419 1.293537 - 2.163478 2.222274 2.934701 0.616813 0.334045 4.49522S 

0.454686 0.559747 0.165214 4.83602$" 0.257938 1.286582 

0.414313 

0.497412 0.237456 1.055062 

0.833688 0.413567 2.564418 1.358141 1.292420 

1.981235 . 2.536819 

0.711008 1.883145 

0.255240 0.495114 

0.350719 0.108936 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



Table A4.3 : Intensity &ffect* for All HFU Industries at Regional Level 

- - - - -
State Industry 211 2)1 
------ - - - - - - - - - -
Andhra Pradesh 

Assam 

Bihar 

Gujarat 

Kerala 

Madhya Pradesh 

Tamil Nadu 

i-1aharasht ra 

Karnataka 

Orissa 

Punjab 

Rajasthan 

Uttar Pradesh 

West Bengal 

Delhi 

Haryana 

- - - - - - - - - -

{+vel 
0.0025 

{+vel 
0.0007 

{-vel 
0.0022 

(+vel 
0.0008 

(+ve) 
0.0051 

{-ve) 
0.1564 

{+vel 
0.0355 
{-vel 
0.0432 

{+vel 
0.0448 

{-vel 
0.0435 

{+ve) 
0.0352 

{-vel 
0.0057 

{-vel 
0.0149 

{-vel 
0.0390 

(+vel 
0.0197 

{-vel 
0.0260 

(-ve) 
0.0334 

{+vel 
0.0595 

(-vel 
0.0568 

(-vel 
0.0190 

- - - - - - - - - - -
271 311.1.1 311.2 311 (H) 331 

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

(-vel 
0.1133 

(-vel 
0.0598 

( :tve) 
0.0293 

(+vel 
0.0068 

(+vel 
0.0367 

(-vel 
0.0172 

(-vel 
0.0410 

(-vel 
0.0476 

(-vel 
0.0163 

(+vei 
0.0006 

(+vel 
0.0174 

{-vel 
0.1351 
{+vel 
0.0245 

(-vel 
0.0153 

(-ve) 
0.0263 

(-vel 
0.0817 

(-vel 
0.0570 
(-vel 
0.0099 

(+vel 
0.0181 

(-vel 
0.0734 

{+vel 
0.0236 

{-ve) 
0.1025 

(-vel 
0.0065 

(+vel 
0.0310 

(+vel 
0.0200 

{+vel 
0.0452 

(+vel 
0.0351 

{+vel 
0.0140 

{+vel 
0.0447 

{-vel 
0.1281 

(-vel 
0.029Q 

(-vel 
0.0037 
{+vel 
0.0049 

{-vel 
0.0008 

(-vel 
0.0034 

{+vel 
0.0018 

(+vel 
0.0090 

(-ve) 
0.0049 

{-vel 
0.0204 

(-vel 
0.0015 

116 

- - - - - - - - - - - - - - - -
332 333 334 341.1 341 (R) 342 

~ - - . - - - - ,_ -- - - - - - - - - - - - - - - - - - - -

(-vel 
0.0213 

(+vel 
0.0059 

(-vel 
0.0159 

(+vel 
0.0011 

(-vel 
0.0141 

(+vel 
0.0078 

(-vel 
0.0076 

(-vel 
0.0005 

(-vel 
0.0006 

( +ve) 
0.0013 

(-vel 
0.0024 

(-ve) 
o.oooo 

(+ve) 
0.0296 

(-vel 
0.0676 
(-vel 
0.0321 

(+vel 
0.0370 

(+vel 
0.0059 

(+vel 
0.0114 

(-vel 
0.0298 

(+vel 
0.1924 

(-vel 
1.6371 

(-ve) 
0.0556 
(+vel 
0.2502 

(+vel 
0.1768 

(+ve) 
0.1284 

(+vel 
0.2500 

(+vel 
0.2264 

(-vel 
1.9893 

( -ve) 
0.4,340 

{+ve) 
0.2009 

(+vel 
0.1741 

{+vel 
0.1715 

{+vel 
0.1945 

(+vel 
0.1855 

(-vel 
0.2271 

(+vel 
0.0275 

(-vel 
0.3557 
(+vel 
0.0266 

(-vel 
0.0041 

(+vel 
0.0262 

(+vel 
0.0119 

(+vel 
0.0291 

(-vel 
0.1407 

{-tv e.) 
0.0137 

(+vel 
0.0100 

(+vel 
0.0186 

(+vel 
0.0387 

(+vel 
0.0052 

(+vel 
0.0346 

{-vel 
0.0089 
(+vel 
0.0025 

(-vel 
0.0035 

{+vel 
0.0054 

(-vel 
0.0038 

(+vel 
0.0057 

{+vel 
0.0066 

5L 

(+ve 
0.12. 

(-ve 
21.4!k 

(+ve 
0.41-
(+ve 
0.09 

(+ve 
o. 74-

{-ve 
0.5L 

(+ve 
0.03 

(+ve 
0.4; 

(+ve 
0.7L 

{-ve 
0.14 

(+ve 
0.7<. 

(+ve 
0.67 

{-ve 
0.5~ 

(-ve 
0.9:: 

-------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
*Energy (TCR) required to prortuce '000 Hs. of income of industrial sector at regional level, 1970. 
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Table A4. .4 : Structure Effect* for All HFU Industries at Regional Level 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
State In-lustry 211 231 271 311.1.1 311.2 311 ( Rl 331 332 333 334 341.1 341 ( Rl 342 511 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Andhra Pradesh 

Assam 

Bihar 

Gujarat 

Kerala 

Madhya Pradesh 

Tamil Nadu 

Maharashtra 

Karnataka 

Orissa 

Punjab 

Rajasthan 

Uttar Pradesh 

West Bengal 

Delhi 

Haryana 

(-vel 
0.0192 

(-vel 
0.0052 

(-vel 
O.Ol4S 

(-vel 
0.0102 

- - - - - - - - - - - - - - -

(+vel 
0.131S 

(+vel 
0.2204 

(+vel 
0.2161 

(-ve) 
0.2S31 

(+vel 
0.1569 

(-vel 
0.0070 

(-ve) 
0.0313 

(-vel 
0.0349 

(+vel 
0.1422 

(+ve) 
0.1679 

(+vel 
0.0075 

(+ve) 
0.0403 

(+vel 
0.0637 

(-vel 
0.0523 

(-vel· 
0.0155 

(+vel 
0.1164 

- - - -

(+vel 
0.0315 

(+vel 
0.0445 

(-vel 
0.22M 

(+ve) 
0.0274 

(+vel 
0.0073 

(-vel 
0.0232 

(-vel 
0.3164 

(+vel 
0.0343 

(-vel 
0.0253 

(-vel 
0.1172 

- - - - -

(-vel 
O.l9S5 

(-vel 
0.022S 

(-vel 
O.l99S 

(tvel 
0.0261 

(+vel 
0.0221 

(+vel 
0.0477 

(+vel 
0.0495 

(-vel 
0.0906 

(-vel 
0.0999 

(+ve) 
0.0070 

(-vel 
0.0515 

(+ve) 
0.0266 

(+vel 
o.o3a6 

(+vel 
0.0406 

(-vel 
0.0322 

(+vel 
0.0350 

(+vel 
0.0355 

(-vel 
o.062S 

(+vel 
0.0447 

(-ve) 
o.ooaa 

(+vel 
0.0167 

(-vel 
0.04S3 

(+vel 
0.0001 

(-vel 
0.1146 

(-vel 
0.0061 

(-vel 
0.0037 

(+vel 
o.ooaa 

(-vel 
0.0419 

(+vel 
0.0004 

(+vel 
0.0127 

- - - - - - - - - - - - - - - - - - - - -

(+vel 
0.0127 

(-vel 
0.0096 

(-vel 
0.0312 

(-vel 
0.0156 

(+vel 
0.0121 

(-vel 
0.0557 

- - - - -
* Energy (TCRl required to pro~uce 000 Rs. income from in~ustria1 sector at Regional level, 1970. 

(+vel 
0.0020 

(-vel 
0.0103 

(+vel 
0.0004 

(-vel 
0.0102 

(-vel 
O.J079 

(-vel 
0.0296 

(-ve) 
0.3479 

(-vel 
0.1176 

(-vel 
0.0731 

(-vel 
0.7S45 

(-vel 
0.1761 

(-vel 
0.1797 

(-vel 
0.6772 

(+ve) 
0.2669 

(+vel 
0.2S43 

(-vel 
1.3364 

(+vel 
0.2446 

( +vej 
0.245g 

(-vel 
o.S753 

(+vel 
0.2094 

(+vel 
0.2237 

(+vel 
0.2466 

(-vel 
l. 7112 

(+ve) 
0.0690 

(+vel 
0.1644 

(-vel 
O.l4Sl 

(+ve) 
0.2199 

(+ve) 
0.2491 

(+vel 
0.0420 

(+vel 
0.0340 

(+vel 
0.0295 

(+ve) 
0.0049 

(+vel 
0.0311 

(-vel 
0.0119 

(-vel 
0.0212 

(+vel 
0.03)2 

(-vel 
0.0626 

(+vel 
0.0101 

(+vel 
0.0)92 

(+vel 
0.0114 

(-vel 
0.0095 

(+vel 
O.OJM 

(-vel 
0.063S 

---------------

(-vel 
0.047S 

(+vel 
0.0155 

(+vel 
0.0033 

(+vel 
0.0037 

(-ve) 
0.029S 

(-vel 
0.0000 

(-vel 
0.0151 

(-ve) 
0.5S01 

(+vel 
C.4477 

(+ve) 
0.2699 

(+vel 
0.0972 

i-ve) 
0.5069 

(-vel 
0.3525 

(-vel 
O.J72J 

(+vel 
0.2626 

(-vel 
0.6453 

(-vel 
0.0643 

(-vel 
1.1570 

(-ve) 
o.oaa2 

(-ve) 
0.1120 

(+vel 
0.2641 

- - - - - - - - - -



CHAPTER 5 

COST EFFICIENCY OF FUEL US& 

In the earlier chapter the analysis was based on physical 

energy efficiency and the emphasis was on its effect on income 

generated. while physical energy saving is an important factor, 

the costwise consideration of energy consumption is equally 

important. The fuelwise prica variation across regions and the 

interfuel substitutability lead to differences in the level of 

consumption of various fuels in different regions, for the same 

industry. In view of this, we try to understand· the cost 

efficiency across regions. We propose to analyse the cost 

efficiency for each of the HFU industries. 

5.1 hegionwise Use of Fuels at Individual Industry Level 

In Table 

unit output for 

A5.1 are presented the regionwise fuel use 

* different HFU industries. The following 

per 

* The fuelwise consumption variability across regions for 
a single industry has been technically tested by the use of the 
following model - y y + y + 8 ij.i j ij 

. th th where for a given ~ndustry, Yij is the i fuel consumed in j 
region, Yi is the fuel affect and Yj is the location effect and 
&ij is a random affect. 

Under the assumption of systematic variation alone, Eij, 
a residual term, becomes a random variable, which is normally 
distributed. This assumption is tested by testing the normality 
of these Eij's for each of the HFU industry group. The results 
showed that all industries except Pottery--China and Earthenware, 
have a non-normal distribution for their residual terms. 

118 
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observations base~ on it serve as a background for the cost effi

ciency of fuel use across the regions for a given HFU industry. 

The observations pertain mostly to industries showing significant 

differentials in fuel usage across the regions. 

As regards the Paper in~ustry, Haryana seems to prefer 

Coal as against Electricity, while Tamil Nadu seems to substitute 

Coal by Other Fuel Oils and Maharashtra seems to make more than 

average use of fuels except Electricity and Coal. In the case of 
r 

Fertilizer industry, Bihar shows high Coal consumption as one 

expects because of its resource endowment, but it is surprising 

that its Heavy Chemicals industry shows a greater usage of 

Electricity than Coal. For the Chemical industry, both Heavy 

and Others, Gujarat and Maharashtra show more than average use 

of Other Fuel Oils in preference to other fuels. 

For the Structural Clay Products industry, it is inte

resting to note that a significant consumption of Firewood is 

found in the States of Kerala and Karnataka. In the case of 

Pottery--China and Earthenware industry, surprisingly use of Coal 

is relatively vary low for West Bengal, despite its locational 

advantage for it. As for the Cement industry while Rajasthan 

shows higher Coal consumption, Gujarat shows higher use of Other 

Fuel Oils as the major fuel for the industry. 

For Iron and Steel industry, Bihar and Orissa show a 

different picture from all other States, by making a high use 

of Coal. 

It is well known that fuel use for Electricity Generation 

is different for the different technologies used for the same. 
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The States of Punjab, Kerala and Karnataka are the three States 

with hydel based power generation, indicating a very low fuel 

usa. On the other hand, all other States have thermal power 

generation showing the high consumption either of Coal or Oil, 

depending on the technique of the region. 

5.2 Method for &valuation of Cost Efficiency 

We have already noted that there is a variation in the 

consumption.pattern of fuels across regions for a givan indus

try, we further note here that a ragion reasonably adopts the 

minimum enargy cost pattarn for an industry. This minimum 

cost can be on the basis of absolute money value at the exist

ing technology and the regional price and the relative cost in 

comparison with other regions. Hanca tha cost afficiency is 

examined on both the considerations above as absolute cost and 

the relative cost. Tha evaluation of the above defined cost 

efficiencies is considered below. 

Let 

• quantity of ith fuel consumed in jth region 
! i • 1 , 2, ••• m fuels and j • 1 , 2, ••• n regions} 

Vij • value of Qij 

Aij a Quantity of ith fuel consumed in jth region, expressed 

in TCR units* 

Pij • price of the ith fual in jth region per TCR unit, 

• Vi/Aij 

by its 
Aij is derived by multiplying the consumption quantity 
respactive conversion factor. 
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aij • Aij/Xj is the fuel input coefficient in energy 
unit where Xj is the output of the jth region 
for the given industry. 

Then (a1j • P1jl is the value of the energy requirement 

par unit of output of the ith fuel in the jth region and 
m 
r a1j Pij is the value of total energy required in the jth 

1•1 
region to produce one unit of output of the said industry in 

the ith region. 

Now [aij] is the given fuel input coefficient vector 

for the jth region for a given industry. The cost evaluation 

of this fuel technology at the prevailing prices in the jth 

region for all fuels is the real fuel cost per unit of output 

of the said industry. The cost of the jth region's fuel 

technology evaluated by the price vector of other regions are 

the hypothetical costs of fuels for the said industry with 

jth region's fuel technology. Such real and hypothetical costs 

are represented by the elements of the cost matrix E (sJl with 

its order (n) equal to the number of regions, in which the 

industry, under study, exists. 

Then EJ • (j • 1,2, ••• n and 1 •1,2, ••• n 
and m is the number of fuels) 

denotes the cost of energy with jth regions technology and 

prices of the region '1' for a given industry. For the same 

value of j and 1, i.e. the diagonal elements of the matrix E, 

the existing energy cost for the jth region is obtained. The 

off-diagonal elements represent the hypothetical energy costs. 

The above cost matrices (E) aroa evaluated for each of 
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the HFU industries an~ are presented in Tables 5.1 to 5.14. 

Table 5.1 Industrywise Cost Matrices (&~) 
In~ustry 211 - Alcohol In1ustry 

- - - - - - - - - - - - - - - - - - - - - - - - -
State prices 

State technologies 
-------------------------------1 2 3 4 - - - - - - - - - ------ - - - - - - - -

1. Andhra Pradesh 10 9 10 10 
2. Madhya Pradesh 81 78 86 91 
3. Uttar Pradesh 162 160 178 189 
4. Haryana 46 43 47 51 

- - - - -- - -- - - - - - - - -
To understand the cost matrix &, let us, for example, consider 

the same i'or the Chemical Fertilizer inrlustry (311.1.1). As 

the inrlustry Opdrates in five regions (n • 5), the order of 

the & matrix is i"ive. The matrix is given below, where the 

column represents the cost of fuel usa at a region's price with 

varying technologies, while the row reprdsents the said cost 

at a region's technology for varying prices. 

E Matrix for Chemical Fertilizer Iniustry (311.1.1) 

Regional Technologies 
-------------------------------kegional Prices 1 2 3 4 5 

1. Andhra Pradesh 75 72 134 89 82 
2. Bihar 160 134 144 276 274 
3. Gujarat 72 52 100 93 85 
4. Tamil Nadu 57 53 95 67 62 
5. Maharashtra 93 87 163 111 103 

Consider the first row of the above matrix. The element 

e,, is the existing fuel cost viz. Rs.75 per 000 Rs. of Ferti-

lizer output. The element &12 is the cost of 000 Rs. of 



Table 5.2 : Industrywise Cost Matrices (E3): In~ustry 231 - Cotton Textiles 

------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
State 

State Technologies 
-------------------------------------------------------------------------------Prices 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1. Andhra Pradesh 36 34 38 36 38 36 34 29 27 42 31 38 39 36 45 39 
2. Assam 34 31 36 34 36 34 31 27 24 39 28 35 37 34 42 35 
3. Bihar 30 33 32 36 37 33 33 29 30 32 34 37 35 29 39 37 
4. Gujarat 52 49 54 54 57 55 50 43 41 63 49 60 59 52 67 60 
5. Kerala 36 32 38 34 35 39 32 27 24 50 31 41 40 38 49 42 
6. Madhya Pradesh 40 40 43 43 45 42 42 34 33 45 )8 45 45 40 52 45 
7. Tamil Nadu 41 35 41 )8 40 43 35 30 27 53 33 44 45 41 52 44 
8. Maharashtra 67 56 63 61 63 84 60 51 50 110 68 86 81 72 94 90 
9. Karnataka 47 40 46 43 45 57 47 36 34 74 46 59 56 51 66 61 ...... 

10. Orissa 41 43 45 48 50 44 118 38 38 45 44 50 48 41 55 50 "' "" 
11. Punjab 32 32 34 35 )6 34 32 28 27 36 31 )6 36 32 41 37 
12. Rajasthan )8 37 41 41 43 40 53 33 31 43 )6 43 43 38 49 43 
13. Uttar Pradesh 42 42 45 46 48 44 45 36 35 48 40 47 47 42 54 48 
14. West Bengal 38 37 40 40 41 39 39 32 31 43 35 41 41 37 47 41 
15. Delhi 43 47 47 52 54 47 93 41 43 47 49 54 51 42 57 54 
16. Haryana 31 30 33 33 .34 32 37 26 25 35 29 34 34 30 39 34 

------ - - - -------- - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - -



Table 5.3 : Industrywise Cost Matrices (Ei) : Industry 271 - Paper and Paper Products 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
State 
Prices - - - - - - - - -

1. An1hra Pra1esh 

2, Gujarat 

3. Madhya Pradesh 

4. Tamil Nadu 

5. Maharashtra 

6. Karnataka 

7. Orissa 

8. Uttar Pra1esh 

9. \test Bengal 

10. Haryana 

State Technologies 

-----------------------------------------------------------------1 

142 

134 

131 

89 

44 

143 

179 

145 

134 

143 

2 3 5 6 7 8 9 10 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

191 

187 

176 

131 

6) 

197 

231 

189 

167 

185 

166 

142 

147 

101 

54 

162 

179 

154 

122 

150 

162 

150 

149 

99 

49 

162 

201 

164 

149 

162 

139 

127 

125 

89 

46 

139 

159 

134 

113 

130 

143 

136 

133 

89 

43 

144 

183 

148 

138 

146 

133 

118 

118 

82 

43 

131 

151 

127 

106 

124 

165 

151 

150 

103 

51 

164 

197 

163 

144 

160 

153 

134 

136 

95 

50 

150 

170 

144 

118 

140 

170 

156 

155 

106 

53 

170 

203 

168 

148 

165 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Tab1o:t 5. 4 : In-lustrywiso:t Cost ?-latrices (E1) : 
In-lustry 311.1.1 - ~'o:~rtilizt~r~ (Cho:~mica1) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -State Techno1ogios 
State -------------------------------Prico:~s 1 2 3 4 5 - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1. Andhra Pradesh 75 72 134 89 82 
2. Bihar 160 134 144 276 274 
). Gujarat 72 52 100 93 85 
4. Tamil Nadu 57 53 95 67 62 
5. ?-lahar ash tra 93 87 163 111 103 
- - - - - - - - - - - - - - - - - - - - -
Table 5.5 Industrywiso Cost Matrices (&}> 

Industry 311.2 - Heavy Chemicals 

------ - - - - - - - - - - - - - - - - - - - - - - - - -
State 

State Technologies 
-----------------------------------·----Prices 1 2 3 4 5 6 7 8 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1. Andhra Pradesh 202 219 226 143 139 188 148 158 
2. Bihar 252 273 285 159 154 229 154 180 
J, Gujarat 173 163 172 174 176 178 208 163 
4. Kerala 113 124 121 84 74 104 97 93 
5. Tamil Nadu 32o 360 355 218 194 292 237 249 
6. i•laharashtra 87 94 91 o9 62 81 81 74 
7. Uttar Pradesh 238 242 277 185 206 236 177 188 
8. \;est Bengal 104 112 119 71 72 97 69 78 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Table 5.6 : Industrywise Cost Matrices (E~}: Industry 311 (R) -

Chemicals (axclul'li ng r'o:~rtilizars and Heavy Chemicals) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
State Technologies 

State -------------------------------Prices 1 2 J 4 5 
- - - - - - - - - - - - - - - - - - - - - - - - -
1. Andhra Pradesh 130 113 146 90 128 
2. Gujarat 63 60 87 49 59 
). Tamil Nadu 39 34 44 27 38 
4. Maharashtra 78 71 113 60 78 
5. West Bengal 63 58 73 46 59 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -



126 

Table ~·Z • Inrlustrywise Cost Matrices ( &~) . • . 
Industry )Jl J 

- Structural Clay Products 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --
State 

State Technologies 
-------------------------------------------Prices 1 2 J 4 5 6 7 8 9 - - - - - - - - - - - - - - - - - - - - - - - - -

1. Bihar 150 207 277 169 227 164 281 199 190 
2. Gujarat 149 20) 259 158 224 182 265 186 217 
). Kerala 185 269 20) 16) 22) .326 177 1)8 376 
4. Madhya Pradesh 162 227 289 172 )10 175 287 207 209 
5. Tamil Nadu 218 218 2)9 246 199 200 279 218 426 
6. Maharashtra 141 206 2)5 180 182 152 240 212 226 
7. Karnataka 192 286 221 168 240 )51 191 147 397 
8. Orissa 212 265 )15 212 J7J 208 )21 2)7 294 
9. West Bengal 140 214 )00 161 245 165 297 205 149 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Table 5.8 : Industrywise Cost Matrices (&jl : 
Industry ))2 - Glass and Glass Products 

--------------------------------
State 
Prices 

State Technologies 
---------------------------------------1 2 J 4 5 6 

--------------------------------
1. Bihar 
2. Maharashtra 
J, Uttar Pradesh 
4. West Bengal 
5. Delhi 
6. Haryana 

- - - - - - - - - - - -

118 
276 
180 
2)2 

181 
221 

176 
1)0 
160 
1)7 
147 
106 

278 
165 
225 
185 
21.3 
1)1 

182 
135 
168 
135 
146 

115 

323 
158 
247 
187 
230 
129 

297 
154 
234 
182 
219 
115 

- - - - - - - - - - - - -
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Table 5.9 In~ustrywise Cost Matrices (E~) : 
In1ustry 333 - Pottery, China and Earthenware 

- - - -
State 
Prices 

- - - - - - - - - - - - - - - - - --------
State Technologies 

----------------------------------------1 2 3 4 5 6 7 - - - - - - - - - - - - - ------
1. Andhra Pradesh 
2. Gujarat 
3. Madhya Pradesh 
4. Uttar Pradesh 
5. west Bengal 
6. Delhi 
7. Haryana 

234 373 266 
216 237 22b 
219 277 236 
227 329 248 
155 177 157 
180 274 201 
146 211 160 

339 234 344 
303 226 363 
309 225 349 
313 218 311 
187 150 201 
255 176 254 
200 140 199 

325 
422 
377 
292 
209 
240 
185 

------------- ---------------

Table 5.10 Industrywise Cost Matrices (E~) : 
Industry 334 - Cement 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
State 
Prices 

State Technologies 

----------------------------------------1 2 3 4 5 6 7 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1. Andhra Pradesh 
2. Bihar 
3. Gujarat 
4. Madhya Pradesh 
5. Tamil Nadu 
6. Karnataka 
7. Haj asthan 

219 226 306 220 281 
238 239 330 233 310 
398 412 351 296 340 
237 242 319 230 296 
274 286 288 229 272 
233 240 324 233 299 
226 202 303 196 305 

250 284 
273 304 
356 350 
265 296 
266 279 
265 300 
264 271 

- - - - - - - - - - - - - - - - - - - - - - - - - - - -



Table 5.11 . Industrywise Cost Matrices (E1 ) . Industry 341.1 - Basic Iron and Steel . j . 
- - - - - - - - - - - - ....... - - - .. ·- ~ - ~ ~- - -.. .... - - - -· - - - - - - .. -~ -. - - - -. -
State 

Stat~ Technologies 
·---------------------------------------------------------------------Price'S 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

- - - - ------ - - - - - - - - - - - - - - - - - - - - - - - - - -
1. Andhra Pradesh 67 66 40 58 49 53 47 37 56 66 50 41 61 65 

2. Assam 78 76 43 67 53 61 52 41 61 70 56 45 69 71 

3. Bihar 265 299 191 297 187 264 201 251 226 272 232 147 292 229 

4. Gujarat 40 40 24 34 30 31 28 23 34 38 30 25 3o 38 

5. l•!adhya Pradesh 138 117 56 113 71 97 80 51 78 82 83 61 112 99 

b. Tamil Nadu 51 47 27 42 34 38 34 24 38 45 35 29 44 46 

7. Maharashtra 76 69 37 62 47 55 49 32 53 61 50 41 64 65 .... 
1\) 

8. Karnataka 916 731 397 725 487 656 549 :no 519 626 550 459 732 678 en 

9. Orissa 270 310 183 308 173 267 187 249 221 253 224 134 292 218 

10. Punjab 50 51 30 49 33 43 34 )4 38 42 39 27 48 43 

11. Uttar Pradesh 146 125 64 120 81 104 89 58 90 103 91 70 121 113 

12. West Bengal 102 96 52 89 63 78 69 52 70 72 71 52 89 82 

13. Delhi 708 540 239 524 332 446 389 160 361 412 373 297 529 496 

14. Haryana 75 70 39 65 47 57 49 37 54 63 52 40 66 64 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



Table 5.12 : In~ustrywise Cost Matrices (EJ}: In~ustry 34l(U} -Iron and Steel(Other than Basic) 

- - - - - - - - - - - - - - - - - - - - - - - ·- - - - - - - - - - - - - - - - - - - - - - - -
State 
Prices --------
1. Andhra Pradesh 

Z. Assam 

3. Bihar 

4. Gujarat 

5. Madhya Pradesh 

6. Tamil Nadu 

7. Maharalshtra 

e. Karnataka 

9. Orissa 

10. Punjab 

11. Rajasthan 

12. Uttar Pradesh 

13. West Bengal 

14. Delhi 

15. Haryana 

-------

State rechno1oghs 
-------------------------------------------------------------------------1 3 4 5 6 7 e 9 10 11 12 13 14 15 

- - - - - - - - - - - - - - - -- - - - - - -- - - - - - -
92 101 64 

e5 68 53 

77 75 

79 71 

73 

e3 

54 92 

67 126 

51 

55 

72 lOS 

66 sa 
Sl 64 

68 53 

zeo 279 

59 55 

13e 232 1S9 261 151 

39 52 46 53 42 

242 112 192 271 223 

56 34 44 64 50 

167 

37 

S2 63 

76 64 

251 179 

54 41 

201 213 10S 152 13S 144 91 153 

92 101 55 72 67 67 44 7S 

147 159 so 110 101 101 63 114 

114 <;19 b7 9S e5 103 77 91 

S24 S71 377 572 511 509 27 6 500 

126 11s 

113 71 

59 53 

121 100 

e4 64 

69 104 

74 110 

)e 56 

74 107 

57 e4 

91 106 74 112 

92 126 112 105 

48 64 46 o6 

92 117 95 110 

69 100 eo ss 

29 31 1S 23 21 21 15 26 

73 121 190 161 116 16S 106 

39 61 95 77 56 79 52 

52 S7 13 S 11S S5 122 75 

56 74 103 91 67 103 73 

193 3S9 633 606 430 64e 340 

55 so 115 99 73 109 75 

76 e1 106 91 

37 50 67 51 

67 e4 11S 99 

60 73 96 73 

13 20 31 24 

66 10S S5 

40 57 48 

75 110 S2 

56 S4 72 

1S 25 17 

---------------
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,!ills 5.13 Industrywise Cost Matrices (&3) : 

Industry 342 - Non-Ferrous Metals 

------ - - - - - - - - - - - - - - - - -
State Technologies 

State 
Prices --------------------------------------1 2 3 4 5 6 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

1. Bihar 74 73 78 110 85 89 

2. Gujarat 37 32 37 52 32 

3. Tamil Nadu 65 55 68 69 87 57 

4. Maharashtra 18 17 19 18 22 17 

5. Karnataka 78 70 80 80 98 71 

6. West Bengal 27 26 29 29 35 25 

- - - - - - - - - - - - - - - - - - - - - - - - - - - -



Table 5.14 : Industrywise Cost Matrices (E~) : Industry 511 - Electricity Generation 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
State 
Prices 

State Technologies 

----------------------------------------------------------------------1 2 3 4 5 6 7 g 9 10 11 12 13 14 ---------------- -----------------------
1. Andhra Pradesh 160 159 134 230 165 123 114 153 160 86 338 475 214 135 

2. Assam 

3. Bihar 

4. Gujarat 

5. Kerala 

6. Madhya Pradesh 

7. Tamil Nadu 

8. 1-laharashtra 

9. Karnataka 

10. Orissa 

11. Punjab 

12. Rajasthan 

1). Uttar Pradesh 

14. West Bengal 

------

103 109 154 157 110 108 111 86 156 86 92 101 152 642 

110 99 131 102 211 152 84 111 109 86 108 586 112 83 

195 180 199 204 326 230 141 198 181 1)6 281 693 215 160 

0.89 0.90 1.0 0.95 0.~5 0.83 1.0 0.65 1.0 0.76 0.85 0.88 1.1 0.53 

274 274 224 400 274 204 193 262 274 145 595 813 372 234 

162 lbl 135 2)1 171 127 114 156 161 88 343 491 216 1)9 

58 58 51 85 59 44 42 55 60 )2 121 164 so 49 

.25 .26 .29 .26 .25 .2) .)0 .19 .29 .22 .26 .23 .)2 .16 

20) 204 184 288 208 160 158 188 213 117 400 543 277 165 

4 55 6 4 4 4 4 5 J 7 9 b 3 

26 28 33 )9 27 24 26 22 )5 19 )6 45 38 18 

221 321 182 322 221 165 157 211 221 117 478 652 300 188 

250 250 215 357 259 195 184 237 254 139 516 720 337 209 

------ - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Fertilizer output if Bihar uses Andhra Pradesh fuel technology 

with Bihar's prices, which is Rs.72. Heading the tabla column

wise the element &21 i.e, the element in the 2nd row and the 

first column, is the hypothetical cost if Bihar's fuel techno

logy is evaluated with Andhra Pradesh prices, which is Rs. 160. 

A comparison of the diagonal eldments gives the absolute 

cost efficiency as defined above, Looking at the above table 

for this, Tamil Nadu is found to have the lowest energy cost 

viz. Rs.67 per 000 Hs, of Fertilizer output, and Bihar has the 

highest cost viz. rts,l34 per 000 Rs. of Fertilizer output. 

The relative cost efficiency can be studied from the 

above table in two ways, One way is to consider the hypothe

tical costs with given price vector and comparing them over 

different technologies. On this basis the above table for the 

Chemical Fertilizer industry shows that while Bihar's prices 

lead to the lowest cost par 000 rupees of its output, Gujarat's 

prices broadly show the highest cost for the same. 

The second way to consider the relative cost efficiency 

is based on the assumption that the fuel technologies remain 

same and the prices vary across the regions. On this basis, 

the above table shows that the relative costs of all regions 

are broadly minimum when the Tamil Nadu fuel technology for 

Fertilizer industry is used. On the other hand, a region has 

to pay the highest cost par 000 rupees of Fertilizer output if 

Bihar's fuel technology is used. 

While interpreting the relative cost efficiencies, it 

is important to note that homogeneity of product-mix across 
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regions is assumed. And this assumption can be a limitation 
' 

to some extent, in the assessment of region's cost efficiency. 

5.3 Industrywise Cost Differentials Across Regions 

The following two Tables (5.15 and 5.16) with information 

abstracted from Tables 5.1 to 5.14 present HFU industrywise 

minimum and maximum costs or fuel use both actual as well as 

hypothetical together with the names of the regions to whom the 

said costs are attributable. We discuss said costs industry

wise below. 

In the case or Alcohol industry, it is found that Uttar 

Pradesh shows the highest absolute cost viz. Rs.l77.89 to 

produce Rs.l,OOO worth of Alcohol output and its technology 

leads to the highest cost for energy input at all prevailing 

fuel prices of different regions. Thus Alcohol industry in 

Uttar Pradesh is cost inefficient. On the other hand Andhra 

Pradesh technology is found to lead to the lowest cost for 

energy input per Rs. 1,000 worth of Alcohol output at all 

prevailing prices or different regions. 

On the same lines, noted above, the Cotton Textiles 

industry is found inefficient in terms of fuel cost in Gujarat, 

Maharashtra and Delhi. In spite of the marked heterogeneity in 

product-mix, the energy cost per Rs.l,OOO of Textile output for 

all the remaining States is nearly same. 

In case of Paper industry, Maharashtra not only has the 

absolute minimum cost but it also shows the lowest cost fuel 

technology for the prices of all regions. This may be taken 

as an indication of the cost efficiency of the Paper industry 



Table 5.15:Industr)'\'lise ,'.Jinimum am! Maximum ii:n-.lrgy Costs (Actual) 

----------------------------------------------
In-lustry 

Minimum cost 

---------------------------State Cost Hs. 
per 000 
its. of 
outp.~t 

Maximum cost 

---------------------------State Cost Rs. 
par 000 
its. of 
output 

- - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1. Alcohol 

2. Cotton Textiles 

3. Paper and Paper Pro-lucts 

4. Chemical Fertilizers 

5. Heavy Chemicals 

6. Chemicals (other than ferti
lizers and heavy chemicals) 

7. Structural Clay Products 

8. Glass anrl. Glass Products 

9. Pottery, China and 
Earthenware 

10. Cement 

11. Basic Iron an-1 Steel 

12. Iron and Steel 
(other than Basic) 

13. Non-ferrous i>letals 

14. 5lectricity* Generation 

-------------

Andhra Pra-lesh 

Assam and Punjab 

lt.aharashtra 

'i'amil Na-lu 

V•est Bengal 

Tamil Na-lu 

v;est Bengal 
(Bihar) 

Haryana 

\'1 a st Bengal 

An1hra 1·ra1esh 

Gujarat 

Uttar Pradesh 
(Gujarat) 

i-lahar ashtr a 

l>laha rash tra 

* Other than hy1el po~:er generation. 

9.89 

31 

46 
67 
78 

44 

149 
(150) 

115 
150 

219 

34 

51 
(52) 

18 

55 

Uttar Pradesh 

Delhi 

Uujarat 

Bihar 

Bihar 

An-lhra Pra-lesh 

Orissa 

flel hi 

Uttar Prarlesh 

Gujarat 

Karnataka 

Orissa 

Karnataka 

Uttar Prarlesh 

177.89 

57 
187 

134 

273 
130 

237 

2)0 

313 

351 

310 

193 

98 

300 



Tabla 5.16: In-ius trywi sa tr.inimum-Maximum Sne~rgy Costs (Hypothetical) 

- - - - - ---------
In MUS try 

- - - - - - - - - - - - -
1. Alcohol 

2. Cotton Textiles 

3. Paper an~ Paper 
Pro~ucts 

4. Chemical Fertilizer 

5. Heavy Chemicals 

6. Chemicals (other than 
Fertilizers and Heavy 
Chemicals) 

7. Structural Clay 
Pro-luc ts 

8. Giass an1 Glass 
Pro-iuc ts 

9. Pottery, China an~ 
Earthenware 

10. Cement 

11. Basic Iron an1 Steal 

12. Iron and Steel 
(othe~r than Basic) 

13. Non-Ferrous Metals 

14. 3lectricity* 
Generation 

--------
T = Technology 

P = Prices. 

T 
p 

T 
p 

T 
p 

T 
p 

T 
p 

T 
p 

T 
p 

T 
p 

T 
p 

T 
p 

T 
p 

T 
p 

T 
p 

---------------
l•linimum cost 

---------------------------State Cost Its. 
pt~r 000 
Hs. of 
output 

------------
l•laxi.mum cost 

---------------------------State Cost as. 
par 000 
Rs. of 
output 

--------- - - - - - - - - - - -
An-:!hra Pradesh 

lvla-ihya Pra1esh 

Assam and Kerala 

Karnataka 

8.76 

24 

Maharashtra 43 
Karnataka or Orissa 

Uujarat 52 

Bihar 

~lah arashtra 62 

Tamil Narlu 

Tami 1 Na~u 27 

l·:aharashtra 

;.;ast Bengal 140 

Bihar 

Haryana 106 
l'laharashtra 

Haryana 140 
;;ast Bt~ngal 

Haj as than 196 
i'la1hya Pra-iesh 

Gujarat 

Bihar 

Gujarat 

Orissa 

Maharashtra 

Guj a rat a nrl 
\lt~st B.mgal 

Maharashtra 
Tamil Na-iu 

24 

34 

17 

42 

Uttar Prarlesh 

Haryana 

i'iaharashtra 
')elhi 

Oris sa 

Gujarat 

Bihar 

Tamil Na'iu 

Tamil Nadu 

Bihar 

Andh ra Prarlash 

Tamil Narlu 

Tamil Na1u 

i'iest Bengal 

Bihar 

Delhi 

Gujarat 

Delhi 

Gujarat 

An1hra Pra1esh 

Karnataka 

An~hra t'rarl ash 

Orissa 

Assam 

Bihar 

l~aharashtra 

i·iast Baneal 
Gujarat 

189.00 

94 

231 

276 

360 

146 

426 

323 

398 

916 

110 

357 

----------------------------

* Other than hy1el pow<>r generation. 
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in Maharashtra. Orissa, with the advantage of the lowest cost 

price structure for all existing fuel technologies, leads to 

the highest hypothetical cost innicating its technological 

inefficiency. On the other hand, Gujarat prices lead to the 

highest cost for all the regions' technologies indicating its 

high price structure. 

Tamil Nadu indicates efficient or low cost fuel techno

logy for the Chemical innustries with the exception of the 

Heavy Chemical industry. It is to be noted, however, that the 

State's prices being on the higher side, the efficient techno

logies do not turn out to be relatively cost efficient. Maha

rashtra is also found to be cost efficient in respect of Chemical 

industries. Gujarat, on the other hand, has the price structure 

such that it leads to maximum cost for the said industries. 

Bihar, with its own price structure leads to minimum cost for 

all Fertilizer technologies of the regions, but on the other 

hand its own fuel technology leads to maximum cost for any other 

regional price structure, indicating its cost efficiency as due 

to its price advantage rather than its technology. 

For the industries, belonging to the Non-metallic mineral 

products, West Bengal is broadly observed to be cost efficient. 

Bihar remains cost inefficient, even with the advantage of its 

existing fuel prices due to its technological inefficiency. While 

West Bengal, ~~arashtra and Bihar are found to be operating 

with the lowest costs, Orissa requires the highest cost to 

produce ~s.l,OOO worth output of Structural Clay Products. For 

the Glass and Glass Products industry, Haryana and Bihar show 
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lower energy costs. In the case of former region, it is due 

to its technology and in the case of the latter it is due to 

its price structure. West Bengal is the most cost efficient 

State for ths Pottery, ~hina and Earthenware industry as it is 

found to have the minimum absolute cost and the hypothetical 

costs base~ on its prices and technology are the lowest for 

all regions. Andhra Pradesh is not found technologically 

efficient for this industry. In case of Cement industry, where 

no significant cost variation is observed, Gujarat is found to 

require the highest energy cost. The higher energy cost for 

Cement products in Gujarat are on both the accounts viz. 

technology and prices. Andhra Pradesh technology for this 

industry is noticed to lead to the lower costs for all States. 

For the Basic Iron and Steel industry, though apparently 

homogeneous for its products, surprisingly, it is seen to show 

the largest variation in its lowest and the highest energy cost 

per Rs.l,OOO of its output. Its maximum cost is found to be 

nearly ten times its minimum. Under such situation the cost 

comparisons lose their meaning as the cost behaviour is found 

to be neither due to technology nor prices. It is noted that 

among high cost technologies, Bihar and Orissa have lower costs 

than Karnataka. For the Iron and Steel industry, other than 

Basic, Uttar Pradesh and Gujarat technologies lead to minimum 

cost, while Andhra Pradesh and Rajasthan prices lead to higher 

cost.s for all technologies indicating thc~ir price disadvantage. 

Orissa requires the maximum absolute cost viz. Rs. 193 to 

produce Hs. 1,000 output of Iron and Steel products. The maximum 
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cost is observe~ even with the lowar ordar fuel prices, indi

cating its tachnological inefficiency. This higher energy 

requirement, it is noted, is not only due to the energy ineffi

ciency, but may also be due to the product-mix differences 

which may cause the higher energy requirement in Orissa. 

The Non-Ferrous Metals is a heterogeneous product indus

try. Outputwise it is not important in the regional as well as 

national economy. For this industry, costs evaluated with the 

same technology but with different prices do not reveal any 

trend. &van so, Bihar and Karnataka technologies show higher 

cost for all prices and Maharashtra technology is found to be 

relative cost efficient. 

Electricity Generation industry is peculiar in that it 

has a uniproduct output with no scope for any product-mix 

variation. But its production technologies are significantly 

different such as hydro, thermal with Oil based or Coal based, 

etc. Therefore, comparisons across regions need to be made 

cardfully. As the hydel power technology is obviously the 

cheapest among all alternative technologies, excluding those 

regions which have their main power generation on the hydel 

basis, the remaining States are compared below for their energy 

costs of Electricity production. It is observed that Maha

rashtra has the cheapest non-hydel Electricity generation, not 

only in absolute terms but its technology also broadly leads to 

the lowest costs. On the other hand, West Bengal, Uttar Pradesh, 

Madhya Pradesh and Orissa show a high cost for non-hydel power 

generation. Bihar is the only State in the coal-belt regions, 
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showing relatively low cost for the said Electricity production. 

Gujarat is also found to be inefficient for non-hydel Electri

city generation. Andhra Pradesh and Tamil Nadu are noticed to 

be in neither of the cost-efficient or cost-inefficient group 

of States and thus are found to show a bor~er line behaviour 

with respect to the fuel cost of non-hydel Electricity genera

tion. 

Technolo~y and Price Factors in 
Minimum bserved Costs 

In the foregoing, we have identified the most efficient 

regional fuel technology and the most advantageous regional 

price configuration (see Table 5.16), for the fuel-mix of a 

given industry. The regions which have absolute minimum cost 

for each industry are given in Table 5.15. Juxtaposing Tables 

5.15 and 5.16, we observe that the minimum cost is largely due 

to more efficient technology rather than the price advantage. 

In other words, those States which have more efficient techno

logies also have the minimum cost for most of the industry 

groups. Out of the fourteen industry groups in the case of 

four viz. Chemical Fertilizers, Heavy Chemicals, Pottery---China 

and Earthenware, and Cement, the States which are t~chnologically 

most efficient, do not have the absolute minimum cost. Thus it 

seams that the variation in regional fuel technologies is rela

tively mora important factor than the regional price variation 

in explaining the variation in energy costs. As mentioned 

earlier at several places, the homogeneity of product-mix (within 

an industry group) across the regions can be a limitation to 

some extent on the inferences drawn above. 
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Tabla A5 ·l 
: State x Fuel Input Coefficient Data (Value Coefficient) 

------
Stato 

... - - - - . 

1. Andhra Pra~esh 

2. ,;!a<lhya Pra"'esh 

J. Uttar Pra"'esh 

4. Haryana 

1. Andhra Pradesh 

2. Assam 

3. Bihar 

4. Gujarat 

5. Jammu and Kashmir 

6. Kerala 

7. Madhya Pra<lesh 

8. Tamil Nadu 

9. Maharashtra 

10. Karnataka 

11. Orissa 

12. Punjab 

13. Rajasthan 

14. Uttar Pradesh 

15 • West Bengal 

16. Delhi 

17 • Pondicherry 

18. Haryana 

- - - - - - - -
Fuels 1 

.005824 

.061977 

.148226 

.041249 

.004791 

.005052 

.014090 

.016461 

.003342 

.000222 

.011816 

.002164 

.004797 

.002987 

.013145 

.011941 

.013154 

.013165 

.0057 31 

.026941 

.015873 

.010618 

------ - - - - - - - - - - - ------

2 3 
- - - - - - - - -

.000048 

.ooo 516 

.0001:125 

.000212 

.000016 

.000138 

.000015 

.000195 

.000038 

.000171 

.000066 

.000177 

.000062 

.000162 

.000136 

.000050 

- - - - -

.000060 

.000003 

------

- - - - - - - - - - - - - - - - - - - - - - - - - -
4 5 6 7 8 9 10 11 - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

In1ustry 211 Alcohol 

.000 598 

.001312 

.001478 

.000937 

In"'ustry 231 : Textiles 

.000003 .000078 .000389 

.000021 

.032704 

.000924 

.000047 

.000023 

.000015 

.000228 

.000210 

.000005 

.000070 

.000003 

.000032 

.000049 

.000007 

- - - - -

.000016 

.000423 

.000021 

.000005 

.000014 

.000021 

.000079 

.000083 

.000006 

.000980 

.000352 

.000218 

.000004 

.000179 

.000239 

.000280 

.000685 

.000376 

.000100 

.001229 

.000190 

.000624 

.000230 

.000026 

.000146 

.000588 

.005151 

.001321 

.000106 

.000226 

.000223 

.000113 

.000037 

.000014 

.000112 

.000953 

.000148 

.000310 

.001028 

.000092 

.000129 

.000130 

.000344 

-------

.000330 

.012329 

.000429 

.002433 

.003178 

.000193 

,003011 

.016191 

.010490 

.ooo06o 

.000450 

.000266 

.000479 

.000140 

.000352 

.000227 

,000427 

.000220 

.001610 

.0017ol 

.000562 

.001569 

.001584 

.002438 

.001605 

.000465 

,001251 

.001882 

.001041 

,001616 

.001317 

.001657 

.002524 

.001986 

.001921 

.002152 

.001739 

.001799 

.001381 

----------

.000020 

.000014 

.004066 

.008693 

.010725 

.006562 

.028510 

.023226 

.014629 

.033260 

.009054 

.029151 

.027262 

.279755 

.025713 

.017636 

.018417 

.014716 

.023844 

.030247 

.025017 

.020504 

.024640 

.019866 

(continue"!) 
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Tabla A5• 1: (continueri) 

------- - - - - - - - - - - - - - - - - - - - - - - - - - - - ------- - - - - - - - - -
Stat a Fuals 1 2 3 4 5 6 7 8 9 10 11 

------ - - - - - - - - - - - - - - - - - - - - - - - - - - ------- - -- - - - - - --
In -\Is try 271: PaEar 

1. Andhra Pradash .064072 .000118 ,gool62 .000015 .002304 .002437 .00528!! .002289 .058592 

2. Gujarat .Ob5502 - .001530 .000136 .041555 .003127 .074850 

3. ~ladhya Prailesh .029658 .000006 .000119 .000063 .004724 .002334 .027832 

4. Tamil Nar!u .032916 .000020 .001824 .000179 .020844 .001116 .042476 

5. Maharashtra .007645 .000028 .000038 .000005 .001532 .001996 .007228 .001022 .026018 

6. Karnataka .069819 .000176 .000015 .001675 .001448 .013834 .002114 .042452 

7. Orissa .058439 .000055 .000490 .001292 .000193 .003684 .002367 .044123 

8. Uttar Pratlesh .071709 .000086 .000029 .000014 .000634 .000418 .004796 .004090 .052986 

9. Wast Bengal .048339 .000262 .000963 .000595 .000380 .001475 .001310 .040364 

10. Haryana .077556 .000139 .000634 .000515 .002258 .013982 

Inriustr:y 311.1.1: Fertilizers 

Antihra Pradesh .000233 .000210 .027518 .002511 .044409 

2. Bihar .103695 .003470 .001712 .006768 .ocoou .015134 .003235 

3. Gujarat .000003 .000717 .000188 .007295 .002283 .089002 

4. Tamil Nadu .000401 .000059 .000773 .002496 .016867 .001185 .045491 

5. Maharash tra .000089 .000397 .000330 .028239 .000988 .072706 

In1ustry ~11.2.l:Heavy Chemicals 

1. Andhra Pradesh .018009 .000828 .001035 .021114 .001380 .160422 
2. Bihar .010733 .004116 .000565 .257828 
3. Gujarat .027865 .014710 .000006 .000484 .003249 .067176 .010190 .018942 
4. Kerala .000081 .000020 .000061 .034226 .000111 .049038 
5. Tamil Nadu ,001493 .002327 .001360 .000435 .000231 .046827 .000582 .141132 
6. Maharashtra .001735 .000036 .)02105 .000445 .027082 .000442 .049000 
7. Uttar Prarlesh .060277 .009599 ,0006$5 .000175 .013975 .0021M .088872 
8. \Vast Bengal .012876 .000910 .OOJ328 .000434 .002412 .000423 .060496 

- - - - - ------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - -
(continue-i) 



Table A5 .1 : (cont inue-l) 

.. ----- --
State Fuels 1 

-------- - - - - - - - - -

1. 

2. 

Andhra Pradesh 

Gujarat 

Ta111il Nadu 

4. Maharashtra 

5, west Bengal 

1. Bihar 

2. Gujarat 

3. Kerala 

4. Madhya Pradesh 

5 • Tamil Nadu 

6. /l..aharashtra 

7 • Karnataka 

8, Orissa 

9. West Bengal 

1. Bihar 

2• ll..aharashtra 

3. Uttar Pradesh 

4. West Bengal 

5. Delhi 

6. Haryana 

-----------------

,010849 

.000002 

.006417 

.082760 

.117593 

.004131 

.100539 

.013.374 

.043699 

.017451 

.123903 

.110635 

.095151 

.00145 5 

.139877 

.035213 

.154957 

.002070 

-------
2 3 4 5 6 

- - - - - - - - - - - - - - - - - - - - -

.000033 

.000040 

.000095 

.002773 

.027717 

.000062 

.001012 

.037170 

.000052 

.000050 

Inr!u st ry 311 ( R) 

.000023 

.000026 

.000136 

.000042 

Chemicals (Other) 

.004876 

.000238 

.000394 

.000350 

.000919 

.000743 

.000636 

In-lust ry 3 31 Structural Clay Pro-lucts 

.001347 

.025008 

.161375 

.002050 

.002766 

.001615 

.146753 

.001487 

.000052 

.000095 

.000021 

.000115 

.006522 

.000350 

.0003::10 

.000021 

.014968 

.001037 

.005823 

In-lustry 332 : Glass anrl Glass Pro-lucts 

.006380 .000729 

.001205 

.000012 

.001357 

.000043 

.011128 

- - - -

.000064 

.000088 

.000087 

- - - - -

.002795 

.000087 

.000219 

.000146 

- - - - -

7 

.000048 

.000556 

.001230 

.000190 

.001951 

.001494 

.005012 

.001477 

.022127 

.003801 

.000248 

.001932 

.006562 

.005447 

.008492 

.001981 

.005657 

-------

8 

.016405 

.000714 

.022377 

.00 3628 

.029989 

.033943 

.007405 

.006606 

.155390 

.0)8589 

.004752 

.028869 

.000418 

.000547 

.084355 

.032741 

.068215 

.051492 

.056071 

- - - -

142 

------
9 10 11 

- - - - - - - - - - - - -

.003657 

.000534 

.000817 

.001808 

.001475 

,003469 

.003132 

.002479 

.003037 

.002309 

.002748 

.001814 

.005452 

.003968 

.002370 

.008150 

.014904 

.006631 

.007218 

.020323 

- -- - - - - -
(continued) 

.121495 

.021524 

.040964 

.033740 

.043146 

.031890 

.012375 

.026o91 

.026805 

.023524 

.027285 

.015090 

.033081 

.032214 

.006198 

.026952 

.018097 

.021031 

.016)62 

.030820 

- - - -
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Table A2 • l 
: (continued) 

------ - - - - - - - - - - - - ------ - - - - - - - - - - - - - - - - - - - - - - - - -State Fuels 1 2 3 4 5 6 7 8 9 10 11 ------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
In-iustry 333 : Pottery-China and c;arthenware 

l. Andhra Pradesh .195811 .003410 .• 003410 .001461 .030200 

2. Gujarat .122042 .0007S5 .000491 .003338 .001620 .0654S9 .005596 .037359 

J. Madhya Pradesh .127357 .003057 .056037 .005604 .043811 

4. Uttar Pradesh .237473 .002905 .003631 .008715 .060276 

5. West Bengal .035447 .02S902 .014222 .OQOJl .001070 .002049 .02S443 .001957 .038322 

6. Delhi .212638 .00252S .002844 .000632 .004107 .031596 

7. Haryana .14S541 .OOOlSl .000091 .000906 .003172 .031720 

In'iustry 334 : Cement 

1. Andhra Pradesh .143227 .00012!! .000013 .000006 .000434 .003410 .00012S .003040 .06!!756 

2. Bihar .130S48 .000166 .000009 .000005 .000810 .003848 .000046 .003319 .086124 

3. Gujarat .185336 .000117 .000023 .000501 .005056 .068465 .002896 .06!!011 

4. Madhya Pradesh .118290 .000936 .000087 .001298 .005231 .003393 .062391 

5. Tamil Nadu .172381 .000511 .000009 .000003 .000608 .002595 .035461 .002013 .057966 

6. Karnataka .182908 .000289 .000018 .000412 .004135 .000702 .003646 .072010 

7. Rajasthan .217262 .000403 .000023 .001221 .002201 .001757 .004153 .036228 

In'iustry 341.1 . Basic Iron and Steel . 
1. Andhra Pradesh .001659 .001626 .020751 .000358 .042739 

2. Assam .005 589 .001164 .000466 .028412 .002329 .037727 

). Bihar .119715 .031753 .000159 .000005 .000031 .003590 .013286 .002540 .018393 

4. Gujarat .000348 .000053 .000011 .001212 .000105 .013516 .001812 .017246 

5. Jammu and Kashmir .000029 .000378 .009994 • 015223 .000494 .022311 

6. Madhya Pradesh .011382 .000017 .000271 .004870 .000322 .004872 .036643 

-------- ------- ------ - - - - - - - - - - - - - - - - - - - - - - - - ------ ------ - - - - - -- -
(continuer'!) 
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Table A5 • 1 (continueti) 
-------

Stat<~ 
- - - - - - - - - - - - - - - - - - -
Fuels 1 2 3 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
4 5 6 7 9 

----------
10 11 --------------------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

7. Tamil Natiu 

8. •'laharashtra 

9. Karnataka 

10. Orissa 

11. Punjab 

12. Uttar Pradesh 

1). \'iest Bengal 

14. Dalhi 

15. Haryana 

1. Anrlhra Pradash 

2, Assam 

J, Bihar 

4. Gujarat 

5. Madhya Pradesh 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

1). 

14. 

15. 

16. 

Tamil Nadu 

•illaharashtra 

Karnataka 

Orissa 

Punjab 

Jtajasthan 

Uttar Pradash 

l'iest Bengal 

Delhi 

Himachal Pradesh 

Haryana 

-----------------

.000318 

.000426 

.033105 

.169635 

.015494 

.010980 

.OOb642 

.001930 

.006522 

.000574 

.003710 

.024713 

.000386 

.002675 

.000172 

.000320 

.002883 

.001269 

.007700 

.00307 3 

,008il08 

.013003 

.002030 

.0000]4 

.001055 

.000291 

.042508 

.0009!!1 

.004321 

.000141 

.OOS091 

.000403 

.004991 

.016863 

.012140 

.020404 

.012230 

.OOb717 

.007414 

.042076 

.014405 

.020773 

.087402 

.013011 

.032755 

.046440 

.001654 

- - - - -

.000197 

.001580 

.000267 

.000023 

.001959 

.000135 

.0001!!5 

.000002 

.000544 

.000013 

.033347 

.000025 

.000024 

.0003b2 

.000944 

.000653 

.000505 

.001074 

.001206 

.004762 

,000!!41 

.000989 

.000178 

.000306 

.030194 

.0026 51 

.OOHl60 

.002714 

.001807 

.000371 

.000256 

Industry 341(R) : Iron and Steel (other than Basic) 

.000001 

.000096 

.003562 

.ooooaa .oooo44 .oo3887 .oo1855 

.oooua 

.001646 

.000437 

.000537 

.0000!!4 

• (}):?79J 

.000132 

.001119 

.002731 

.000718 

.0003!!2 

.003715 

.000101 

.000111 

.000122 

.000009 

.000541 

.000011 

.000134 

.000067 

.000826 

.000135 

.000008 

.001329 

.000590 

.000874 

.001b67 

.001787 

.001261 

.000431 

.001477 

.001366 

.002585 

.000799 

.OOO!l26 

.000244 

.009444 

.002135 

.000357 

.000109 

.0005!!7 

.000975 

.0101261 

.000464 

.0043!l7 

.000341 

.001561 

.OOOb67 

.000479 
- - - - - - - - - -

.01)246 

.013!l27 

.02M72 

.00':!917 

.00867) 

.012129 

.006772 

.020314 

.019748 

.020054 

.007083 

.005435 

.009510 

.022057 

.0142!!1 

.013199 

.002162 

.002671 

.005327 

.001024 

.006367 

.006020 

.008!l75 

.000406 

.005836 
- - - - -

.000502 

.001746 

.003445 

.005l!l3 

.001724 

.OOH!61 

.00446!! 

.0012!l7 

.000953 

.008834 

,002361 

.001591 

.0025 34 

.00365!l 

.002!lO!l 

.002250 

.004235 

.000177 

.002552 

.00204!l 

.002346 

.002537 

.002!l90 

.000541 

.001486 

.000053 

.• 000017 
--- - - - -- - - -

(continua d) 

.022350 

.030669 

.144360 

.033439 

.013575 

.057735 

.026203 

.013386 

.03517) 

.0516!!1 

.029005 

.090410 

.016152 

.095!l72 

.039627 

.036673 

.033607 

.173082 

.036352 

.008194 

.015175 

.023733 

.007!!43 

.008525 

.007415 



Table A5 .1 (continued) 

--------- - - - - -""-
State Fuels 

------ - - - - - - - - -

1. Bihar 

2. 

). 

4. 

5. 

6. 

7. 

Gujarat 

Tamil Nadu 

Maharasht ra 

Karnataka 

Rajasthan 

West Bengal 

Andhra .t'rad.ash 

2. Assam 

). Bihar 

4. Gujarat 

5. Kerala 

6. Madhya Pradesh 

7. Tamil Nadu 

8. Maharashtra 

9. Karnataka 

10, Orissa 

11. Punjab 

12, rtajasthan 

13. Uttar Pradesh 

14. \vest Bengal 

15. Himachal Pral'lash 

16. Tripura 

- - - - - - - - - - - - - - -

- - - - - - - - - - - - - - - - - - - - - - - -- -
1 2 3 4 5 6 7 

- - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - -

.028130 

.000047 

.000216 

.000245 

.151722 

.009222 

.1245.30 

.201889 

.107$$3 

.051066 

.088649 

.004966 

.029222 

.295.349 

.194481 

.0)1606 

.000859 

.000029 

.000147 

.000744 

.000359 

Inrlustry 342 : Non=Ferrous l>ietals 

.000004 

.000225 .00003.3 .000141 

.000061! 

.000010 

.000984 

.000045 

.000218 

.000208 

.000504 

,000047 

.00269<) 

.001469 

.000819 

.000104 

.000611 

Industry 511 : Electricity Generation 

.019917 

.000156 

.0000.30 

.000017 

.000008 

.000002 

.000005 

,000245 

.000120 

.000708 

.000011 

.000)60 

.000877 

.000684 

.000042 

.000210 

.0002.35 

.000226 

,000120 

,0020.35 

- -

.000296 

.002900 

.000061 

.00044.3 

.000384 

.000225 

,001607 

.076520 

.025504 

.002)82 

.000253 

.00061!4 

.00227.3 

.000081 

.0105-n 

.001186 

.010889 

.001558 

.00.3372 

.002515 

.72362.3 

-------

145 

- - - - - - - - - - - - - - - - - - -
8 9 10 ll 

- -- - - - - - - - - - - - - - - - -

.021276 

.010439 

.0026.37 

.0057.33 

.024132 

.00)000 

.006401 

.004568 

.094717 

.07 4253 

.000075 

.000.342 

.005.379 

.000266 

.002288 

,000006 

.005429 

.001272 

.000900 

.001080 

.001884 

.001016 

.001440 

.002525 

.001819 

.012467 

.001598 

.001151 

.000585 

.001050 

.000071 

.000325 

.000162 

.014985 

.000502 

.004418 

.002453 

.005744 

.000215 

.069675 

.002699 

.000012 

.000056 

- - -

.010197 

.015479 

.059.397 

.009484 

.072.341 

.019921 

.014407 

,0000)8 

,000018 

.000802 

.000023 

.000003 

.000267 

.000002 

,000991 

,000005 

.000006 

.000512 

.0001.35 

.000256 



CHAPT~It 6 

OPTUlUM LOCATION OF INDUSTRIES 
ON ENERGY BASIS 

The regional energy efficiency both in physical and 

value terms has been discussed in the earlier chapters. It is 

found that while there are certain regions which are generally 

energy efficient, there are some others which are mostly energy 

inefficient on physical or cost basis or both. Further, in some 

cases indications about industry specific energy efficient 

regions are obtained. 

Normally locational models are formulated with a view to 

minimize the transport costs. Energy which was not earlier con

sidered as an important locational determinant is likely to play 

a major role in the location of industries in future. To our 

knowledge, so far there has been no study in location with a 

view to minimize the energy costs. In this chapter we have 

formulated a model which gives the most efficient locations 

solely from the viewpoint of minimizing energy inputs. 

6.1 Linear Programming Model 

With the aim to save maximum energy in the inter-industry 

use, the present model tries to specify the regional allocations 

of industrial activity, such that both inter-industry and final 

demand requirements of the entire economy are satisfied. 

Let the economy be divided into 'm' sectors and 'n' 

regions. The above requirement of the problem leads to the 

usual input-output relationships as: 

146 
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Xs s s r i - r r aij xj 
s s j 

. • 
where X~ is the output of ith s~ctor in sth r~gion and 

r r a~j xj is the inter-industry demand of ith sector in the 
s j 
said region, which is the production available for the final 

use in the economy. 

The regional variability between the technical coeffi

cients (a~j) is really not so much due to the substitutability 

between the raw material inputs, but is basically due to the 

product-mix variation in these regions. Thus, the existing 

differences in the regional technical coefficients are largely 

due to the variation in the regional product mix, which however 

is assumed to be homogeneous across regions for the present 

problem. A deletion of this assumption leads to confounding of 

the energy saving effect with that of the regional technology, 

the isolation of which would be difficult. On the other hand, 

due to inter-fuel substitutability and variation in tha avail

ability of fuels, there exists a real variation in energy 

requirements to produce the same product across regions. To 

avoid the impact of the variation in technical coefficients and 

to gat an industrial allocation pattern, which is related to 

energy minimization alone, the technical coefficients are assumed 

to be same across regions for all sectors except those for 

energy. 

As a result, the demand constraints work out as 

[fori • 1,2, ••• , m 
(except energy)] 



and n 
r 

S"1 

s n 
xi - r 

s=1 
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(for energy sector) 

It is likely that some regions may not g~t any indus

tries in the optimum patt~rn. Clearly this is undesirable, as 

in that case a region cannot grow in~ustrially at all and the 

important consid~ration of regional developm~nt should not be 

ignored. Therefore, we have to set some restrictions on the 

regional industrial income levels such that though a region 

does not improve its in~ustrial income, at least its position 

does not deteriorate. The requirement that at least the present 

industrial income levels of regions are maintained, is rleveloped 

on the basis of the value added coefficients as follows -
s s 

1 - I aij • vj 

where vj is the value added coefficient of jth sector in sth 

region. The variation in each's' for the same 'j' is due to 

differential energy input coefficient alone. Then r vjXjis the 
j 

total industrial income of the region's' if xj are the sectoral 

production levels for sth region. If Vs is the existing indus

trial value added of the sth region, then the above constraint 

becomes -

(for s • 1 , 2, ••• , n) 

It may be noted that the primary sectors such as agri

culture, mineral extractions are natural resource based sectors, 

where no such reallocation is feasibl~ and meaningful too. 

Therefore the model also has to supply the constraints towards 
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this end, Hence, minimum regional output levels are provided 

exogenously for such sectors as follows -

Xs ~s 
j ~ ~ 

There are certain innustries which do not exist in certain 

regions for the year un~er study. The knowledge of the reallo

cation of industries in these regions is also of interest from 

the planning point of view. However, for the inclusion of such 

sectors in such regions a knowledge about their energy coeffi

cients becomes a prerequisite. Since we do not have such data 

at our disposal, we could not consider this aspect in our model. 

6,2 Data Source and Adjustments 

The model also is worked out for the year 1970 to synchro

nize with the data base of the other analysis in this study. 

The regional economies are divided into 18 sectors. Out 

of these, one relates to the primary activities comprising of 

agriculture, allied activities and mining, while another relates 

to the sector 'others', which contains transport and construc

tion activities. However, out of the entire mineral extraction 

activity, Coal has been separated and combined with the energy 

sector. The total industrial activity is divided into sixteen 

sectors, where fourteen HFU industries are separately distin

guished of which one pertains to energy. The rest of the indus

tries are clubbed into two categories, one pertaining to those 

of Division 2 manufacturing and the other to that of Division J, 

The model covers fifteen regions of which fourteen are major 

States and the fifteenth region covers all residual ones of 

the country. 
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The following ~ata are required for the model -

1) All India input coefficient matrix of order 17 x 18 
(except energy row), 

2) Regional energy input coefficient estimates. 

3) Regional value added coefficients. 

4) Final demand estimates at all India level. 

5) Regional value ad~ed estimates for the industrial 
sector. 

6) Output estimates for the primary and •other' 
sectors. 

7) Output estimates for Basic Iron and Steel industry 
for certain regions. 

Since the data-requirements of the model are quite exten

sive and in some cases the direct data are not readily avail-

able, we discuss the data sources and adjustments, if necessary, 

in the following. 

(i) Input Coefficient Matrix: In developing the L.P. 

model, it is already mentioned that if product-mix across 

regions is assumed to be the same, it is reasonable to assume 

that the regions have the same technical coefficients except 

those for energy sector, This assumption leads to the same 

technical coefficient matrix except for the energy row for all 

the regions. The uniform technical coefficients are assumed to 

be those of all India. Since the all India input coefficient 

matrix for the year 1970 is not available, the 1968-69 input 

coefficient matrix has been used. The relative price changes 

between inputs and outputs from 1968-69 to 1970 are of negli

gible orddr and have been ignored. Energy coefficients have 

been estimated for 1970. The 77 x 77 transaction tabla for 
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1968-69 prepared by Central Statistical Organ1zation1 (C.S.O.) 

has 49 sectors which cover the production activities to which 

alone the present exercise relates. This 49 x 49 transaction 

matrix is then reduced to the above-stated 18 sector input coeff

icient matrix from which the energy row has been excluded. 

(ii) Regional Energy Inputs: The energy input coeffi

cients are astimate1 for each region under study by using the 

energy consumption data for the large scale industrial sector 

available in the A.S.I. reports for 1970. However, the regional 

energy consumption data for the remaining sectors are not avail

able and the regional input-output tables for 1970 are also not 

available. Hence we have made usa 

Output tables, which relate to the 

of the 8 x 8 Regional Input

* year 1965. 

The regional energy input coefficients for the 'primary' 

sector an1 'others' sector are taken from these Input-Output 

tables and are adjusted for price changes. To arrive at the 

regional energy input coefficients for the anergy sector, the 

regional energy inputs of the three energy sectors viz. Coal, 

Petroleum Products and Electricity, are added together with 

1970 production levels as their weights. 

(iii) Regional Value Added Coefficients: The regional 

value added coefficients are estimated for the industrial sector 

alone by subtracting all the inputs from unity. As the income 

1 'Inter-Industry Transactions 1968-69', National Accounts 
Statistics, January 1978. c.s.o., Government of India, New 
Delhi, p. 123. 

* The details regarding these tables are given in Chapter 7. 
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constraints are restricted to the inoustrial sector alone 
' 

there is no n~ed to have the value added coefficients for the 

remaining sectors. 

(iv) Final Demand Estimates: Final demand estimates at 

the national level for the year 1970 are not readily available. 

As the nearest transaction matrix available is that of 1968-69, 

the direct estimates of final demand are available for the same 

year. The 1970 final demand estimates are then obtained by 

distributing the total national income pro-rata on the 1968-69 

sectoral final demand composition. 

(v) Regional Value Added Estimates: The regional value 

added estimates for the broad economic sectors are provided by 

c.s.o. for 1970-71.2 The addition of the value added for the 

entire manufacturing sector and electricity, gas and water 

supply, has provided the required regional value added estimates. 

(vi) Regional Output Estimates: As noted, there are 

certain sectors which are mostly natural resource based, whose 

output levels cannot be shifted from region to region by plann

ing. For such sectors, information in the L.P. model is provided 

exogenously. In the present situation, while 'primary' and 

'others' sectors are treated as entirely exogenous sectors, 

Basic Iron and Steel industry is treated as partially exogenous, 

where some minimum output levels for certain regions are 

specified. 

2 National Accounts Statistics, January 1979. c.s.o., 
Government of India, New Delhi, Appendix A2.2. 
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For the 'primary' and 'others' sectors, the regional 

output estimates are not ~irectly available. The output esti

mates are based on the c.s.o.3 value ad~ed estimates and are 

obtained by inflating them by value added coefficients, obtained 

above. 

In the case of Basic Iron and Steel sector, some minimum 

output levels are specified for certain regions. The specified 

four States are Bihar, Ma~hya Pradesh, Orissa and West Bengal; 

whose minimum output estimates are based on their 1970 produc

tion levels reported in the A.S.I. reports. 

As already mentioned, if an in~ustry's output level is 

zero in a particular region in 1970, in the model, constraints 

are imposed that the regional output should be zero. 

The L.P. Model, thus discussed above, can be written as

To minimize the energy consumption with the objective function 

as -

where 

X9 is j 

s 
aej 

the 

15 
r 

S"1 

is the 

output 

constraints are 

15 s 1 5 
r 

energy input in jth sector of sth region and 

of jth sector of sth region. The sets of 

as follows: 

HI 
9 

~ 
) 

r xi 
s•1 s•1 

r aij xj 
j•1 for 1•1 ,2, ••• 17 

(o:txcept energy) 

) 
) 
) 
) 
) 
) 

and 
15 s r X1g -

s•1 

3 Ibid. 

1 5 18 
l: l: 

sc1 j•1 
s s 

a1 a ,j xj 

(for energy sector where 113 ~ 
is the energy sector number)) 

I 
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18 
r v8 x8 

~ vB for s•1, 2, ••• , 15 ) 
j•2 j j ) 

II 

Jf17 ) 

xs "s for I j I j ~ xj certain and IS I III 

xs 
j - 0 for certain I j I and IS I IV 

The above model thus has 77 constraints and 270 (15x18) 

unknowns. However, the 34 known outputs and 13 'zero' output 

levels are provided exogenously, thus giving ultimately 223 

unknowns in the L.P. model. 

6.3 Limitations of the lo!odel 

Before discussing the results of the above model, we may 

note the limitations of the same. The model is developed solely 

in terms of minimization of energy costs. While energy is 

becoming increasingly important, this cannot be the sole deter

minant of the industrial location. The optimum pattern of 

magnitudes thrown out by the model should not be interpreted as 

the actual desirable magnitudes of those locations. But the 

model will be useful in indicating the directions of energy 

efficient regions. It would have been more useful to incorpo

rate in the objective function the cost of energy due to the 

transportation of both inputs and outputs from and into diff

erent regions. But this is beyond the scope of the present 

study, The model could have been also formulated in physical 

energy coefficients minimizing the energy in physical units. 

Our limited resources prevented us from undertaking this aspect 

of the study. 
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6.4 ~esults of the L.P. Modal 

The solution of the above model has given the optimal 

allotments of the industries in different regions and also the 

minimum energy cost, required to satisfy the 1970 final demand 

of the entire economy. The last row of the solution represents 

the inrlustrywise regional cost coefficients, which provides the 

information of the ad~itional cost required to be paid if the 

industry is operating in the said region with its present 

energy usa. These results are discussed below. 

6.4.1 Optimum Industrial Locations 

The optimal locations for each industry along with the 

production levels, obtained from the above model, are presented 

in Table 6.1. Table 6.2 abstracts the necessary information 

from Table 6.1 for the following discussion. 

We observe from the Table 6.2 that West Bengal is optimal 

location for three HFU industries while Maharashtra and Haryana 

are optimal in the case of two. Uttar Pradesh and Rest of India 

are not found optimal for any of the HFU industries. All the 

remaining locations (States) are found to be optimal ones for 

one of the HFU industries. 

In Chapter 5, for each in1ustri, we have identified the 

State for which the endrgy cost is minimum per thousand rupees 

worth output as observed in 1970. The model by and large picks 

up those States for which the energy cost is minimum for a given 

industry as detailed in Table 5.15 as is to be expected. How

ever, there are a few exceptions. Other Chemicals [31l(R)], 

Cement (334) and Other Iron and Staal [34l(R)) gat located in 
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-------------------------------------------------------------
State Andhra Bihar Gujarat Kerala Ma~hya Tamil Maha- Karna- Orissa Punjab Raja-

s~ctor Pradesh Pradesh Nadu rashtra taka sthan 
--------·---------Uttar West Haryana Rest of 

------------- Pradesh Bengal In~ia ----------------------------------------------------------------
1. Primary 186139 177367 150189 72252 189460 127820 160605 138450 104716 119619 156729 332276 728081 78843 131124 
2. Manufacturing Division 2 

3, Manufacturing Division 3 

4, Alcohol 

5. Cotton Textiles 

6. Paper and Paper Products 

7. Chemical Fertilizers 

8. Heavy Chemicals 

9. Chemicals (Other than 
311.1.1 and 311.2) 

10. Structural Clay Pro~ucts 

11. Glass and Glass Products 

12. Pottery-China and 
Earthenware Products 

13. Cement 

14. Basic Iron and Steel 

15. Iron and Steel 
(oth~r than Basic) 

16. Non~Ferrous Metals 

17. Others 

18. Energy 

- - - - - -- - - - - - - - - -

41064 

19190 

-

-
38766 

-
- - -

-
34565 

-
-

33333 

-
-

10000 82175 

-
43525 38390 

- - - - - -

-

68876 

-

-

29262 

-

14714 

10000 

20352 29344 

- - -- - - -
Note: Sectors No. 1 and 17 are given exogenously in the solution. 

11951 189809 239285 93128 

-
21320 250551 

- 20624 

62927 

- -

-

- -
7500 

-
- 28808 21104 

40617 79828 483158 11857 30180 26094 72484 

- 32398 -

25457 

583631 

91696 

91696 

12500 

122175 

44232 17148 

104732 

-
306193 

-

-

41512 

-
-- - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - -
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Table 6.2 : Industrywise Optimal Locations for 1970 

- - - - - - - - - - - - -

211 
231 
271 
311.1.1 
311.2 
311 (R) 
331 
332 
333 
334 
341 (R) 

342 
511* 

Industry 
- - - - - - - - - - - - -
Alcohol 
Textiloas 
Paper and Paper Products 
Chemical Fertilizers 
Heavy Chemicals 
Other Chemicals 
Structural Clay Products 
Glass and Glass Products· 
Pottery--China-Earthenware 
Cement 
Iron and Steel 
(Other than Basic) 

Non-Ferrous Metals 
Energy 

- - - - - - - - - -
Optimal Location 

- - - - - - - -
Andhra Pradesh 
Orissa, Punjab 
Maharashtra 
Tamil Nadu 
West Bengal 
Kerala 
Bihar, West Bengal 
Haryana 
West Bengal 
Madhya Pradesh 
Haryana 

- -

Maharashtra, Rajasthan 
Karnataka, Haryana 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
* This includes the throae oanoargy sources viz. Coal, Petroleum 

Products and &lectricity. 

Kerala, Madhya Pradesh and Haryana respectively while the 

minimum energy cost is in Tamil Nadu, Andhra Pradesh and Uttar 

Pradesh for 3ll(R), 334 and 34l(R) respectively. This is 

because of the constraint that oaach State should produce a 

minimum income from the industrial sector which we have 

postulated in the L.P. model. 

6.4.2 Energy Saving by Optimal Allocation of Industries 

The solution of the model has provided the minimum energy 

cost to satisfy the inter-industry demand of 1970, which amounts 

to Rs.ll9803 lakh. The actual energy cost to satisfy the same 

1970 inter-industry demand with the existing allocation of 
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lakh, evaluated on the basis of the industries is Rs. 155667 

relation (I-A)-1 F • !.~ This results into energy saving to 

of Rs. 35!!64 lakh, which is equivalent to 23 per cent the tune 

saving of energy for intar-in~ustry use alone. As a consequence 

of this energy saving, there will be an a~ditional reduction 

in the use of other inputs that are used by the energy sector. 

This saving works out to Rs. 20310 lakh. 

6.4.3 A Classification of Regions for an In~ustry 
on the Basis of Adriitional Energy Cost 

It is not feasible to allocate one in1ustry in only one 

region to minimize the energy cost. Also the cost of energy 

cannot be the only criterion in selecting a location of the 

industry. Further, that an in1ustry should be located only in 

one or two regions is not desirable for other reasons. Hence, 

in order to know the other acceptable regions for an industry, 

the last row of the L.P. solution, which provides the cost . 

coefficients for different regions, is used. The cost coeffi

cients provide the additional cost required to be paid if the 

in~ustry is operating in the region. The lower the cost coeff

icient, the higher is the acceptability and vice-versa. A 

broad classification of the regions on the basis of the high 

and the low values of these cost coefficients for various HFU 

industries is developed below. The regional cost coefficients 

** . for each industry are presented in Table o.3. We may now try 

* The Gross output estimate of the energy sector worked out 
as Rs.l72994 lakh where the 1970 final demand estimate is 
Rs.l7327 lakh. This gives inter-industry d$mand as Rs.l55667 lakh. 

** The cost coefficients do not exist for those sectors 
for which output levels are provided exogenously. 
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Table 6.3 : Industrywise Regional Cost-Coefficients for 1970 (on L.P. Model Basis) 

------ ------- - - - - - - - - - - - - - - - - - - - - - - - - -
State Andhra Bihar Gujarat Kerala Madhya Tamil 

St~ctor 
Pradesh Pradesh Nadu 

- - - - - - - - - - -
Maha- Karna- Orissa 
rashtra taka 

--------
Punjab Raja

sthan 
- - - - - - - - - - - - - - - - -Uttar West Haryana Rest of 

Pradesh Bengal India 

------ - - -- - - - - - - - - -- - - - -- - - - -- - - - - - - - - - - - - - - - - -- - - --- - - - - - - - - --- - - - - - - - - ---
Manufacturing Division 2 

Manufacturing Division 3 

Alcohol 

Cotton Textiles 

Paper and Paper Products 

Chemical Fertilizers 

Heavy Chemicals 

Chemicals (other than 
311.1.1 and 311.2) 

0.0046 0.0012 

0.0137 0.0014 -

- - -
0.0008 0.0003 0.0153 

o.o869 0.1334 

0.0067 0.0723 0.0243 

0.1197 0.1956 0.0517 

0.1267 0.0407 

0.0024 

-
-

-
0.0107 

o.o68o 

0.0035 0.0067 

- 0.0157 

0.0057 

-

-
0.0080 0.0008 

-
0.0011 0.0176 

0.0513 

0.0391 

0.1120 0.0006 

0 .oo 39 0.0220 

0.0035 0.0158 0.0125 

-
0.0017 

0 .OSS3 0.0643 

0.0400 0.0577 0.0002 -

0.0067 

0.0936 0.0779 

0.1676 

0.0025 0.0105 

0.0845 

0.0903 

- -

0.0069 0.0023 

0 .0112 0 .0014 

0.0436 

0.0055 

0.0077 

0.1024 

0.0022 0.0123 

0.0505 0.0519 0.0530 

0.0375 

0.0367 

0.0568 -
Structural Clay Products 

Glass and Glass Products 

Pottery-China and Earthenware 

- 0.0421 0.0543 0.0172 0.0450 0.0006 0.0415 0.0840 -
0.0597 

0.0105 

0.0597 0.0023 

Products 0.0787 0.0751 

0.1390 Cement 

Basic Iron and Steel 

Iron and Steel 
(other than Basic) 

0.0278 

0.0371 -
0.0722 0.1209 0.0276 

- 0.0458 0.0034 

-

-

o.o8o6 

0.0131 -
-

0.0811 0.0751 

0.9084 0.0202 0.2842 

0.1032 0.0196 

- 0.1595 

0.0708 

0.0165 0.0604 

0.1188 0.0468 0.0445 0.0737 0.1749 0.062S O.OS43 0.0293 0.057S 

0.0467 O.OS20 O.OOS6 Non~Ferrous Metals 

Energy 0.1236 0.1152 0.1894 0.0009 0.1105 0.0977 0.053S 0.0676 o.oo69 0.0290 0.2928 0.1262 

-- - - - -------- ------- -------- - - - - - - - - - - - -- - - - - - - - -------------------

0.0343 0.0099 

o.o5Sl 

o.o37o o.OS96 

0.0547 

0.0694 

0.1362 

- - - - - - - - -
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to indicate the acceptable regions for the industry such that 

if situated in these locations, the increase in the energy 

cost is not substantial. Also we try to indicate those loca

tions which are energy cost inefficient. 

In the case of the Alcohol industry, though Anrlhra Pradesh 

is the optimal location, it produces only 15.75 par cent output 

in 1970. On the contrary, Uttar Pradesh, with the highest cost 

coefficient, produces the highest Alcohol output (55.03 per 

cent). Thus the solution suggests the promotion of the above 

industry in Andhra Pradesh as also in Haryana and Madhya Pradesh. 

In the case of the Textile industry, a number of States 

are found with very small order cost coefficients, thereby indi

cating that the location can be widespread for this industry. 

But surprisingly, Maharashtra and Gujarat turn out to be the 

most inefficient locations along with Uttar Pradesh as they 

have uniformly high cost coefficient values. 

The existing regional allocation for the Paper industry 

is found reasonably good by the criterion of its production 

share (67.22 per cant) in those States which are either energy 

efficient or with very low cost coefficients. 

For the Fertilizer industry, the two States viz. Maha

rashtra and Bihar, with higher cost coefficients produce more 

than 40 per cent share of industry's output against the most 

efficient State of Tamil Nadu which produces around 10 per cent 

output. Hence it seems desirable to expand this industry in 

Tamil Nadu as well as in Andhra Pradesh and Gujarat on their 

cost coefficient basis. The present regional allocation of the 
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Heavy Chemical industry is desirable though the most efficient 

State viz. West Bengal has a pro~uction share of 6.02 per cent 

only. In the case of Other Chemicals, to our surprise, Kerala 

comes up as an optimal location with a very low output share 

(1.24 per cent). The State of Karnataka is found as the lowest 

cost efficient State which also produces a negligible output. On 

the other hand, Maharashtra, being last but one on the ascending 

ranking of the States, produces more than 60 per cent output of 

Other Chemicals. Hence, there seems to be some scope for 

promoting the Other Chemicals industry in Kerala and Karnataka.* 

In the case of Structural Clay Products, industry of the 

Non-metallic mineral products group, Bihar and West Bengal are 

the optimal locations from the solution of the L.P. model, 

wherein Bihar produces more than one-fifth of the industry's 

output while there is a considerable scope to expand the same in 

West Bengal. Maharashtra and Madhya Pradesh are the other two 

locations where the above industry can be promoted, particularly 

in Madhya Pradesh where the present output share is less than by 

even 5 per cent. For the Glass and Glass Products industry, 

Haryana is the most efficient location though it produces only 

9.68 per cent of the industry's output. The two locations, 

having low cost coefficient values, are Bihar and Maharashtra 

where Maharashtra produces about 40 per cent of the industry's 

output against a negligible output in Bihar. On the contrary 

* However, in interpreting the results of this industry, 
it should be noted that Kerala and Karnataka produce only 
mixed-fertilizer products while other States produce entirely 
different products. 
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Uttar Pradesh, with the highest cost coafficient, produces more 

than one-fifth of the industry's output. Hence, on the basis of 

cost coefficiant, Bihar an1 Haryana are the possible locations 

for promoting the Glass and Glass Products industry. Wast Bengal 

is found as the optimal location for the China-Pottery and 

Earthenware industry which is already producing about one-third 

of the industry's output. On the cost coefficient basis, Haryana 

comes next to West Bengal producing about 20 par cent output of 

it. The production of the Cement industry is not highly con

centrated in any of the locations. As Madhya Pradesh and Bihar 

are found optimal locations for the same, tha industry can have 

a significant scope for its expansion from enargy cost point of 

view. Similarly, Andhra Pradesh and Rajasthan are two other 

locations which can be encouraged to promote the Cement industry. 

The Basic Iron and Steel industry is considered as natural 

resource based industry whose output levels are provided exogen

ously. Hence the comparison of cost coafficients is not valid 

for this. The principal production locations of the Iron and Steel 

(other than Basic) industry have more or less the same cost 

coefficients in the midc:lle range. Haryana turns out to be cost 

efficient followed by Gujarat and Uttar Pradesh. 

In the case of Non-Ferrous Metals industry, Maharashtra and 

Rajasthan are found to be the optimal locations wharein Maharashtra 

is already producing substantially high output (36.82 per cent) 

while Rajasthan produces only 2.66 per cent of the industry's 

output. Considering the low cost coefficient of Gujarat the Non

Ferrous Metals industry can be promoted in Rajasthan and Gujarat. 



Tabla s6.1 : Input Coefficient Matrix of Inrlia for 1968-69 (Excluring Energy Row) 

:1: ~.:~t~r= = ----= = = -0~1:~2~ --~ .~2:8~6- -= 0:0~:~~; = : ~.~2~6~1: : 
2. Manufacturing Division 2 

3. Manufacturing Division 3 

4. Alcohol 

5. Cotton Textiles 

6. Paper and Paper Products 

7. Chemical Fertilizers 

S. Heavy Chemicals 

9. Chemicals (other than 
311.1.1 and 311.2) 

10. Structural Clay Products 

11. Glass and Glass Products 

12. Pottery-China and 
Earthenware Products 

13. Cement 

14. Basic Iron and Steel 

15. Iron and Steel 
(other than Basic) 

l6a Non-Ferrous Metals. 

17. Others 

0.005161 

0.000524 

o.o 

0.003730 

o.ooooo6 

0.021972 

o.o 

0.001786 

o.o 

o.o 

o.o 

o.o 

o.o 

o.o 

o.o 

0.122641 

0.017845 

0.000040 

0.018089 

0.020574 

0.000015 

0.002931 

0.016159 

0.000307 

0.000307 

0.000307 

0.000060 

0.001929 

0.001929 

0.001139 

0.007960 0.045797 

0.0185~9 0.011484 

0.1695~7 0.026632 

0.000395 0.002950 
I 

0.0017j75 
\ 0,0036194 
\ 

0.000423 

0.011895 

0.030254 

0.003615 

0.003615 

I 
0.003615 

I 

0 .OOOCJ93 

0.100856 
I 

0 .llOOB56 

0.0740~2 
! 

0.0550~5 
I. 

o.o 

0.005512 

o.o 

0.244662 

0.021507 

0.032766 

0.032766 

0.032766 

o.o 

o.o 

o.o 

o.o 

0.210032 

- - - - - - ------- - - - - - - - - - - - - - - - - -5 6 7 B 9 - - ------- ------ - - - - - - - - -
0.260254 0.049518 0.023504 0.020837 0.065280 

0.031947 0.034351 0.014653 0.044682 0.084821 

0. J09140 0.020127 0.0.39234 - 0.060205 0.0.317/i5-

o.o o.o 0.002422 o.o 0.000280 

0.210016 0,000778 o.o 0.0 0.007876 

0.002951 0.081492 0.000119 0.000139 0.021174 

o.o o.o 0.045215 o.o 0.000301 

0.005322 0.034064 0.034360 0.058877 0.069203 

0.021436 0.017585 0.009360 0.010488 0.144556 

o.o o.o o.o o.o 0.010238 

o.o o.o o.o o.o 0.010238 

o.o o.o 0.0 o.o 0.010238 

o.o 0.004345 0.000059 0.001538 0.000020 

0.000698 0,000163 0.000029 0.002447 0.001664 

0.000698 0.000163 0.000029 0.002447 0.001664 

0.000150 0.000081 0.000029 0.030417 0.009728 

0.036748 0.058905 0.057386 0.079994 0.046166 

- - - - - - - - - - - - - - ----t- - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - -- ---------------------
1 (continued) 
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Table A6 .1 : ( con~inued) 

--------------------------------------------------------------------------
Sec~or 10 ---------------------

1. Primary 

2. Manufac~uring Division 2 

3. Manufac~uring Division 3 

4. Alcohol 

5. Co~ton Textiles 

6. Paper and Paper Products 

7. Chemical Fertilizars 

8. Heavy Chemicals 

9. Chemicals (other than 
311.1.1 and 311.2) 

10. Structural Clay Products 

11. Glass and Glass Products 

12. Pot~ery-China and 
Earthenware Products 

lJ, Cement 

14. Basic Iron and Steel 

15. Iron and Steel 
(other than Basicl 

16, Non~Ferrous Metals 

17. Others 

0.031322 

0,004214 

0.013179 

o.o 
0.000290 

0.003420 

o.o 
0.007162 

0.004489 

0.026481 

0.026481 

0.026481 

0.007406 

0.006337 

0.006337 

0.000183 

0.040744 

ill 12 14 15 16 17 18 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
0.031322 

0.004214 

0.013179 

0.0 

0.000290 

0.003420 

o.o 
0,007162 

0,004489 

0.026481 

0.026481 

0.026481 

0.007406 

0.006337 

0.006337 

0.000183 

0.040744 

0.031322 

0.004214 

0.013179 

o.o 
0.000290 

0.003420 

o.o 
0.007162 

0.004489 

0.026481 

0.026481 

0.026481 

0,007406 

0.006337 

0.006337 

0.00018) 

0.040744 

0.104614 

0.148019 

0.035503 

o.o 
o.o 
0.002949 

0.006005 

0.000316 

0.000105 

o.o 
o.o 

o.o 
0.007690 

0.027391 

0.027391 

o.o 
0.179204 

0.037030 

0.002831 

0,024699 

o.o 
o.o 
0.000717 

o.o 
0.001560 

0.001660 

0.008543 

0.008543 

0.008543 

o.o 
0.160780 

0.160780 

0.039547 

0.159824 

0.037030 

0.002831 

0.024699 

o.o 
o.o 
0.000717 

0.0 

0.001560 

0.001660 

0.008543 

0.008543 

0.008543 

o.o 
0,160780 

0,160780 

0.039547 

0.159824 

0.033341 

0.002564 

0.031171 

o.o 
o.o 
0.002367 

o.o 
0.040148 

0.004241 

o.o 
o.o 

o.o 
0.000049 

0.007447 

0.007447 

0.256128 

0.071763 

0.052030 

0.058963 

0.062475 

0.000001 

o.o 
0.000482 

o.o 
o.o 

0.004551 

0.078509 

0.078509 

0.078509 

0.011934 

0.041027 

0.041027 

o.o 
0.044196 

0.000019 

0.003298 

0.016539 

o.o 
o.o 
o.o 
o.o 
o.o 

0.002311 

o.o 
o.o 

o.o 
0.000038 

o.o 

o.o 
o.o 
0.035352 

--------------------------------------------------------------------------
~ : Sector 18 relates to Energy. 



Table A6.2 : Statewise Sectoral Total Snergy Coefficient (Rs./000 Rs. Output) 

-- - - -- - -- - - --- - -- - - - - - - - - - - - - - - - - - - - - -Industry 

State 

01 
(1) 

20 
(2) 

30 
(3) 

211 
(4) 

-------
231 
(5J 

------------ - - - - - - - -- - - - - - - - - - -- - - - - - - - - - - - -
Andhra Pradesh 

Bihar 

Gujarat 

Kerala 

Madhya Pradesh 

Tamil Nadu 

Maharashtra 

Karnataka 

Orissa 

Punjab 

Rajasthan 

Uttar Pradesh 

West Bengal 

Haryana 

0.002432 

0.003493 

0.003922 

0.000455 

0.000731 

0.007141 

0.002639 

0.001478 

0.000388 

0.002618 

0.001450 

0.001940 

0.000221 

0.002618 

0.016841 
\1 S1 'b 

0.017578 

0.022581 

0.015041 

0.016660 

0.016227 

0.014163 

0.016701 

0.036908 

0.012702 

0.026796 

0.018228 

0.019587 

0.014989 

0.034022 

0.018653 

0.024423 

0.017026 

0.030938 

0.027965 

0.019009 

0.020602 

0.034641 

0.029489 

0.115113 

0.098402 

0.028229 

0.018467 

0.010440 

-

0.077431 

-

0.176438 

0.050622 

0.035923 

0.032048 

0.054172 

0.034979 

0.041596 

0.035635 

0.050260 

0.033299 

0.033550 

0.031446 

0.040650 

0.046660 

0.033650 

165 

-------------------------271 
(6) 

311.1.1 
(7) 

311.2 
(8} 

311 (R) 
(9) 

- - - - - - - - - - - - - - - -- -- - - - - ---
0.135277 

0.186700 

0.064736 

0.099375 

0.045512 

0.131533 

0.110643 

-
-

0.134762 

0.093688 

0.095084 

0.074881 

0.134025 

0.099488 

0.067272 

0.102749 

-

0.202788 

0.273242 

0.142622 

0.083537 

0.194387 

0.080845 

0.175771 

0.077879 

0.130028 

0.049769 

0.000350 

0.043788 

0.059308 

0.000686 

0.056949 

------------------------------------------ -- - - - - - - - - - - - - - - - - - - -- - - - -- -
India 0.002221 0.018203 0.024652 0.109276 0.043677 0.096135 0.098911 0.114445 0.059851 

- - --- - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ------ ------
(continued) 
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i (continued} . 
------------
State 

Industry -------------------------------
331 332 333 334 341.1 

(10) (11) (12) (13) (14) 
- - - - - - - - - - - - - - - - - - - - -- - - - -341 ( R} 342 40 50 

(15) (16) (17) (18) 

----------------------- ------------- ------------------- - - - - - - - - - -
Andhra Pradesh 

Bihar 

Gujarat 

Kera1a 

Madhya Pradesh 

Tamil Nadu 

Maharashtra 

Karnataka 

Orissa 

Punjab 

Rajasthan 

Uttar Prad~sh 

West Bengal 

Haryana 

- - - - - - - - - - - -
India 

-
0.149740 

0.203297 

0.203420 

0.172146 

0.198944 

0.152043 

0.190813 

0.236033 

0.149271 

0.117937 

0.130466 

0.225388 

0.134735 

0.115174 

- - - - - - - - - - - - -
0.159710 0.174644 

0.234292 

0.236720 

0.235866 

0.313000 

0.150443 

0.184611 

0.219142 

0.225175 

0.330405 

0.191626 

0.271547 

0.264120 

0.263248 

-

--------------
0.160293 0.247119 

0.067133 

0.189472 

0.034303 

0.058377 

0.038291 

0.048429 

0.310443 

0.221330 

0.043541 

0.091131 

0.052401 

0.064044 

0.092008 

0.137982 

0.051579 

0.137912 

0.066518 

0.062712 

o.o908l9 

0.192642 

0.079821 

0.106179 

0.050734 

0.074874 

0.017274 

-------------
0.1lo419 0.071818 

-
0.062429 

0.032216 

-
0.067580 

0.018415 

0.098244 

0.027193 

0.024925 

0.066652 

0.067132 

0.045700 

0.043260 

0.062904 

0.042654 

0.027853 

0.014360 

0.042592 

0.062110 

0.056998 

0.052647 

0.060229 

0.062110 

0.130960 

0.115448 

0.203858 

0.000947 

0.117640 

0.104213 

0.056563 

0.000287 

0.072155 

0.006874 

0.0~~793 

0.300106 

0.125761 

- - - -- - - - - - - - -
0.135717 

- --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



Table A
6
,) : Statewise Sectoral Value Added Coef'i'icient:.s for 1970 (For Indust. riel s .. ct.or) 

- - - - - - - - - - - - - - - ------ - - - - - - - - - - - - - ------- --
Industry 

State 

20 
(2) 

30 
(3) 

- - - - - - -- - - - - - - - - -

211 
(4) 

231 
( 5) 

- -
271 
(6) 

311.1,1 
(7) 

311,2 311(R) 
(8) (9) 

- - --- - - - - - - - -- - - - - -
Andhra Prad~sh 0.432214 0.352412 0.339832 0.384717 0,563151 0.698720 0.585141 0.354780 

Bihar 0.431477 0.367781 0.388592 0.639576 0.514687 

Gujarat 0.426474 0.362011 0.366468 0.511728 0.674113 0.645307 0.435039 

Kerala 0.434014 0.369408 - 0.385661 0.704392 0.484458 

Madhya Pradesh 0.432395 0.355496 0.272841 0.379044 0.633692 

·ramu Nadu 

Maharashtra 

Karnataka 

Orissa 

Punjab 

0.432828 0.358469 

0.434892 0.367425 

0.432354 0.365832 

0.412147 0.351793 

0.436353 0.356945 

- 0.385005 0.599053 0.706329 0.593542 0.441020 

0.370380 0.652916 0.670852 0.707084 0.425500 

0.387341 0.566895 0.484122 

0. 387090 0. 5877 85 -

0.389194 -
Rajasthan 0.422259 0.271321 - 0.379990 

Uttar Pradesh 0.430827 0.288032 0.173834 0.373980 0.563666 0.612158 

West Bengal 

Haryana 

0.429468 0.358205 

0.434066 0.367967 0.299650 

0.386990 0.604740 

- 0.603344 

0.710050 0.427859 

- -
- - - - - -- - - - - - - - -- - - - - - - - - - - - - - - - - - - - - -- - - -- - - - - - --
India 0.430852 0.361782 0.240996 0.376963 0.602293 0.674690 0.673484 0.424957 

----------------------·-------------------------

----------------------
Industry d~T 

State 

332 
(ll) 

333 
(12) 

- - - - - - - - - - -- - - - - - - - - - - - -'334 
(13) 

341'fl. 
(14) 

341 (R) 
(15) 

342 
(16) 

50 
(18) 

- --- - - - ---- - -- -- -- - - -- -- - - - - - - - - - - - - - - - - - - - - - - - - -
Andhra Pradesh • 0.561182 0.241671 0.317810 0.292935 0.811483 

Bihar 0.6~5134 0.677537 0.235638 0.195471 0.246961 0.580905 0.826995 

Gujarat 

lerala 

0.592177 

0.592054 
- 0.558754 0.130408 0.350640 0.333364 0.611118 0.738585 

- 0.941496 

Madhya Pradesh 0.623328 

Tamil Nadu 0.596530 -
0.559608 0,269187 0.326566 0.247031 0.824803 

0.189266 0.346652 0.318425 0.575754 0.838230 

0.336514 0.322231 0.624919 0.8R5880 

0.196693 0.074500 0.294124 0.545090 0.942156 

Maharashtra 

Karnataka 

Orissa 

Punjab 

Rajasthan 

UttarPradesh 

West Bengal 

Haryana 

0.643431 0.665008 

0.604661 

0.559441 

-
-

-

0.570086 0.482474 

0.646203 0.660739 0.645031 

- o.6803oo o.61o863 

0.197565 

-
-

0.163613 0.192301 0.870288 

0.341402 0.305122 0.935569 

- 0.278764 0.616141 0.897650 

0.293812 0.334209 0.642337 

0.332542 0.310069 0.618409 0.816682 

0.320899 0.367669 

-- --- - - ---- - -- - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
India 0.635704 0.620830 0.635181 0.213694 0.268524 0.313125 0.557888 0.806726 

------------------------------------------------
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Table A6.4 : Final Demand Estimates of India for 1970 

- - - - - - - - - - - - - - - - - - - ... - - - ... - - - - - --
Sector Final Demand 

(Rs.lakh) ----------------------------
1. Primary 

2. Manufactnring Division 2 

3. Manufacturing Division 3. 

4. Alcohol 

5. Cotton Textiles 

6. Paper and Paper Products 

7. Chemical Fertilizers 

8. Heavy Chemicals 

9. Chemicals (other than 
311.1.1 and 311.2) 

10. Structural Clay Products 

11. Glass and Glass Products 

12. Pottery-China and Earthenware 
Products 

13. Cement 

14. Basic Iron and Steel 

15. Iron and Steel (other than Basic) 

16. Non-Ferrous Metals 

17. Others 

18. Energy 

- - - - - - - - - - - - - - - - - - - - - - -

2012884 

442392 

186173 

18802 

192441 

1106 

-
19908 

2950 

2950 

2950 

737 

4424 

4424 

-
779347 

17327 

- - - -



CHAPTER 7 

IMPACT OF ENERGY PRICE HIKE ON 
REGIONAL ECONOMIES 

So far we were analysing the various aspects of regional 

variation in the fuel consumption and the fuel price was only 

in~irectly taken note of via r~gional cost differ~ntials. How

ever, a consideration of price per !! in the context of its 

impact on regional economies is not only important but is a 

desideratum as the energy prices are found to be increasing 

much faster than those of other commodities. 

The first obvious effect of the en~rgy price rise is the 

sympathetic rise in prices of oth~r commodities. The second 

consequence can be a change in the relative output levels of 

different sectors leading to a compositional or structural 

change in the economy. Due to the variation in the pattern of 

existing fuel consumption in various regions as noted earlier 

and also the unequal relative price rise in different fuels, 

the impact of the energy price rise is not likely to be uniform 

over the various regions. Therefore it is important to examine 

the effects of energy price rise on the economy both at national 

and at regional level. 

The input-output frame would be convenient to analyse 

the impact of the said pr~ce rise on the different sectors of 

the economy. For the analysis in such a frame, input-output 

tables are a primary requisite. The input-output tables for 

169 
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Indian Union over a period of years are available and the 

analysis related to the structural change due to energy price 

hike is carried out for India as a whole and is presented in 

the Appendix 7.1. At the regional level it would be useful to 

assess how the hike in energy prices has affected the composition, 

particularly the output-mix over time and secondly to examine 

how the relative position of a region as regards the price of a 

particular industry group has changed as a result of the hike in 

the energy prices. The r~lative positions of a region vary 

because of different fuel mixes and also due to product-mix. To 

examine the changes over time, regional input-output tables are 

required for different time periods. As such a set of tables is 

not available, this aspect could not be examined. However for 

the year 1965, input-output tables for different regions on a 

comparable basis are available. In this chapter, an analysis 

of sectoral price changes in different regions due to energy 

price hike is undertaken. The methodology in the input-output 

frame and the results are discussed below. 

7.1 Effect of Energy Price Hike on 
Prices of Other Sectors 

7.1.1 Methodology of Analysis 

In the input-output frame, the whole economy is divided 

into a number of sectors. An input coefficient (aij) represents 

the requirement of a consuming sector (i) per unit output of a 

producing sector (j) and an input column represents the technical 

requirements of all inputs to produce one rupee worth output of 

the producing sector. The income generated in the production 

process is output net of all inputs viz. the value added coefficient 
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which is [1 - t aij] where 'i' represents the ith input. The 

consistent prices for equilibrium are obtained by the following 

system of equations -

for all j. 

The changes in the equilibrium prices due to changes in 

the input prices are studied with the help of the above system 

of equations. 

An increase in the price of any sector leads to one of 

the three following alternatives, viz.: 

(l) All the price increase in one or more sectors is 

attributed to the producing sector, resulting in the reduction 

in the value ad~ed and prices of all other sectors remain 

unchanged. 

(2) The entire price rise of a sector is transferred to 

the consuming sectors, maintaining its existing level of value 

added. 

(3) The effect of price rise is shared between the 

producer and consumer sectors which reduces the value added to 

some extent and the remaining effect is attributed to the 

prices of other sectors. All the three alternatives can be 

stu~ied with the above system of equations, which can be rewritten 

in the matrix form for the purpose of price evaluation as 

V • P(I - A) ••• (1) 

or 

V(I - A)-1 • P ••• (2) 

where Vis a row vector of value added, Pis a row vector of 

prices, A is the technological matrix and I is the identity 
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matrix of the same order as that of A. Using the standard input

output methods new prices can be determined. 

Let us consider a three sector economy and write the 

system of prices as -

• • a11P1 + a21P2 + • a31 PJ + v, • p1 

* * • a12p1 + 8 22p2 + 8 32P3 + v2 • p2 ••• (I) 

* * a13P1 + a2JP2 + * a33P3 + VJ • PJ 

where a~j is the physical input coefficient from itb sector to 

jth one, P1 , P2 and P
3 

are the prices of three sectors and v1 , 

v2 and v3 are the value added coefficients. 

If the price of the third sector for instance, changes 

from P3 to (1+r)P
3

, then the whole system undergoes a change as 

sector '3' enters as input in all other sectors directly or 

indirectly. The changes are either of the three alternatives, 

mentioned above. In the case of first alternative, the solution 

is easy as v1 changes by (r.P
3

) and P1 , P2 remain unchanged. In 

the case of the second alternative, where value added remains 

unchanged and prices of other sectors undergo changes, the 

system has to be reformulated and new prices are to be obtained. 

Let the new prices of the three sectors be f 1 , f2 and f 3• 

The system with these new prices becomes -

* * * .,,f, + a21f2 + a31f3 + v, • f1 

* * * a12f1 + a22f2 + a32f3 + v2 • f2 • • • (II) 

* * * a13f 1 + a23r2 + aJJfJ + v3 • t 3 ) 

Taking for instance, the price of the third sector as 

given exogenously as 
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and hence the system gets reduced to two equations system as -

* a11 f1 * N + a21 r2 + v1 • r1 

* a12r2 + * N a22f2 + v2 • r2 

N where v1 • * a31r.3 + v1 

N * v2 • a32r3 + v2 • 

and 

I • • • (III) 

The system (III) can now be solved for f 1 and f 2 as 

[

1 : a~1 
-a12 J [::) . [:U 

or 

In the case of the third alternative, mentioned above, the 

estimation of vf and V~ can be made with the prior knowledge 

about share between the producer and the consumer sector of the 

impact due to price changes and the system can be solved with 

the above equations for new prices. 

If the prices of the original system are normalized such 

that each price is taken as unity, the price solution vector of 

f 1 and f 2 of the new system would give the new prices as ratios 

of the earlier prices. 

7.1.2 Application of the Price Impact Model 

Using a similar methodology Rangarajan et a11 have studied 

changes in the prices of other sectors consequent on the changes 

1 c. Rangarajan, Raaj Kumar Sah and K.S. Reddy, "Impact of 
Hike in Prices of Coal and Petroleum Products," Artha Vijnana, 
Vol. XXIII, No. 2, June 1981, PP• 176-181. 
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I 
in the price of the energy sectors for the Indian economy as a 

whole under four different assumptions about the price restric

tions on the various sectors viz. Coal, Electricity and Railways. 

The 66 x 66 Interindustry matrix of the Planning Commission, 

which refers to 1973-74 technical coefficient at 1971-72 prices, 

has been used for the said study and the price increases of Coal 

and Petroleum Products are those announced in July, August and 

September 1979. When no such restriction was imposed exogenously 

on any economic sector, they observed that all high fuel using 

industries showed a more than one per cent *rice increase. And 

these increases were observed to be the highest price increases 
I 

when compared with those obtained under the certain price 

restrictions of the above-noted sectors. 

Though this is the only study of its type dealing with 

the impact of energy price hike on the Indian economy, the 

results of the same cannot be accepted as they are for the 

following reasons. Since the authors use the input-output table 

of an earlier vintage price and use the current price hikes, 

the resulting increases found are over the base year prices 

rather than the current ones as the price corrections are not 

carried out. 

The focus of our impact study is to understand the rate 

of energy price hike on the different regional economies. Such 

a regional study not only provides an understanding of the 

magnitudes of the price increases of the non-energy sectors 

under conditions of energy price hike, but also has a very large 

bearing on the locational policy implications. 
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To carry out the regional impact study, we need to have 

regional input-output tables, Such tables are available only 

for the year 1965 on a comparable basis for all the regions, 

Though the data are of old vintage, an analysis based on these 

tables would give us an indication of the differential impact 

of energy price hike on differ~nt regions, 

The data are taken from the Artha Vijnana (1979) 2 which 

contains all regional input-output tables including the Indian 

Union, The tables have been uniformly constructed for 85 sectors 

and are evaluated at the 1965 producer prices, Because of the 

difficulties involved in handling such large sized tables, these 

are aggregated into 8 x 8 sectors. Since the anergy sectors 

are of significant importance, out of these 8 sectors, four are 

devoted to energy and the rest of the economy is divided into 

four other sectors. The eight sectors are: Agriculture, Manu

facturing Division 2, Manufacturing Division 3, Transport, 

Firewood, Coal, Petroleum Products and Electricity. 

The reduced 8 x 8 input coefficient matrices for each 

region are presented in the Table A7.2 of this chapter, 

The sectoral price impact due to energy price hike is 

studied, once with Petroleum Products alone as the exogenous 

sector and subsequently with all energy sectors as exogenous. 

On the basis of the number of endogenous sectors, the former 

model is termed as 7 sector model and the latter is called as 

the 4 sector one. 

2 P, Venkatramaiah A.R. Kulkarni and Latika Argade, 
"Regional Input Output Tables for India, 1965," Artha Vijnana, 
Vol, XXI, No, 3, 4, September-December 1979. 
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The impact of energy price for both these models is 

studied for the following five time periods, viz. 1970, 1975, 

1977, 1980 and 1981, for which actual energy price changes are 

utilized. The energy price changes over the period are calcu

lated from tha wholesale price index data3 and presented below. 

Table 7.1 : Energy Sector's Price Index for 1970 to 1981 

(1965 • 1) ------------------------------
Sector 

Year --------------------------------------------Firewood Coal Petroleum Electricity 
Products - -- ------ ------ - - - - - - - - - - - - -

1970 1.539 1.395 1.029 1.229 
1975 2.726 2.381 3.612 1.887 
1977 3.065 2.756 4.421 2.205 
1980 3.963 4.679 5.432 2.874 
1981 4.799 5.857 7.466 3.313 

-------------------------------
7.2 Differential Regional Price Impacts 

7.2.1 Differential Price Impacts on 7 Sector Model 

We discuss firstly the results of the 7 sector model, 

where the impact of rise in the price of Petroleum Products 

alone is considered. The results are presented in Table 7.2 to 

7.6 in the form of percentage increase in the prices of all 

sectors for the five years due to the price rise in Petroleum 

Products, for each region. The Table 7.2 shows that for a rise 

of 2.9 par cent in the price of Petroleum Products; the consequent 

3 Government of India, Ministry of Commerce and Industry, 
'Wholesale Price Index Numbers, 1970-71 • 1001 , Office of the 
&conomic Adviser , New Delhi. 



Table ?:.:£..._ : Perceneage Price Increase in Seceors ~ue eo Price Hike in Peeroleum Prortuces, 1970 
(Petroleum price : 1.029, 2.9 per cent increase) 

- - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
State 

Agri- Manufac-
culture turing 

Industries 
Div. 2 

Manufac
turing 
Industries 
Div. 3 

Transport Firewood Coal* 
- - - - -
Electri
city 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - -- - - - - - - - - -
1. Andhra Pra~esh 
2. Assam 
3. Bihar 
4. Gujarat 
5. Kerala 
6. Madhya Pradesh 
7. Tamil Nadu 
8. Maharashtra 
9. Karnataka 

10. Orissa 
11. Punjab 
12. Rajasthan 
13. Uttar Pra~esh 
14. West Bengal 
15. Delhi 

0.0144 
0.0047 
0.0137 
0.0116 
0.0040 
0.0127 
0.0149 
0.0067 
0.0025 
0.0053 
0.0189 
0.0135 
0.0084 
0.0060 
0.0109 

0.0335 
0.0363 
0.0258 
0.0434 
0.0458 
0.0331 
0.0484 
0.0113 
0.0100 
0.0233 
0.0579 
0.0387 
0.0295 
0.0502 
0.0659 

0.0524 
0.0489 
0.0399 
0.0476 
0.0516 
0.0403 
0.0734 
0.0107 
0.0048 
0.0227 
0.0765 
0.0453 
0.0557 
0.0562 
0.0796 

0.1074 
0.0794 
0.0656 
0.0673 
0.1421 
0.0824 
0.1297 
0.0080 
0.0110 
0.0526 
0.1599 
0.0956 
0.1006 
0.1207 
0.1574 

0.0029 
0.0032 
0.0029 
0.0031 
0.0053 
0.0031 
0.0062 

0.0361 
0.0398 
0.0317 
0.0000 
0.0000 
0.0328 
0.0389 

0.0004 0.0255 
0.0004 o.oooo 
0.0020 0.0292 
0.0076 0 .0000 
0.0032 o.oooo 
0.0041 0,0000 
0.0054 0.0350 
0 .0196 0 .oooo 

0.1084 
0.3024 
0.0629 
0.0456 
0.0360 
0.0585 
0.0352 
0.0213 
0.03$9 
0.0205 
0.0159 
0.0910 
0.0418 
0.0332 
0.0557 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - -All India 0.0119 0.0424 0.0521 0.1047 0.0042 0.0349 0.0472 - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - -- - - - - - - - - - - - - - -
* In case of Coal, zero per cent price increase is due to non-production of Coal in those 

regions. 



Table 7.3 : Percentage Price Increase in Sectors Due to Price Hike in Petroleum Pro~ucts,l975 
(Price for Petroleum Pro~ucts: 3.612 i.e. 261.2 Per Cent Increase] 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - -
Sector 

State --------
Andhra Pradesh 
Assam 
Bihar 
Gujarat 
Kerala 
Madhya Pradesh 
Tamil Nadu 
Maharashtra 
Karnataka 
Orissa 
Punjab 
Rajasthan 
Uttar Pra~ash 
Wast Bengal 
Delhi 

Agri- Manufac• 
culture turing 

Industries 
Div. 2 

Manufac
turing 
Industries 
Div. 3 

- - - - - - - - - -- - - - - - -
1.30 
0.43 
1.23 
1.05 
0.36 
1.15 
1.34 
o.6o 
0.23 
0.48 
1.70 
1.22 
0.76 
0.54 
0.98 

3.02 
3.27 
2.32 
3.91 
4.12 
2.98 
4.36 
1.02 
0.90 
2.10 
5.22 

3.48 
2.66 
4.53 
5.94 

4.72 
4.41 
3.60 
4.29 
4.65 
3.63 
6.61 
0.96 
0.43 
2.04 
6.89 
4.08 
5.02 
5.06 
7.17 

Trans
port 

9.67 
7.16 
5.91 
6.06 

12.80 
7.42 

11.68 
0.72 
0.99 
4.74 

14.40 
8.61 
9.06 

10.87 
14.18 

Fire
wood 

Coal >~< &lectri
city 

- - - - - - - - - -
0.26 
0.29 
0.26 
0.27 
0.48 
0.29 
o. 56 
0.03 
0.04 
0.18 
0.69 
0.29 
0.37 
0.49 
1.77 

3.25 
3.58 
2.86 
o.oo 
o.oo 
2.96 
3.50 
2.30 
o.oo 
2.63 
o.oo 
o.oo 
o.oo 
3.16 
o.oo 

9.76 
27.23 
5.66 
4.11 

. 3.24 
5.27 
3.17 
1.92 
J.51 
1.85 
1.43 
8.19 
3.76 
2.99 
5.01 

- - - - - - - - - - - - - - - - - ------------------ - - -
India 4.70 9.43 0.37 3.15 4.25 

- - - - - ------ - - - - - - - - - - - - - - - - - - - - - - - - - - -
* See note to Table 7.2. 



Table 7.4 : Percentage Price Increase in Sectors Due to .1"~<91 H!kot in Patro~aum Prorluct.s,~977 
(Price for Petroleum Products: 4.421 i.e. 34:'.l Per Cant Increase) 

- - - -

State 

- - - - -
Sector Agri

culture 

- - - - - - - - - - - - - - -
Andhra Pradesh 
Assam 
Bihar 
Gujarat 
Kerala 
llladhya Pradesh 
Tamil Nadu 
Maharashtra 
Karnataka 
Orissa 
Punjab 
Rajasthan 
Uttar Pradesh 
West Bengal 
Delhi 

1.70 
0.56 
1.62 
1.37 
0.47 
1.50 
1.75 
0.79 
0.29 
0.62 
2.23 
1.60 
0.99 
0.70 
1.29 

Manufac
turing 
Industries 
Div. 2 

- - - - -
3.95 
4.28 
3.04 
5.12 
5.40 
3.91 
5. 71 
1.33 
1.18 
2.75 
6.83 
4.56 
3.48 
5.93 
7.77 

-----------
Manufac- Tran~ 
turing por.t 
Industries 
Div. 3 

- - - - - -~ ·-- ' 

6.18 
5. 77 
4.71 
5.62 
6.09 
4.75 
8.66 
1.26 
0.56 
2.67 
9.02 
5.35 
6.58 
6.63 
9.39 

12 .btl 
9.11 
7.7t+ 
7.9. 

16.:16 
9.71 

15 .}() 
0.94 
l.,ll 

6.20 
18.86 
11.21! 
11.87 
14.24 
18.57 

- - -- - - - - - - - - - - - - - - - - - - - - - -
India 1.40 5.00 6.15 12.35 

~.. -. - -
Fire
wood 

- - - -
Coal* 

- - - - -
~lactri
city 

- - - - - - - - - - - - -
0.34 
o.J8 
0.34 
0.36 
0.63 
0.37 
0.73 
0.04 
0.05 
0.24 
0.90 
0.38 
o.48 
0.64 
2.31 

- - - -
0.49 

4.26 
4.69 
3.74 
o.oo 
o.oo 
3.87 
4.59 
3.01 
o.oo 
3-45 
o.oo 
o.oo 
o.oo 
4.14 
o.oo 

- --- - -

12.79 
35.67 

7.42 
5.38 
4.24 
6.90 
4.15 
2.51 
4.59 
2.42 
1.87 

10.73 
4.93 
3.92 
6.57 

- - -
5.57 

- - - - - - - - - - - - - - - -- - - - - - - - -- - - - - - - - - - - - - - - - --
* See note to Table 7.2. 



Table 7.5 : Percentage Price Increase in Sectors Due to Price Hike in Petroleum Products, 19SO 
(Price for Petroleum Pro~ucts: 5.432 i.e. 443.2 Per cent Increase) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Sector 

State 

Agri
culture 

- - - - - - - - - - - - - -
Andhra Pradesh 
Assam 
Bihar 
Gujarat 
Kerala 
Madhya Pradesh 
Tamil Nadu 
Maharashtra 
Karnataka 
Orissa 
Punjab 
Rajasthan 
Uttar Pradesh 
West Bengal 
Delhi 

2.20 
0.72 
2.10 
1.78 
0.60 
1.95 
2.27 
1.02 
0.38 
0.81 
2.89 
2.07 
1.28 
0.91 
1.67 

Manufac
turing 
Industries 
Div. 2 

Manufac
turing 
Industries 
Div. 3 

- - - - - - - - -
5.12 
5.55 
3.93 
6.63 
7.00 
5.06 
7.40 
1.72 
1.53 
3.56 
8.85 
5.91 
4.51 
7.68 

10.07 

8.00 
7.48 
6.10 
7.28 
7.88 
6.16 

11.22 
1.64 
0.73 
3.46 

11.69 
6.93 
8.52 
8.59 

12.16 

-------- - - - - - - - - - - - - - - -
India 1.82 6.47 
- - - - - - - - - - - - - - - - - - - -- - - - -
* See note to Table 7.2. 

Trans
port 

16.41 
12.14 
10.03 
10.29 
21.71 
12.59 
19.82 

1.22 
1.68 
8.04 

24.44 
14.62 
15.38 
18.44 
24.05 

Fire
wood 

Coal * 

-------
0.44 
0.49 
0.44 
0.46 
0.82 
0.48 
0.95 
0.06 
0.06 
0.24 
1.17 
0.49 
0.63 
o.83 
3.00 

5.52 
6.o8 
4.85 
o.oo 
o.oo 
5.02 
5.94 
3.89 
o.oo 
3.45 
o.oo 
o.oo 
o.oo 
5.36 
o.oo 

Electri
city 

- - - -
16.57 
46.21 
9.61 
6.97 
5.50 
8.93 
5.38 
3.25 
5.95 
2.42 
2.43 

13.90 
6.39 
5.07 
8. 51 

------------------
16.00 0.64 5.34 7.22 

- - - - - - - - - - -



Table 7.6 : Percentage Price Increase in Sectors Due to Price Hike in Petroleum Products, 1981 
[Price for Petroleum Products: 7.466 i.e. 646.6 Per Cent Increase] 

--------
Sector 

State 

- - - - - - - - - - - - - - - - - -
Agri- Manufac- Manufac-
cu1ture turing turing 

Industries Industries 
Div. 2 Div. 3 

- - - - -
Trans
port 

- - - - - - - - - - - - - - - - - - - ----------
Andhra Pradesh 
Assam 
Bihar 
Gujarat 
Kerala 
Madhya Pradesh 
Tamil Nadu 
Maharashtra 
Karnataka 
Orissa 
Punjab 
Rajasthan 
Uttar Pradesh 
West Bengal 
Delhi 

3.22 
1.06 
3.06 
2.59 
0.89 
2.84 
3.31 
1. 50 
0,56 
1.18 
4.22 
3.02 
1.87 
1.33 
2.43 

7.47 
8,10 
5. 74 
9.67 

10,21 
7.39 

10,80 
2,51 
2.24 
5.20 

12.91 
8.62 
6,58 

11.20 
14.69 

-------------------
India 2.65 9.44 

11.68 
10.91 
8.90 

10.62 
11.50 
8.99 

16.37 
2.39 
1.06 
5.05 

17.06 
10.11 
12.44 
12.54 
17.74 

23.95 
17.71 
14.63 
15.01 
31.68 
18.37 
28.92 
1.78 
2.45 

11.73 
35.65 
21.33 
22.44 
26.91 
35.09 

- - - - - - - - -
11.63 23.35 

- - - -
Fire
wood 

Coal * 

-------
0.64 
0.72 
0.64 
0.68 
1.19 
0.71 
1.38 
0.08 
0.09 
0.44 
1.71 
0.71 
0,91 
1.22 
4.37 

8.05 
8.87 
7.07 
o.oo 
o.oo 
7.32 
8.67 
5.68 
o.oo 
6.52 
0.00 
o.oo 
o.oo 
7.82 
o.oo 

- - -- -
Electri
city 

- - - -
24.17 
67.41 
14.02 
10.18 
8.02 

13.03 
7.85 
4.75 
8.68 
4.57 
3.54 

20.28 
9.32 
7.40 

12.41 

- - - - - - - - - - - - -
0.93 7.79 10.53 

------- - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - --
* See note to Table 7.2. 

.... 
0> .... 
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price rise in Agriculture sector of India as a whole is 0.0119 

per cent and that in Andhra Pradesh is 0.0144 per cent. Further 

tables present the consequent price rise in different sectors 

for price rises of Petroleum Products by 261.2 per cent in 1975, 

342.1 per cant in 1977, 443.2 per cent in 1980 and 646.6 per 

cent in 1981 respectively when compared with the 1965 Petroleum 

Price as base price. 

To study the relative position of each region with 

reference to the differdntial impact of price rise in Petroleum 

Products over the time span, we calculate a new relative price 

index, which is a ratio of percentage price increase of a 

region to that of all India. Consider the following for illu

stration. For 1970, when Petroleum prices increased by 2.9 

per cent, uniformly across the country, the all India Agricul

ture price increased by 0.0119 per cent, while the said price 

rise for Andhra Pradesh was 0.0144 per cent. Hence the relative 

in~ex for Andhra Pradesh in Agriculture sector works out as 

(0.0144/0.0199).100. However, in the present situation, when 

we have the same technological structure over the period and 

have only one exogenous sector, the relative price increase 

with all India as 100, turns out to be tha same over the diff

erent time periods. The relevant relative price change indices 

for each of the States for different sectors are evaluated and 

presented in Table 7.7. 

A value of the index, if less than 100, indicates rela

tively lower increase in a sector's price, while the same when 

greater than 100, suggests relatively higher rise in the sector's 



Table 7.7 : Sectoral Price Change Indices at Regional Level (Based on 7 Sector Model) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
State Sector 

-------------------------------------------------------------------------Agri- Manufac-
culture turing 

Div. 2 

Manufac- Transport 
turing 
Div. 3 - - - - - - - - - - - - - - - - - -

Andhra Pradesh 
Assam 
Bihar 
Gujarat 
Kerala 
Madhya Pradesh 
Tamil Na-iu 
Maharashtra 
Karnataka 
Orissa 
Punjab 
Rajasthan 
Uttar Pradesh 
West Bengal 
Delhi 

121 
40 

115 
98 
33 

107 
125 

5t> 
21 
45 

159 
114 

70 
50 
92 

79 
86 
61 

103 
108 

78 
114 

27 
24 
55 

137 
91 
70 

119 
156 

100 
94 
77 
91 
99 
77 

141 
21 

9 
43 

147 
87 

107 
108 
153 

103 
76 
63 
64 

136 
79 

124 
8 

11 
50 

153 
91 
96 

115 
150 

Firewood Coal E1ec trici ty 

- - - - - - - - - - - - - - - -
69 
77 
69 
72 

128 
75 

148 
9 
9 

38 
183 
77 
98 

130 
469 

103 
114 

91 

94 
111 

73 

65 

100 

229 

640 

133 
97 
76 

124 
75 
45 
82 

34 
34 

193 
89 
70 

118 

- - - - - - - - - - - - - - - - - - - - - - - ------------------India 100 100 100 100 100 100 - - - - - - - - - - - - - - - - - --------- - - - - - - - - - - - --
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price. Looking at the Table 7.7, we find that for the Agri

culture sector, Punjab shows th~ highest value of the price 

change index (159), indicating its highest use of Petroleum 

Products in Agriculture. The other States with relatively high 

price rise for Agriculture sector are Andhra Pradesh, Bihar, 

Madhya Pradesh, Tamil Nadu and Rajasthan. Kerala shows the 

lowest price rise (33) for the Agriculture sector. Comparing 

regional price change indices for the Manufacturing Division 2, 

it is observed that Gujarat, Kerala, Tamil Nadu, Punjab, West 

Bengal and Delhi have relatively larger price rise when compared 

with the country as a whole. Maharashtra and Karnataka have 

the lowest value on the said index, indicating their relative 

advantage with respect to the price rise. For the Manufacturing 

Division 3, Tamil Nadu, Punjab, West Bengal and Delhi have 

higher price rise than the average. Karnataka shows the lowest 

value on the relative price change index for the said Manufac

turing Division 3.• The Coal sector does not show any signif

icant variation in its relative price change index across 

regions. Assam, however, has the highest index, though it has 

very small production .share in Coal. The price rise in Petroleum 

Products sector has a differential impact on Electricity Genera

tion sector. The highest impact is observed in Assam (640), 

followed by Andhra Pradesh and Rajasthan. The States of Orissa 

* Since the coverage of the Transport sector is not uniform 
at the regional level, the technologies referred to, do not 
reflect the real price impact of Petroleum price hike. Hence 
the results of the Transport sector are not discussed in the 
present analysis. 
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and Punjab show the lowest price rise in Electricity Generation 

sector in comparison with all India. 

The above results, broadly show that coal-basad States 

viz. Bihar, Madhya Pradesh, Orissa and also Karnataka are lass 

affected by the price hike in Petroleum Products than the other 

States. On the other hand, in case of the following non-coal 

based States of Gujarat, Karala, Tamil Nadu and Delhi, a signi

ficant impact of the said price hike is observed. The differ

ential impact of price hike analysed above is to a large extant 

due to the changes in the product-mix of a given sector across 

regions. 

7.2.2 Differential Price Impacts on 4 Sector Model 

We now discuss the results of the four s~ctor model where 

all energy sectors are made exogenous. As the prices of different 

fuels have not changed uniformly and as the fuel mix is different 

in different regions, the effect of anergy price changes, has 

differential impact on the prices of other sectors, over a period 

of time, for different regions. As a consequence the relative 

position of a State may change over time. The results of the 

percentage price rise in different non-energy sectors, due to 

price hike in all the energy sectors are presented in Tables 7.8 

to 7.12. 

To study the differential impact of anergy price hike on 

different regions over the time period, similar relative price 

change indices, with all India price rise as 100, have bean 

calculated. It is observed that, though the basic input structure 

remains the same, due to differential price increase in the four 
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Table 7.8 : Percentage Price Increase in Economic Sectors Due 
to Price Hike of Energy, 1970 

Petroleum Electri-
Firewood ~ Products city 

Price Vector : 1.539 1.395 1.029 1.229 

(Value in Percentage) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --
State 

- - - - - - - -
Andhra Pradesh 

Assam 

Bihar 

Gujarat 

Kerala 

Madhya Pradesh 

Tamil Nadu 

Maharashtra 

Karnataka 

Orissa 

Punjab 

Rajasthan 

Uttar Pradesh 

West Bengal 

Delhi 

Sector 

----------------------------------------Agri- Manufa
culture cturing 

Div. 2 
- - - - - - - - -

0.36 

o.u 
0.29 

0.40 

0.04 

0.46 

0.28 

0.23 

0.12 

0.21 

0.27 

0.32 

0.24 

0.11 

0.16 

1.36 

0.56 

1.45 

1.97 

1.33 

2.61 

1.28 

0.94 

1.50 

.).81 

1.46 

1.63 

1.19 

1.85 

0.86 

Manufa
cturing 
Div. 3 

Trans
port 

- - - - - - - - - -
2.81 

2.30 

5.04 

1.80 

1.99 

5.10 

1.42 

0.99 

0.97 

3.20 

1.82 

2.83 

.).57 

2.70 

0.81 

2.57 

1.61 

3.32 

2.04 

0.87 

2.84 

1.05 

1.57 

0.82 

1.60 

2.00 

2.23 

2.30 

1.82 

0.50 

- - - - - - - - - -- - - - - - - - - -
India 0.29 1.68 2.65 2.12 

- - - - ---- --- - - - - - - - - - - - - - - -- - - --



Table 7.9 Percentage Price Increase in Economic Sectors Due 
to Price Hike of Energy, 1975 

Firewood 9.2!!, 

Price Vector 2.726 2.381 

Petroleum Electri
Products .::,C:,.it:::,oY~-

. 3.612 1.887 

(Value in Percentage) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
State 

Sector 

----------------------------------------Agri- Manufa
culture cturing 

Div. 2 

Manufa
cturing 
Div. 3 

Trans
port 

- - - - -- - - - - - - - - - - - - - - - - - - - - - - ---
Andhra Pradesh 

Assam 

Bihar 

Gujarat 

Kerala 

Madhya Pradesh 

Tamil Nadu 

Maharashtra 

Karnataka 

Orissa 

Punjab 

Rajasthan 

Uttar Pradesh 

West Bengal 

Delhi 

2.48 

0.78 

2.20 

2.37 

0.47 

2.69 

2.30 

1.38 

0.62 

1.18 

2.58 

2.29 

1.57 

0.90 

1.51 

4.99 

7.22 

10.62 

8.47 

11.73 

8.60 

4.27 

5.92 

14.46 

10.09 

8.99 

6.67 

10.80 

8.74 

- - - - - - - - - - - - - - - - - - -
India 2.02 9.45 

14.16 

11.50 

20.82 

10.45 

11.42 

20.91 

11.33 

4.40 

3.62 

13.12 

13.00 

13.75 

16.77 

14.18 

9.70 

18.09 

12.32 

17.16 

12.98 

15.34 

16.91 

14.85 

6.11 

3.77 

10.14 

20.84 

16.07 

16.64 

16.78 

15.)8 

- -- - - -- - - - - -
13.65 

--- - - - - - - --- -- - - - - - - - - --- - - ----
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Table 7.10 : Percentage Price Increase in Economic Sectors Due 
to Price Hike of Energy, 1977 

Firewood 

Price Vector : 3.065 2.756 

Petroleum E1ectri
Prod uct s .:::.c~i t.::;Yt,-._ 

2.205 

(Value in Percentage) - -- - - - ---- -- - --- -- - - - - - -- - - - - -Sector 
State --------------------------------------Agri- Manufa- Manufa- Trans-

culture cturing cturing port 
Div. 2 Div. 3 

- -- --- ---- ------ -- - - - --- - -- - --
Andhra Pradesh 3.22 9.63 18.39 23.43 

Assam 1.01 6.45 14.64 15.92 

Bihar 2.86 9.34 26.76 22.19 

Gujarat 3.05 13.72 13.56 16.80 

Kerala 0.61 10.86 14.80 20.01 

Madhya Pradesh 3.47 14.99 26.70 21.85 

Tamil Nadu 3.04 11.34 14.79 19.36 

Maharashtra 1.78 5.52 5.69 7.81 

Kama taka o.8o 7.44 4.48 4.81 

Orissa 1.52 17.82 16.89 13.13 

Punjab 3.36 13.03 16.84 27.06 

Rajasthan 2.97 11.62 17.76 20.80 

Uttar Pradesh 2.03 8.59 21.17 21.47 

West Bengal 1.17 14.02 18.29 21.85 

Delhi 2.00 11.45 12.67 20.12 

-- - -- -- -------- - - - - ------ - ---
India 2.62 12.23 17.65 21.22 

-- - ---- - - --- - - - - - - - - --- -- - --- --
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Table z.u • Percentage Price Increase in Economic Sactors Due • 
to Price Hike of Energy, 1980 

Petroleum &lectri-
Firawood fill. Products city 

Price Vector • 3.963 4.679 5.432 2.874 • 

(Value in Percentage) ------------------------------
Sector 

State --------------------------------------Agri- Manufa- Manufa- Trans-
culture cturing cturing port 

Div. 2 Div. 3 
- - - - - -- - - - - - ------ -- - - -------
Andhra Pradesh 5.18 15.65 31.77 38.60 

Assam 1.58 9.71 22.38 25.53 

Bihar 4.53 16.22 51.05 39.22 

Gujarat 4.78 22.47 22.23 28.09 

Kerala 0.86 15.80 22.02 27.76 

Madhya l:'radesh 5.84 25.38 48.98 37.07 

Tamil Nadu 4.42 16.73 22.14 27.91 

Maharashtra 2.96 9.47 10.01 15.48 

Karnataka 1.27 11.79 7.11 8.54 

Orissa 2.50 27.41 31.96 21.79 

Punjab 5.04 20.31 26.18 41.13 

Rajasthan 4.77 19.54 30.66 34.00 

Uttar Pradesh 3.15 13.47 31.89 33.78 

West Bengal 1.81 22.12 30.94 33.46 

Delhi 2.80 16.58 17.79 26.85 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
India 4.13 19.60 29.89 33.95 

------ - - - - - - - - - - - - - - - - - - - - - -- --
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Table 7.12 : Percentage Price Increase in Economic Sectors Due 
to Price Hike of Energy, 1981 

Petroleum Electri-
Firewood Products city 

Price Vector : 4.799 5.857 

(Value in Percentage) - - - - - - - - - - - - - - - - - - - - - - - -- -- - - --
State 

Sector 

---------------------------------------Agri- Manufa
culture cturing 

Div. 2 

Manufa
cturing 
Div. 3 

Trans
port 

- -- - - -- - - -- - - - - - - - - - - - - - - - - - - --
Andhra Pradesh 

Assam 

Bihar 

Gujarat 

Kerala 

Madhya Pradesh 

Tamil Natiu 

Maharashtra 

Karnataka 

Orissa 

Punjab 

Rajasthan 

Uttar Pradesh 

West Bengal 

Delhi 

7.08 

2.17 

6.23 

6.48 

1.21 

7.92 

6.01 

4.01 

1.70 

3.38 

7 .oo 
6.54 

4.27 

2.50 

3.82 

21.10 

13.50 

21.70 

30.15 

21.44 

33.69 

22.58 

12.52 

15.41 

35.95 

27.80 

26.35 

18.11 

29.72 

22.97 

42.42 

29.85 

67.74 

29.97 

29.38 

64.87 

30.33 

13.25 

9.30 

42.28 

35.83 

40.89 

42.)8 

41.56 

24.90 

53.02 

35.27 

52.76 

38.32 

39.52 

50.39 

39.47 

20.54 

11.45 

29.67 

57.60 

46.77 

46.48 

46.45 

38.69 

- - - --------- - - - - - - - - - - - - - - - - - --
India 26.33 48.82 

- - - - --- - - - - - - - - - - - - - - - - - - - - - - --
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energy sectors, any given region shows different relative posi

tions over the time period, when compared with all India. The 

sectorwise relative indices for each region for the five time 

points are presented in Table 7.13, and the results based on 

them are discussed below. 

The results show that those States having Coal as the 

major source of energy viz. Bihar, Madhya Pradesh and Orissa, 

scored a relative advantage in their sectoral price increases, 

when Petroleum prices alone increased, during the period 1975 

to 1977, as seen by the decline in their price change indices. 

After 1977, they showed again an upward trend, because of the 

price rise in Coal also. In Agriculture and Mining sector the 

price change indices at regional level change significantly 

from 1970 to 1975 and thereafter remain more or less the same. 

The major fuel used in this sector is Petroleum and to a lesser 

extent Electricity. Use of other fuels is negligible. Because 

of the massive hike of Petroleum prices in 1973, Tamil Nadu and 

Punjab, whose Agriculture price rise from 1965 to 1970 is less 

than All India price rise, show in 1975 a greater than all India 

price rise. The other States which show an increase in the rela

tive price change index from 1970 to 1975 are Bihar, Kerala, 

West Bengal and Delhi, while Gujarat, Madhya Pradesh, Maharashtra, 

Karnataka and Orissa show a substantial decline. This must be 

because of larger Petroleum input relative to all India in the 

former group of States, while the Petroleum input in Agriculture 

is lower compared to all India in the latter group of States. The 

index for other States remain more or less the same. 
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Table z.l3: Sectoral Price Change Indices at Regional Level (Based on 4 sector Model) 

----------------------------------------------------------------------------
Agriculture and Mining Manufacturing Division 2 Manufacturing Division) Transport 

State ----------------------------1970 1975 1977 1980 1981 ----------------------------1970 1975 1977 1980 1981 ----------------------------1970 1975 1977 1980 1981 -----------------------------1970 1975 1977 1980 1981 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --
1. Andhra Pradesh 

2. Assam 

). Bihar 

4. Gujarat 

5. Kerala 

6. Madhya Pradesh 

7. Tamil Nadu 

8. Maharashtra 

9. Karnataka 

10. Orissa 

11. Punjab 

12. Rajasthan 

1). Uttar Pradesh 

14. West Bengal 

15. Delhi 

124 

38 

100 

138 

14 

159 

97 

79 

41 

72 

93 

110 

83 

38 

55 

123 

39 

109 

117 

23 

133 

114 

68 

31 

58 

128 

113 

78 

45 

75 

12) 

39 

109 

116 

23 

132 

116 

68 

31 

58 

128 

113 

77 

45 

76 

125 

38 

110 

116 

21 

141 

107 

72 

31 

61 

122 

116 

76 

44 

68 

126 

38 
110 

115 

21 

140 

107 

71 

30 

60 

124 

116 

76 

44 

68 

81 

33 

86 

117 

so 
156 

77 

56 

90 

228 

87 

97 

71 

111 

51 

- - - - - - - -- - - - - - - - - - - - - - - - - - - -- -

79 

5) 

76 

112 

90 

124 

91 

45 

63 

153 

107 

95 

71 

114 

92 

79 

53 

76 

112 

89 

123 

93 

45 

61 

146 

107 

95 

70 

115 

94 

80 

50 

83 

115 

8l 
130 

85 

48 

60 

140 

104 

100 

69 

113 

85 

80 

51 

82 

115 

81 

128 

86 

48 

59 

137 

106 

100 

69 

113 

87 

106 

87 

190 

68 

75 

193 

54 

37 

37 

121 

69 

107 

135 

102 

31 

104 

84 

153 

77 

84 

153 

83 

32 

27 

96 

95 

101 

123 

104 

71 

104 106 

83 75 

152 171 

77 74 

84 74 

151 164 

84 74 

32 33 

25 24 

96 107 

95 88 

101 103 

120 107 

104 104 

72 60 

106 

75" 

169 

75 

73 

162 

76 

33 

23 

106 

90 

102 

106 

104 

62 

121 111 

76 75 

157 105 

96 79 

41 94 

134 103 

50 91 

74 37 

39 23 

75 62 

94 127 

105 98 

108 102 

86 103 

24 94 

110 

75 

105 

79 

94 

103 

91 

37 

23 

62 

128 

98 

101 

103 

95 

114 

75 

116 

83 

82 

109 

82 

46 

25 

64 

121 

100 

100 

99 

79 

- - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

109 

72 

108 

79 

81 

103 

81 

42 

23 

61 

118 

96 

95 

95 

79 

India 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 loo-100 100 100 100 

-------------- - - - - - - - - - - - - - - - - - - - - - - - - -- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - -
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Madhya Pradesh, Karnataka, Orissa and Maharashtra are 

the four States which seem to have improved their relative 

positions with respect to India in all the manufacturing sectors 

as sean from the declining movement of the price change indices 

over the time. Bihar and Uttar Pradesh are also found to have 

improved their position significantly in the Manufacturing 

Division 3 and marginally in Division 2. Assam, Gujarat and 

liajasthan showed the improvement in their relative position in 

some sectors and deterioration in the remaining ones. On the 

other hand, Tamil Nadu, Punjab, West Bengal and Delhi are the 

four States whose relative position is seen to have deteriorated 

in the entire Manufacturing Division. The sectors in Andhra 

Pradesh and Kerala do not show any change in their relative 

positions due to price hike in the energy sectors. 

7.3 Results of the Impact Analysis 

Comparing the sectoral price change indices between the 

two models discussed above, the following observations may be 

made. While the price change indices of the same order in 

magnitude on both the models indicate that Petroleum Products 

are a major source of energy in a given region, the differential 

magnitude of the said indices indicate otherwise. The Agricul

ture sector shows that the price change indices are nearly the 

same in both the models as Petroleum Products are the major 

source of energy used in Agriculture. When the Petrolij~ sector 

alone is exogenous the price rise in the Manufacturing Division 

is larger than that when all energy sectors are exogenous, for 

the following regions: Assam, Kerala, Tamil Nadu, Punjab and 
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Delhi. The opposite situation is observed in the case of Bihar, 

Madhya Pra~esh, Maharashtra, Karnataka and Orissa. Thus the 

price hike in energy, naturally affects the prices of various 

sectors differently depending upon its fuel use and the composi

tion of fuel use. What is more significant is, because of 

differences in fuel mix amongst regions and differential variation 

in prices of different fuels, the price of a given sector's 

output varies differently across regions. The large hike in 

Petroleum prices has improved the comparative position of the 

Coal-based States like Orissa, Bihar and Madhya Pradesh and 

these States also happen to be less developed. Whether this 

favourable aspect has actually been taken advantage of is a 

different matter. The subsequent increases in Coal and other 

fuel prices have to an extent diminished the advantage gained 

initially as a result of Petroleum price hike. While pricing 

of Coal has to depend mainly on the costs of extraction of it, 

its impact on the industrial development of Coal producing 

States, which also happen to have a relatively larger consump

tion of it, should also be one of the important considerations 

in its pricing policy. 
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APPENDIX 7.1 

As mentioned in the introduction of the Chapter 5, the 

consequence of energy price rise can be that the rate of growth 

of industries, with high energy intensity, is reduced, thus 

effecting a change in the output composition of the industrial 

sector. As the energy price rise is not the only reason for 

the change in the sectoral output levels, a direct comparison 

between the output compositions at different time periods is 

not of much relevance. Hence to examine the effect of energy 

price hike on the structure of the economy in terms of output 

composition, energy intensities of certain activities are 

studied over the period below. 

The analysis is based on the four input-output tables 

viz. 1968-69,4 1973-74, 5 1979-806 and 1983-84; 7 out of which 

the last table is a projected transaction matrix based on the 

1979-80.Table. The original input-output tables are aggre

gated to seven sectors; of which four sectors relate to the 

major economic activities viz. Primary sector, Manufacturing 

4 "Inter-industry transactions, 1968-69," National Accounts 
Statistics, 1970-71--1975-76, January 1978, Central Statistical 
Organization, Government of India, New Delhi, p. 123. 

5 'National Accounts Statistics, 1970-71 tp 1978-79,' 
Central Statistical Organization (c.s.o.), Government of India, 
1981, p. 103. 

6 'A Technical Note on the Sixth Plan of India (1980-85),' 
Planning Commission, Government of India, 1981. 

7 Ibid. 
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Division 2, Manufacturing Division 3 and Others, and the remain

ing three sectors relate to the energy sector viz. Coal, 

Electricity and Petroleum Products. Since the transaction 

matrices are available in the monetary units, the energy inten

sities, obtained, will be in value terms, which do not reflect 

the "real" comparison between the energy intensities over the 

period, because of the price element involved. To overcome this 

difficulty, the sectoral energy intensities, expressed in value 

terms are converted to physical energy intensities expressed in 

TCR units as follows: 

Energy consumption of a fuel in TCR units 

(Energy consumption in 
money terms at given 

rices x 100 . ~~~~~~~~--~~ Price index of a fuel 
with 1970-71 • 100) 

• 

(TCR equivalent per 
unit of a fuel 
Price of a fuel per 
unit of it in 1970) 

While the prices and price indices for Coal and Electricity are 

directly available, a weighted price and price index are worked 

out for Petroleum Products.8 The price indices are also 

evaluated with 1970-71 • 100 as the base.9 The output figures 

are deflated with these price indices and the energy intensities 

are estimated in TCR units per thousand rupees of output at 

1970-71 prices for each activity. These intensities, together 

with fuelwise consumption share at the sectoral level are 

8 Chandhok, H.L., 'Wholesale Price Statistics - India 
1947-78,' Vol. I, Economic and Scientific Research Foundation, 
New Delhi, India, 1978. 

9 'Wholesale Price Index Number,' Ministry of Commerce and 
Industry, Office of the Economic Advisers, Government of India, 
New Delhi. 
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presented in Tabla A7.1. Based on the above, the following 

obs~rvations may be ma~a. 

Tabla A7.1 : Sectoral Energy Intensities and Fualwisa Consump
tion Shares 

---- -
Year 

-- - - - - - -- - - -------Energy 
Intensity 
TCR/000 Rs. 

Coal Petroleum 
Products 

% share % share 

-- -- -8lectri
city 
%share -- - - - - ----- - - - - -- ----- - --- -

1968-69 
1973-74 
1979-80 
1983-84* 

1968-69 
1973-74 
1979-80 
1983-84• 

1968-69 
1973-74 
1979-80 
1983-84* 

- - -- -

0.052238 
0.153707 
0.157598 
0.371514 

Agriculture arid Mining 

4.4 
0.4 
2.3 
1.5 

68.4 
74.1 
87.5 
87.8 

lo1anufacturi ng Division 2 

0.264324 
0.257398 
0.418378 
0.456789 

31.3 
26.4 
15.3 
15.0 

22.7 
31.2 
50.7 
51.9 

Manufacturing Division J 

0.853419 
0.660104 
0.650718 
0.669790 

61.4 
43.1 
44.2 
42.9 

19.5 
29.5 
33.1 
32.3 

27.3 
25.5 
10.2 
10.7 

46.0 
42.4 
34.0 
33.1 

19.1 
27.4 
22.8 
24.8 

- -- - - --- - -- - -- - ---- - - -- -
Note : * The intensities are based on the projected transaction 

tables. 

The primary sector indicates that the energy intensity 

is increasing considerably ovar the period 1968-69 to 1979-80. 

The projected value also indicates a high rate of growth in its 

energy intensity. The expansion of mining activity and the 

technological progress in the Agriculture sector are the possible 
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reasons for such increase in the energy intensity of the 

primary sector. The consumption share of each fuel over the 

period, indicates a clear trend that Electricity is being substi• 

tuted by Petroleum Products. The Manufacturing Division 2, 

shows a steady growth in its energy intensity, indicating no 

significant change in the structure of the said sector. The 

consumption shares of both Coal and Electricity are declining 

an~ that of Petroleum Products is increasing. 

The results obtained in case of Manufacturing Division J, 

which contains the maximum share of HFU industries, are differ

ent from the ones, noted above. The energy intensity for this 

division seems to have declined from 1968-69 to 1979-80, which 

seems to substantiate the widespread belief that the rate o£ 

growth of HFU industries has gone down due to energy crisis. 

The composition of energy consumption also does not show any 

sharp increase in the consumption of Petroleum Products as in 

the case of the other two sectors. while Coal shows a marginal 

decline, Electricity shows a marginal increase in its consump

tion share. 

One also feels from the above Table ~.1, that the 

technological substitutions between fuels have not taken place 

in the desired direction in the economy as a whole. Secondly, 

the relative output levels have altered only in case of HFU 

industries in the economy. 



1 A 2 · negional (Energy Specific) Input-Output Coefficient Matrices Tab .:t 7 • • 

---------- ------- - - -
Sector Sector 1 

------ -------------

1. Agriculture and ather primary sectors 
2. Manufacturing Div. 4 
3· Manufacturing Di v. 3 
4. Others>~< 

5. Firewood 
6. Coal 
1. Petroleum Pro;lucts 
8. Electricity 

1. Agriculture and other primary sectors 
2. Hanufacturing Div. 2 
3. Manufacturing Div. 3 
4. Others* 
5. Firewood 

. 6. Coal 
7. Petroleum Prorlucts 
S. Electricity 

1. Agriculture and other primary sectors 
2. l<lanufacturing Di v. 2 
3. Manufacturing Div. 3 
4. Others* 
5. Firewood 
6. Coal 
7. Petroleum Prorlucts 
S. Electricity 

0.113330 
0.009976 
0.016276 
0.082612 
0.0003130 

0.000906 
0.001146 

0.084066 
0.006772 
0.009638 
0.0399:j.O 
0.000007 

0.000098 
0.000564 

0.142531 
0.005034 
0.003132 
0.05134130 
0.000223 

0.002629 
0.000641 

- -
2 

0.420456 
0.116700 
0.015576 
0.176525 
0.005289 
0.003355 
0.001024 
0.005775 

o. 5130340. 
0.055000 
0.0051300 
0.1221513 

- - - -
3 4 

State : Andhra Pra~esh ' 

0.073252 
0.050691 
0.1131913 
0.284797 
0.001026 
0.022664 
0.002146 
0.022603 

0.015745 
0.132304 
0.210S08 

0.037941 
0.026085 
0.002b26 

State : Assam 

0.011644 
0.010700 
0.253983 
0.21395913 

0.017647 
0.100646 
0.173883 

0.001712 0.015447 
0.0029413 
0.007300 
0.000942 

0.362719 
0.1213300 
0.023940 
0.18342S 
0.0013813 
0.005393 
0.001360 
0.005772 

0.001416 
0.002914 
0.014906 

0.02b214 
0.020350 

State : Bihar " 

0.0213279 
0.008091 
0.172121 
0.)19609 
0.001056 
0.069260 
0.002932 
0.012660 

0.026128 
0.1531340 
0.1$9')131.. 

0.038833 
0.015266 
0.013033 

------ - - - - - - - - - - - - - - - - -------------- - - - - - - -
* This sector contains the transport sector. 
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-------
5 6 7 8 ------------------------

0.000105 
0.003057 
0.001525 
0.025156 
0.001652 

0.000101 
0.002850 
0.001400 
0.038238 
0.000715 

0.000239 
0.001271 
0.001265 
0.0-+.27~~ 

0.001012 

0.052415 
0.064449 
0.022291 

0.008247 
0.022675 

0.050837 
0.056500 
0.023272 

0.008247 
0.029121 

0.0521325 
0.060854 
0.022242 

0.008247 
0.0257130 

-- ----------

0.621831 

0.057438 

0.000526 
0.003267 

0.621840 

0.079470 

0.000526 
0.004196 

0.621924 

0.022442 

0.000526 
0.003714 

0.256774 

0.110417 
0.022998 
0.093689 

0.423593 

0.090226 
0.023296 

0.000321 
0.000094 

0.238623 

0.050169 
0.007689 
0. 371145 

- - -
(continued) 



Tabla Az-2 : (continuer!) 

------
:>ector Sector 

------

1. Agriculture and other primary sectors 

2. Manufacturing Div. 2 

J. Nanufacturing Div. 3 

4. Others* 
5. Firewood 
6. Coal 
7. Petroleum Products 

S. Electricity 

1. Agriculture and other primary sectors 

2. ~1anufacturing Div. 2 

3. Manufacturing Div. 3 
4. Others* 
5. Firewood 

6. Coal 

7. Petroleum Products 

8. Electricity 

1. Agriculture and other primary sectors 
2. l·1anufacturing Di v. 2 

3. ~1anufacturing Div. 3 
4. Others* 

5. Firewood 
6. Coal 

7. Petroleum Products 
8. Electricity 

---------- -- - - - -- - ----

1 

0.1620S5 
0.022679 
0.010649 
0.073049 
0.001700 

0.001132 
O.C01090 

0.039265 
0.002S45 
0.003070 
0.020S50 
0.000002 

0.000191 
0.000262 

0.252661 
0.012S36 
0.007933 
o.o91S26 
0.000006 

0.000416 
0.000309 

------

2 

0.119554 
0.257600 
0.07S602 
0.274230 
0.004349 
0.005S97 
0.00279S 
0.010470 

0 .2S6710 
0.161300 
0.022S5S 
0.211678 

3 

0.026320 
0.104233 
0.189334 
0.271905 
0.001712 
0.008171 
0.00515S 
0.01127S 

0.066152 
0.080143 
0.172674 
0.233S02 

0.010167 0.009407 
0.002S23 0.004433 
0.001942 0.001539 
0.009122 0.02S298 

0.265961 
0.216400 
0.070087 
o.1S6161 
0.009108 
0.0077)1 
0.001213 
0.010239 

------

0.044119 
0.053464 
0.104415 
0.260245 
0.012064 
0.066696 
0.003148 
O.Olo517 

---- -

- - - - - - - - - - - - - - - - - - -
4 5 6 -------- ------

State : Gu.jarat 

0.023144 
0.173555 
0.231729 

0.027191 
0.014573 
0.003936 

0.000033 
0.002206 
0.000498 
0.043417 
0.001940 

State : Kerala v 

0.024S44 
0.126116 
0.217339 

0.007300 
0.03570S 
0.000252 

0.002829 
0.000087 
0.010940 
0.033430 
0.001163 

State: l·!adhya Prarlesh 
,, ... 

0.01510S 
0.116599 
0.205915 

0.035345 
0.02021S 
0.007341 

0.000535 
0.001111 
0.001S25 
0.036977 
0.0004SS 

--- - - --- - -- -- - -

0.047175 
0.067683 
0.023103 

0.008247 
0.023518 

- - -

7 8 ----------

O.b21945 

0.080335 

0.000526 
0.003232 

0.000167 
0.000004 

0.270961 
0.000025 
0.145042 
0.008319 
0.071659 

0.190413 
0.000036 

0.000553 
0.203046 

0.001334 

0.269638 

O.l50S50 
0.010102 
0.03)895 

-------
(continued) 
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~able Az-2 : (continued) 

------- - - - - - - - - - - - - - - - - - - - - - - -
Sector Sector 1 2 3 

- - - - - - - - - - - -- - - - - - - - - - - - - - - - - - -- - - - -

1. Agriculture and other primary sectors 0.141!!93 O.l7064S 0.031513 
2. l>lanufacturing Div. 2 0.016529 0.277400 0.043357 
3. Manufacturing Div. 3 0.016':'::.5 0.02503!3 0.2434!!3 
4, Others* 0.052!394 0 .20314!3 0.294051 
5. Firewood 0.000051 0.004191 o.00235S 
6. Coal 0.000861 0.005601 
7. Petroleum Products 0.001255 0.001262 0.004!!53 
8, Electricity 0.005835 0.015952 0.014763 

1. Agriculture and other primary sectors 0.202934 0.136540 0.01!!651 
2. ~ianufacturing Di v. 2 0.011077 O.lSSlOO 0.051675 
3. 1-1anufacturing Div. 3 0.012404 0.049884 0.25953!! 
4. Others* 0.078662 0.247102 0.2!!1403 
5. Firewood 0.000225 0.001771 0.001260 
6. Coal 0.0002S9 0.000583 
7. Petroleum Products 0.001529 0.001916 0.001664 
s. Electricity o.oooSS5 0.00789!3 0.006346 

1. Agriculture and other primary sectors 0.137330 0.214296 0.035014 
2. Manufacturing Div. 2 0.00!3105 0.200900 0.027819 
3. Manufacturing Div. 3 0.012184 0.0346S3 0.189344 
4. Others* 0.059470 0.210234 0.254608 
5. Firewood o.ooooss 0.011559 0.008778 

. 6. Coal 0.003945 0.000725 
7. Petroleum Products 0.000457 0.001617 0.000219 
8. Electricity 0.000933 0.008066 0.001336 

201 

- - - - - - - - - - - - - - - - - - - - - - -
4 5 6 7 8 

-------------------------------
State : Tamil Nadu 

v 

0,U04509 
0.02476S 0.0051!!3 
0.143625 0.001!330 
0.230447 0.044142 

0.002139 
0.011996 
0.030204 
0.000454 

State : Maharashtrav 

0.000493 
0.019139 0.001426 
0.161950 0.0004!!5 
0.215506 0.043392 

0.000697 
0.026598 
0.001255 

State Karnataka v 

0.001581 
0.015622 0.003756 
0.162571 0,008791 
0.215813 0.030435 

0.000188 
0.011030 
0.002645 
0.000685 

0.043096 
0.070!326 
0,022491 

O,OOS247 
0.070826 

0.040905 
0.072977 
0.023323 

O.OOS247 
0.0250!!2 

0.372552 

0.332549 

0.000251 
0.009349 

0.156612 

0.07S82S 
0.001983 
0.172095 

0,000524 

0.218689 
0.000003 
0.046253 
0.004Sl2 
0.206891 

0.000007 

0.205885 

0.008320 
0.322168 

----------------------------------------------------- ---- - - - - - - - - - - - - - - - -
(continued) 



Table Az-2: (continued) 

------- -------
:>ector Sector 

------

1. Agriculture and other primary sectors 
2. Nanufacturing Di v. 2 

3. Manufacturing Div. 3 
4. Others* 
5. Firewood 
6. Coal 
7. Petroleum Products 
8. Electricity 

1. Agriculture and other primary sectors 
2. Manufacturing Div. 2 

3. f.lanufacturing Div. 3 
4. Others* 
5. Firewood 
6. Coal 
7. Petroleum Pro~ucts 
S. Electricity 

1. Agriculture and other primary sectors 
2, liianufacturing Div. 2 
3. ~~nufacturing Div. 3 
4. Others"' 
5. Firewood 
6, Coal 

7. Petroleum Pro~uc ts 
8. Electricity 

------ ----------------

1 

0.150065 
0.008351 
0.006320 
0.072091 
0.000146 

0.000132 
0.000110 

0.173055 
0.012205 
0.012181 
0.069098 
0.000066 

0.001012 

0.001540 

0.0245290 
0.009921 
0.007267 
0.080565 
0.000200 

0.000596 
0,000654 

- - -
2 

0.230026 
0.100600 
0.039908 
0.287846 
0.047882 
0.003992 
0.001192 
0.001854 

0.323445 
0.165100 
0.035387 
0.233453 
0.004576 
0.005379 
0.000713 
O.OObl47 

0.255335 
0.260700 
0.020487 
0.197404 
0.001909 
0.008956 

0.001613 
0.006996 

- - -
3 4 5 

- - - - - - - - - -

0.054925 
0.009275 
0.099346 
0.250660 
0.000286 
0.052089 
0.001681 
0.015692 

o.o2639u 
0.025822 
0.289382 
0.305867 
0.003697 
0,005025 
0.001127 

0.010246 

0.030540 
0.040373 
0.211358 
0.268335 
0.004180 
0.023082 
0.002228 
0.018142 

State : Orissa " 

0,018644 

0.093310 
0.129490 

0.0207b4 
0.014649 
0.007179 

0.000661 
0.003194 
0.002662 
0.035273 
0.000039 

State : Pun.jab ..,. 

0.0.33388 
O.l583oO 
0.262479 

0.026084 

0.035817 
0.000209 

0 . )"'"" ,. 
• ·~'-..._I '-r\J 

0,002648 
0,001361 
0.045888 
0.003092 

State : Rajasthan v 

0.022592 
0.129990 
0.212154 

0.031291 

0.023583 
0.002124 

0.003090 
0,001715 
0.003761 
0.030290 
0.001966 

- - - - -
6 

0.047257 
0.071760 
0.023766 

0.008247 
0,020734 

- - - - - - -- - - - --- - -- - --- - - - - - - - - - - - - - - - - - -

7 
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-------
8 

-------

0.264831 

0.001030 
0.175166 

0.000015 

0.07921.3 

0.000014 
0.199599 

0.000041 

0.245241 
0.00005.3 
0.065882 
0.021600 
0.053453 

------------
(continued) 



Table Az-2 : (continued) 

-------
Sector Sector 

------ -------

1. Agriculture and other primary sectors 

2. i'lanufacturing Div. 2 

), 1•1anufacturing Div. 3 

4. Others* 

5. Firewood 

6, Coal 

7. Petroleum Products 

a. Electricity 

1. Agriculture and other primary sectors 

2. !l;.anufacturing !Jiv. 2 

3. :.fanufacturing Div. 3 

4. Others* 

5. Firewood 

6. Coal 

7. Petroleum Products 

a. Electricity 

1 

0.163940 

0.013288 

0.000773 

0.053267 

0.000005 

- - -

0.000286 

0,001649 

0.085547 

0.009139 

0.007246 

0.034356 

0.000017 

0.000154 

0.000050 

2 

0.347163 

0.157700 

0.029255 

0.171466 

0.002958 

0.002279 

0.000945 

0.007434 

0.110577 

0.365100 

0.032676 

0.192026 

0 .oo 3835 

0.00508:! 

0. u01924 

0.01.3574 

20J 

- - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -3 4 5 
- - - - - - - - - - - -

State : Uttar Pradesh /. 

o.02c773 0.00104.3 

0,026645 0.027121 0.001878 

0.259549 0.152056 0,002372 

0.292493 0.234!'!47 0.0.38703 

0.028028 0,000637 

0.001319 0.02661.3 

0.003477 0.023309 

0.015775 0.002725 

State West Bengal v 

0.027431 0.000368 

0.029674 0.014634 0.001025 

0.257288 0.122850 0.0\}1673 

0,264781 0.191.366 0.043917 

0.004349 0.00137.3 

0.024193 0.021058 

0.002379 o.o:;o6oo 

0.011570 0.008511 

6 7 8 
- - - - - - - - - - - - - - - -

0.049547 

0.06067.3 

0.024168 

0.008247 

0.027601 

0.000374 

0.000002 

0.30.3500 

0.000014 

0.072262 

0.0026.39 

0.086256 

0.002924 

0.000137 

0.153470 

0.143724 

0.001158 

0.188205 

---------------------------------------------- ------------- - - - - - - - - - -
(continued) 



Table A
7

.2 ; (continued) 

------
;)e:tor Sector 

----------

1. Agriculture and other primary sectors 

2. :.ianufacturing Div. 2 

). Nanufacturing Div • .3 

4. Others* 

5. Firewood 

6. Coal 

z. Petroleum Pro~ucts 

8. Electricity 

1. Agriculture and other primary 

2. I-ianufacturing Div. 2 

J. i>!anufacturing Di v. 3 

4. Others* 

5. Firewood 

6. Coal 

z. Petroleum Products 

a. Electricity 

sectors 

- - - - - - - - - - - - - - - - -

1 3 ---------------

0.075576 

0.00796b 

0.004265 

0.024260 

0.000015 

0.00176.3 

0.005020 

0.145557 

0.010752 

0.011449 

0.070025 

0.000266 

0.000590 

0.001365 

------

0.129636 

0.345300 

0.051650 

0.227689 

0.000480 

0.004184 

0.000450 

O.OOS411 

0.209961 

0.226900 

0.041475 

0.207903 

0.004340 

0.004399 

0.001925 

0.011897 

------

0.025801 

0.0)1810 

0.268255 

0.309682 

0.002095 

0.002903 

0.002297 

0.007435 

0.031169 

0.037532 

0. 2.34122 

0.267052 

0.00)804 

0.020482 

0.002939 

0.0159811 

- - - - -

-
-

- - - - - - - - - - -
4 5 

- - - - - - - - - - - -
'/ State : Delhi 

0.022532 0.005573 

0.228549 0.005625 

0.308281 0.118751 

0.005469 

0.001369 

0.030756 

All India v 

0.000745 

0.021702 0.002051 

0.1422 58 O.JU2581 

0.215221 0.037563 

o .oorn88 

0.027554 

0.025069 

0.003813 

- - - - - - - - -- - - - -

- - - -
6 

- - - - - - -

~ .:451.36 
. 
0.067336 

0(~20750 

0.008)05 

0.028474 

--------
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-------
7 8 

- - - -

0.461020 

0.241954 

0.000349 

0.008304 

- - -- - -

0.000734 

0.000002 

0.2056!35 

0.00071.3 

0.075706 

0.005268 

0.14.3499 

0.000847 

0.000005 

0.000024 

0.189572 

0.000031 

0.081749 

0.005401 

0.187473 



CHAPTC:R 8 

SU!-lMARY AND CONCLUSIONS 

The awarene8s of the exhaustibility of natural resources 

that gained ground during the 8ixties le~ to serious efforts 

for conservation of these resources as far as possible. In the 

case of Energy, the awareness was translated firstly by attempt

ing to save it by more efficient utilization and secondly by 

finding new non-conventional energy resources. The latter 

attempt is still in its infant stage and so far very little has 

been achieved in rendering any non-conventional energy source 

as a new commercial source of energy. But serious efforts are 

being made towards the energy saving aspect by technological 

renovations and improvements. As India is a vary vast country 

and different supply and demand situations across the region 

in the case of energy exist, this study has focussed the atten

tion on the regional dimension viz. the regional variability 

in the consumption. The present study has been taken up to 

understand the regional variability in fuel consumption and to 

explore the scope for energy saving. 

8.1 Data Base of the Study 

The study is based on the information on the large scale 

manufacturing industries in India for 1970. The data have been 

compiled from the reports of the Annual Survey of Industries. 

The detailed data for eleven fuels for each of the industries 

205 
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classified according to the highest level of disaggregation 

(i.e. coded in 7 digits) and for each region are available 

from these reports. There are 24 regions (i.e. States includ

ing Union Territories) for the year under study. The study 

has been carried out in value terms as also in energy units. 

The particular energy unit, chosen for the present study, is 

Tonne Coal Replacement (TCR). 

8.2 Regional Fuel Consumption and 
Inter-F'uel Substitutability 

It has been shown that the variation in fuel consumption 

of the industrial sector between regions depends,among others, 

on the factors like development level of a region, availability 

of fuels and the industry-mix. Presenting a broad picture of 

fuel consumption regionwise, the regional variation in fuel 

consumption has been confirmed by statistical tests. It is 

found that this variation arises mainly because of the differ

ential pattern of availability and requirement. The impact of 

these factors on the regional consumption variation has been 

studied with the help of the six economic variables viz. produc

tion of fuels, prices of fuels, relative prices of different 

fuels, level of industrialization at the regional level, 

industry-mix of a region, and level of mechanization of a 

region; by using the multiple regression technique. It has 

been observed that the absolute fuel consumption depends on its 

production and price. The fuel consumption further has been 

found to depend on the share of industrial output. The share 

of heavy fuel using industries and level of mechanization have 
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been found to be statistically insignificant, which as argued, 

can be due to a statistical lacuna of comparing absolute 

figures with the relative one. The relation between relative 

consumption of fuels and their relative prices, which under 

certain assumptions has provided the estimates of elasticity 

of substitution between fuels. At the aggregate industrial 

level, the elasticity of substitution between a single fuel 

against all other fuels has shown that Coal has the highest 

elasticity of substitution (2.99) which is followed by Electri

city (1.70) and Other Fuel Oils (1.15). For the same, the 

inter-fuel elasticity of substitution has indicated that the 

elasticity of substitution between Other Fuel Oils and Coal is 

the highest ().68), followed by that between Electricity and 

Other Fuel Oils (2.07) and the least value of elasticity of 

substitution (1.48) is observed between Coal and Electricity. 

However, the variation in the industry-mix across regions has 

been a limitation in respect of these results. The results 

carried out at the individual industry level have indicated a 

similar trend, which also suffers from the limitation of product

mix. Hence, while the exact magnitudes of these elasticities 

cannot be accepted at their face value, the trends in these 

elasticities, it is hoped, will remain unaffected. Even so it 

has been broadly concluded that the highest substitutability 

exists between Other Fuel Oils and Coal. A moderate inter-fuel 

substitution has also been observed between Electricity and 

Other Fuel Oils. The substitution between Coal and Electricity 

has bean found to be the lowest. 
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S.J Regional Energy Efficiency on Physical Basis 

For understanding the energy efficiency of a region, a 

model, which isolates the main factors influencing it viz. the 

energy intensity of a region and its structure or the level of 

industrialization, has bean applied. The results regarding 

the intensity effect have indicate~ that ~~dhya Pradesh, Bihar, 

Uttar Pradesh and Orissa have been using a significantly high 

proportion energy to produce the same industrial income as that 

of all India. On the other han~, Maharashtra, Karnataka and 

Kerala have been found to be energy efficient States. The 

industry-mix naturally affects the energy intensity of a region. 

Hence it has been found desirable to assess the region for its 

energy efficiency at the in~ividual industry level. Taking 

into consideration the objective of the study, the industries, 

which consume more than average energy per unit of its output, 

have been considered and they are labelled as HFU (heavy fuel 

using) in~ustries. The results have shown that even at the 

individual industry level, Bihar, Orissa and Uttar Pradesh turn 

out to be energy inefficient. 

For assessing the performance of a region for the energy 

use, the regions and the industries have been classified into a 

four-fold grouping on the basis of the intensity and structure 

effects (isolated by the model). It has been observed that 

about one-third value added of the total HFU industry group 

comes from the energy efficient regions. On the other hand, 

about 43 per cent income from the same group has been found to 

have generated from the energy inefficient group. Alcohol 
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(53.96 p~r cent), Chemical Fertilizers (74.80 per cent), Heavy 

Chemicals (59.35 per cent), Glass and Glass Products (78.56 

per cent), Cement (66.94 per cent) and Iron and Steel (other 

than Basic) (76.30 per cent) are noted to be the industries 

which have more than half the share of their income generated 

by the energy efficient regions. On the other hand, Textiles 

(72.19 per cent) and Structural Clay Products (53.89 per cent) 

are noted to have their significant income generat~d from 

energy inefficient regions. 

8.4 Minimum Energy Cost Locations for Industries 

While physical energy saving is an important factor, a 

costwise consideration of energy consumption is equally 

important. It is felt that a region chooses a fuel technology 

such that it minimizes the energy cost to produce the same 

output, in comparison with any other region's fuel technology 

and fuel prices. The model developed to study this aspect has 

provided the actual and hypothetical costs (based on a certain 

fuel technology with other region's fuel prices). The compa

risons of minimum costs on both considerations have indicated 

that the existing minimum cost is largely due to more efficient 

technology rather than the price a~vantage. In other words, it 

has been found that the variation in regional fuel technologies 

is relatively more important a factor than the regional price 

variation in explaining the variation in energy costs. 

Before concluding about the promotion of industries in 

different regions on the basis of physical and cost efficiency 

of energy use, an exercise to obtain optimal allocations of 
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industries with the objective of minimum energy consumption, 

based on the Linear Programming technique has been carried out. 

The solution of the L.P. model has provided the optimal loca

tions for each industry along with their production levels. The 

model by and large has picked up those locations for which the 

energy is minimum for a given in~ustry as obtained by the cost 

exercise, discussed earlier, with some exceptions which are due 

to the constraints imposed in the model for the minimum indus

trial income level of a region. Thus broadly this model has 

advocated Andhra Pradesh for Alcohol industry, Punjab and 

Orissa for Textiles industry, Maharashtra for Paper industry, 

Tamil Nadu for Chemical Fertilizers industry, West Bengal for 

Heavy Chemicals, West Bengal and Bihar for Structural Clay 

Products, Haryana for Glass and Glass Products, West Bengal for 

Pottery--China-Aarthenware industry and Maharashtra and 

Rajasthan for Non-Ferrous Metal industry. 

The solution of the L.P. model has provided the minimum 

energy cost to satisfy the inter-industry damand of 1970, which 

has amounted to Rs. 119803 lakh. The actual cost for the same 

with existing allocation of industries has been worked out as 

Rs. 155667 lakh. This has been found to result into energy 

saving to the tune of Rs. 35864 lakh, which is equivalent to 

23 per cent saving of energy for inter-industry use alone. It 

has been noted that it is not feasible or desirable to allocate 

any industry in only one region to minimize the energy cost. 

In view of this, the above results, it has been noted, need not 

b d b th rt inly i ndicate that there is e accepte per ~. ut ey ce a 
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sufficient scope for energy saving in the Indian industrial 

sector by shifting the industrial locations. 

8.5 Impact of Energy Price Hike 

It has bean shown that the large hike in Petroleum 

Products during the recent years, not only has a significant 

impact on the prices of the other sectors' output in the 

economy, but it has also lad to compositional or structural 

change in the same. This impact has bean analysed in the input

output frame. The impact of the enargy price hike on the 

structure of the economy in terms of output composition has 

been studied with the help of anergy intensities of economic 

activities over the period (1968-1983). The results have shown 

that the relative output levels have altered only in the case 

of HFU industries in the economy. At the regional level also 

it would have been useful to assess how the hike in energy 

prices has affected the composition, particularly the output

mix over time and secondly to examine how the relative position 

of a region as regards the price of a particular industry group 

has changed as a result of the hike in the energy prices. To 

examine the changes over time, regional input-output tables 

for different time periods was a prerequisite which are not 

available. Hance only the impact of the energy price hike on 

~he regio~ prices of other sectors output has been studied. 

The results have shown that the energy price increase has 

affected the regional prices of other economic sectors differ

ently. As a consequence it has bean found that the relative 

advantage of a region for a given industry has changed over the 
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period. The large hike in Petroleum prices has been found to 

have improved the comparative position of the Coal based States 

like Orissa, Bihar and Madhya Pradesh and these States, it has 

been noted, happen to be less developed also. The subsequent 

increases in Coal and other fuel prices have to an extent been 

found to have diminished the advantage gained initially as a 

result of Petroleum price hike. While pricing of Coal has to 

depend mainly on the costs of its extraction it has been argued, 

that the impact of it on the industrial development of Coal 

producing States, which also happen to have a relatively larger 

consumption of it, should also be one of the important conside

rations in its pricing policy. 
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Table A-1 : Regionwise Prices of Each Fuel Per TCR Unit (1970, Total In~ustrial Sector) 

- - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -Fuel Coal Coke 

State 

Coal gas Firewood Charcoal Aviation Diesel 
and Motor 011 
Spirit 

Other Lubricating Industrial Electri-
fuel oils oils and Power city 

Alcohol 
- - - - - - - - - - - - - ------------------------- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Andhra Pradesh 
Assa!ll 
Bihar 
Gujarat 
Jammu and Kashmir 
Kerala 
Madhya Pradesh 
Tamil Nadu 
i•l.aharashtra 
Karnataka 
Orissa 
Pur.jab 
Rajasthan 
Uttar Pradesh 
West Bengal 
Andaman and Nicobar Islands 
Delhi 
Himachal Pradesh 
Tripura 
Pondicherry 
Goa, Daman and Diu 
Manipur 
Haryana 
Chandigarh 

- - - - - - - - -
India 

53.90 
53.49 
60.78 
82.03 

107.57 
110.73 

45.80 
46.50 
53.23 
85.20 
68.97 
95.94 
75.77 
67.91 
44.92 

200.00 
78.05 
90.69 

115.00 
88.26 

91.37 
99.68 

59.44 

------- - - - - - - - - -

109.44 
109.49 
125.16 
164.46 
323.0o 
192.64 
148.54 
182.24 
108.26 
153.41 

48.21 
15e.ac 
126.74 
1)5.78 
100.65 
189.64 
154.20 
151.84 

140.59 
176.99 

126.17 

1361.45 
neg. 
108.43 
939.76 

325.30 
361.45 

301.20 

385.54 
277.11 

602.41 

1192.77 

- - - - -
5.24 

65.15 
22.58 
52.37 
84.14 

157.06 
43.66 
59.26 
64.20 
88.26 
45.15 
47.94 

120.04 
77.69 
86.47 
52.85 

147.55 
135.37 
72.46 
33.65 
88.26 
44.15 

83.88 
175.44 

59.95 

- - -

183.14 
222.12 
228.81 
234.43 
145.44 
161.79 
250.5 5 
218.42 
237. 2'1 
148.08 
135.40 
353.55 
299.96 
226.78 
193.27 
263.43 
307.25 
268.49 

98.17 

319.96 
581.74 

228.32 
239.74 
222.61 
224.51 
213.10 
235.93 
228.32 
215.00 
218.81 
230.22 
226.42 
251.15 
239.74 
232.12 
209.29 
190.27 
222.61 
209.29 
237.83 
215.00 
239.74 

209.29 
256.86 

- - - - - - - - - - -
164.17 220.49 

91.42 
71.26 
84.70 
87.)9 
77.98 
80.67 

108.90 
80.67 
73.95 
95.45 
73.95 
73.95 
68.57 
96.80 
69.91 

164.02 
71.25 

111. 59 
99.49 

107.56 
60.50 
29.17 
67.22 

104.87 

79.68 

- - - - - - - - - - - - - - - - - -

156.87 
156.87 
156.87 
122.00 
580.99 
139.44 
162.68 
139.44 
139.44 
162.68 
~85.92 

209.16 
156.87 
174.30 
145.25 
~73.95 
174.30 
226.59 
290.50 
:342.78 
f51.06 
580.99 
197.54 
168.48 

1153.01 
1281.12 
1080.60 
1019.33 
1643.18 
10)0.47 
1108.45 
1208.71 
1075.02 
1208.71 
1158. 5S 
120!!.71 
1069.46 
1097.30 

907.93 
13)1.25 
1036.04 
1164.15 
1359.10 
1230.99 
1481.65 
1392.52 
1253.27 
1247.70 

1993.75 
469.12 

390.93 

1387.80 
684.12 

5531.66 
4C65.68 

664.58 
918.68 

547.30 

- - - - - - - - - - - - - - - - -
142.83 1065.06 732.59 

128.57 
185.71 
128.57 
171.43 
142.85 
114.28 
157.14 
142.85 
142.85 
100.00 
100.00 

57.14 
200.00 
128.57 
171.43 
471.43 
214.29 
185.71 
271.43 
128.57 
200.00 
300.00 
171.43 
157.14 

------
135.42 

- - - - - - - - - --------------



Tabl~ A-2 n~lativ~ Prices of All Fu~ls With Reference to Coal Price (Prices in 'l'Clt Unit) 

- - - - - - - - - - - ---------
Fuel Coke 

State 
- - - - - - - - - - - - - - - - - - - - - - - - -

----------- ------Coal gas Firewood Charcoal 
------
Aviation 
and Motor 
Spirit 

- - - - - - - - -
Diesel Other 
Oil Fuel 

Oils 

- - - - - - - - - - - -
Lubricat- Power 
ing Oils Alcohol 

---------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Andhra Pradesh 

Assam 

Bihar 

Gujarat 

Jammu and Kashmir 

Kerala 

Madhya Pradesh 

Tamil Nadu 

Maharashtra 

Karnataka 

Orissa 

Punjab 

.l:taj as than 

Uttar Pradesh 

'~.est Bengal 

Andaman and Nicobar Islands 

Delhi 

Himachal Pradesh 

Tripura 

Pondicherry 

* Goa, Daman and Diu 

Manipur* 

Haryana 

Chandigarh 

- - - - - - - - - - - - - -- - - -

1.97 
2.05 
2.06 
2.00 
3.00 
1.74 
3.24 
3.92 
3.16 
1.80 
0.70 
1.66 
1.67 
2.00 
2.24 
0.95 
1.98 
1.67 

-

1.54 
1.78 

25.56 
o.oo 
1.78 

11.46 

-
7.00 
6.79 

5.68 
6.17 

7.72 

-

-
13.05 

-

1.21 
0.42 
0.86 
1.03 
1.46 
0.39 
1.29 
1.38 
1.66 
0.53 
0.70 
1.25 
1.03 
1.27 
1.18 
0.74 
1.73 
0.80 
0.29 
1.00 

0.92 
1.76 

- - - - - - - - - -----------
• These two States do not use coal, hence no relative prices are evaluated. 

3.40 
4.15 
3. 76 
2.86 
1.35 
1.46 
5.47 
4.70 
4.1/J 
1.74 
1.96 
3.69 
3.96 
3·34 
4.30 
1.32 
3.94 
2.96 

------

4.24 
4.48 
3.66 
2.74 
1.98 
2.13 
4.99 
4.62 
4.11 
2.70 
3.28 
2.62 
3.16 
3.42 
4.66 
0.95 
2.85 
2. 31 
2.07 
2.44 

2.29 
2.58 

1.70 
1.33 
1.39 
1.07 
0.72 
0.73 
2.38 
1.73 
1.39 
1.12 
1.07 
0.77 
0.90 
1.43 
1.56 
0.82 
0.91 
1. 23 
0.87 
1.22 

0.74 
1.05 

2.91 
2.93 
2.58 
1.49 
5.40 
1.26 
3.55 
3.00 
2.62 
1.91 
2.70 
2.18 
2.07 
2.57 
3.23 
3. 37 
2.23 
2.50 
2.53 
3.88 

2.16 
1.69 

21.39 
23.95 
17.78 
12.42 
15.27 

9.31 
24.20 
25.99 
20.20 
14.19 
16.80 
12.60 
14.11 
16.16 
20.21 
6.66 

13.27 
12.84 
11.82 
13.95 

13.72 
12.52 

32.80 
5. 72 

29.85 
12.85 
64.93 
58.95 

9.79 
20.45 

5.99 

- - - - - - -- - - - - - - - - - - - - - - - - -

214 

- - - --
Electri
city 

- - --
2.39 
3.47 
2.12 
2.09 
1.33 
1.03 
3.43 
3.07 
2.68 
1.17 
1.45 
0.60 
2.64 
1.89 
3.82 
2.36 
2.75 
2.05 
2.36 
1.46 

1.88 
1.58 

- - - - -
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Table A.3.1 : State x Industry Price of Coal (Rs./M. Tonne) 

------------------------------------------------------------------------------
Industry 211 

State 

231 271 311.1.1 311.1.3 311.2 311(R) 329 
* 

331 332 333 334 341.1 341(R) 342 511 

------------------------------------------------------------------------------
Andhra Pradesh 

Assam 

Bihar 

Gujarat 

Kerala 

Madhya Pradesh 

Tamil Nadu 

~!aharashtra 

Karnataka 

Orissa 

Punjab 

Raj asthaf!. 

Uttar Pradesh 

i."est Bengal 

Delhi 

Haryana 

- - - - - - -·- - - - - - -

72. 70 55.93 87.14 

80.43 

75.24 

68.10 

91.42 

91.50 

73.34 

81.92 

72.47 

84.56 

52.64 

95.47 

92.14 

82.91 77.44 

54.97 

84.61 

90.83 92.36 

- - - - - - - - -

93.16 

38.64 

91.22 

52.56 

94.25 

47.93 

78.92 

47.21 

80.93 

* Coal is not used in this in-lustry. 

-
41.09 

45.45 

94.47 

94.26 

59-73 

46.85 

81.34 

103.95 

76.87 

61.84 

59.34 

85.50 

62.50 

47.12 

- - - - - - - - -

40 .oo 44.22 

71.12 

56.34 

108.33 

50'.37 

87.70 

57.81 

107.83 

70.19 

31.28 

52.13 

83.64 

51.63 

98.50 

90.10 

57.82 66.43 88.70 73.03 

114.29 

52.59 70.80 

99.99 . 89.34 115.79 

67.93 51.86 60.03 

60.77 

36.58 

94.98 

56.00 

95.10 100.60 160.62 

49.15 

65.08 87.65 112.03 

80.17 105.72 119.85 

81.52 65.45 

96.14 107.63 

48.60 

39.66 

71.12 

36.15 

34.10 

46.59 

25.53 

106.00 

88.45 

58.78 

89.34 

86.31 

77.30 

82.49 

44.53 

107.73 

123.29 112.50 145.07 

73.34 65.98 

62.57 so.68 41.62 

95.89 

7).16 108.11 

- - --------- - - - - - - - - - - - - - - - -
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Table A-3.2 . State x Industry Price of Electricity ( Rs ./KWH) . 
-- - - ------- - -- - - - - - - - - - - - -- ------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Industry 211 231 271 311.1.1 311.1.3 311.2 3ll(R) 329 331 332 333 JJlt 341.1 341(R) 34-2 511 

State -- - - -- - ---- - -- -- --- ------ - -- - - - - - - - - - -- -- - - -- - - - -- - - - - - - -- - - - ------- - -- -
Andhra Pradesh 0.24 0.13 o.os 0.07 0.10 0.13 0.20 0.07 0.23 0.24 

Assam 0.11 0.17 0.25 0.20 

Bihar 0.13 0.05 0.14 0.13 0.27 o.n 0.07 0.11 0.11 0.38 

Gujarat 0.12 0.12 0.09 0.12 0.11 0.17 0.16 0.11 0.17 0.16 0.09 0.16 

Kerala 0.12 0,29 0.06 0.17 0.33 

}!adhya Pradesh 0.16 0.12 0.14 0.16 0.18 0.10 0.10 0.14 

~a:::il Nadu 1.06 0.09· 0.09 0.34 0.05 0.15 0.14 0.07 0.14 0.14 0.11 0.27 

Maharashtra 0.09 0.10 0.08 0.20 0.09 0.09 0.15 0.10 0.10 0.12 0.07 0.12 0.14 

ICarnataka o.os 0.07 0.19 0.15 0.07 0.04 0.14 0.15 0.11 

Orissa 0.15 0.10 0.14 0.11 0.05 0.24 

Punjab 0.09 0.12 0.11 0.20 

Rajasthan 0.12 0.11 0.18 0.15 0.17 

Uttar Pra-:lesh 0~18 0.13 0.11 0.06 0.14 0.19 0.11 0.17 0.86 

\\est Bengal 0.13 0.12 0.07 0.13 0.09 O.J,.5 0.13 0.16 0.09 0.12 0.09 0.20 

Delhi 0.16 0.1~ 0 .. 19 0.17 0.18 

Haryana 0.15 0.12 0.11 o.os 0.14 0.15 0.09 

- - - ------ - - - - - - -- - - - - - - - - - - - - - - - -- - - - - ------- - - - - - - - - - - - - - - - - - - - - -
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Table A-3.3 : State x Inciustry Price of Other Fuel Oils (Rs./Litre) 

------------------------------------------------------------------------------
Industry 211 231 271 311.1.1 311.1.) 311.2 311(d) 329 331 332 JJ3 334 341.1 341(ft) 342 511 

.:>t.ate ------------ - - - - - - - - - - - - - - - - - - - - - - - - - - - --
Andhra Pradesh 

Assam 

Bihar 

Gujarat 

Kerala 

Madhya Pradesh 

Tamil Nadu 

Maharashtra 

Karnataka 

Orissa 

Punjab 

i!ajasthan 

Uttar Pradesh 

West Bengal 

Delhi 

Haryana 

---------------

0.)1 

0.32 

0.25 

0.24 

0.58 

0.24 

0.24 

0.27 

0.86 

0.47 

0.59 

0.48 

0.40 

0.56 

0.64 

0.27 

0. 51 

0.25 

0.27 

0.28 

0.27 

0.23 

0.29 

0.25 

o. JO 

- - - - - - - - - - - -

0.23 

o.;n 
0.60 

0.23 

0.22 0.29 

0.24 

0.21 

0.28 

0.25 

0.25 

0.41 

0.26 

0.24 

0.51 

0.22 

0.24 

- -

---------------------------------

0.33 

0.)2 

0.27 

0.25 

0.28 

0.30 

0.23 

0.25 

0.34 

0.26 

0.57 

0.50 

0.23 

0.31 

0.22 

0.27 

0.31 

0.22 

0.30 

0.45 

0.36 

0.67 

0.91 

0.59 

0.63 

0.21 

0.29 

0.23 

0.37 

0.27 

0.24 

0.35 

0.27 

0.26 

0.31 

0.27 

0.24 

0.29 

0.37 

0.46 

0.29 

0.25 

0.30 

0.37 

- - - - - -· - - - - - - - - - -

0.28 

0.40 

0.29 

0.28 

0.29 

0.27 

0,22 

0.48 

0.27 

0.37 

0.60 

0.35 

0.25 

0.30 

0.28 

- - - -

0.24 

0.27 0.28 

0.28 0.17 

0.54 

0.37 

0.26 0.17 

0.24 0.26 

0.26 

0.20 

0.42 1.00 

0.26 0.19 

-------
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Table A-4.1 : State x Industry Consumption Share of Coal (Value of Consumption) 

-- - - - - - - - - - - - - - - - -Industry 211 -- - -2)1 - - - - - - - - - - - - - -- - - - - - -271 )11.1.1 )11.1.) )11.2 )11(R) )29 331 
- - - - - - - - - - - - -- - -- -- -- - - - - - - -511 -- -

332 )JJ .).)4 .)41.1 )4l(R) 342 

* 
------------------------------------------------------------------------------
Andhra Pradesh 

Assam 

Bihar 

Gujarat 

Kerala 

Madhya Pradesh 

~amil Nadu 

V!llharash tra 

Karnataka 

Orissa 

Punjab 

Rajasthan 

Uttar Pradesh 

iiest Bengal 

Delhi 

Haryana 

55.79 

80.04 

84.01 

13.34 

16.26 

43.96 

30.39 

0.63 

28.41 

0.76 

9.55 

S.97 

39.18 

37.97 

)2.36 

28.21 

17.03 

54.17 

35.08 

45.81 

33.12 

16.80 

53.08 

52.82 

53.21 

51.60 

81.48 31.91 81.57 

77.37 

0.60 

0.09 

.. -- - - - - - - - - - - - - - - - - - - - - - - - - - -------
* Coal has not been used in this in~ustry. 

8.88 

3.93 

19.54 

0.77 

2.15 

34.29 

16.53 

- -

21.80 

11.27 

3.82 55.27 

57.84 

2.03 

58.40 

6.72 

28.74 

9.15 

74.12 

- - - - - - - -

80.68 

1.11 

62.06 

26.13 

67.36 

51.56 

54.00 

75.87 

23.56 

83.60 

1.80 80.46 

65.36 

61.73 

63.48 

69.25 

82.53 

2.47 

7.38 

63.18 

1.01 

19.50 

0.83 

0.88 

10.66 

76.64 

35.59 

12.05 

12.68 

4.13 

10.18 

0.62 

5.42 

17.91 

0.75 

1.94 

0.26 

0.51 

3.17 

0.66 

9.65 

2.89 

17.36 

5.83 

15.40 

0.19 

---------- - - - - - - - - - - -

45.06 

0.25 

0.79 

0.98 

- - -

94.99 

7.03 

61.09 

9iL81 

94.46 

93.05 

75.49 

72.26 

65.24 

98.42 

92.86 

- - - - -
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Table A-4.2 : State x In~ustry Consumption Share of &lectricity (on the Valua Basis) 

----------------------------------------------- -- - ----- -----------------------Industry 211 231 271 311.1.1 311.1.) )11.2 )1l(R) 329 )Jl ))2 ))It )~1.1 )4l(R) 342 5ll 
* State 

-----------------------------------------------------------·------------------
Andhra Pradesh 

Assam 

Bihar 

Gujarat 

Kerala 

~iadhya Pradesh 

Tamil Nadu 

Maharashtra 

Karnataka 

Orissa 

Punjab 

Rajasthan 

Uttar Pradesh 

ll'est Bengal 

Delhi 

Haryana 

38.95 79.37 4).31 59.31 

74.76 

11.23 

-
-

6.08 

12.96 

45.65 

61.40 

83.34 

65.54 

97.67 

51.16 

52.96 

54.89 

46.80 

58.66 

64.82 

74.34 

41.23 

59.71 

40.09 

42.99 

42.74 

57.17 

32.27 

.39. 8~ 

39.32 

43.08 

14.71 

2.41 

89.46 

100.00 

67.62 86.49 

70.76 51.84 

100.00 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

79.11 93.44 

94.36 

13.28 

58.70 

72.60 

o0.61 

50.56 

77.68 

43.25 

93.55 

5o.89 

75.76 

- - - - - - - - -

86.51 

25.33 

97.59 

21.30 

6.09 

12.83 

15.57 

11.82 

17.95 

7.91 

14.02 

21.58 

5.26 

20.66 

8.03 

15.61 

7.11 

26.76 

--------

12.89 31.38 63.66 56.17 

15.78 

18.57 

19.26 

25.47 

12.42 

17.18 

38.25 

20.58 

32.56 

21.35 

27.26 

13.76 

49.85 

9.71 

50.28 

62.77 

58.37 

o3.33 

46.50 

15.11 

31.18 

63.35 

50.01 

28.62 

54.92 

42.36 

65.52 

31.31 

69.52 

59.57 

58.48 

37 .oo 

89.85 

45.54 

7.72 

29.91 

31.70 

9.29 

42.93 

----------------
*As the use of electricity ~n the proouction of electricity is negligible, the consumption share of it has not been reported. 

16.33 

48.04 

87.89 

51.50 

7).63 

73.26 

57.80 

--------
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Table A-4.3 : State x Inoustry Consumption of Other Fuel Oils (on Value Basis) 

. -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - -
Industry 211 231 271 311.1.1 311.1.3 311.2 311(R) 329 

State -------------------------------------------
Andhra Pradesh 

Assam 

Bihar 

Gujarat 

Kerala 

Madhya Praoesh 

Tamil Nadu 

Kaharashtra 

Karnataka 

Orissa 

Punjab 

Rajasthan 

Uttar Pradesh 

West Bengal 

Delhi 

Haryana 

-

6.99 

1.19 

4.49 

9.09 

0.46 

3.91 36.75 

22.26 

7.30 

0.01 

7 .3) 

1.05 20.98 25.07 

)2.21 

31.50 

0.18 

1.43 

0.66 

1.03 

0.42 

o.n 
1.28 

:::.;.se 
10.52 

3-33 

3.56 

1.57 

0.54 

-

10.41 

47.10 

40.97 

2t...C9 

.:!7 .09 3.3. 50 

• 

7.95 

3.10 

0.01 

32.96 

1.63 
.,.., "3 
~, • I 1S'.25 

-

6.37 

331 332 333 334 341.1 341(R) 342 511 

- - - -- - - - - - - - - - - - - - - - - - - - - - - - -- --

20.03 

16.70 

3.64 

3.84 
...... ,, ,o .......... 

2 ... 49 

12.23 

0.40 

27.66 

23.76 

14.53 1.16 

0.28 50.63 18.91 

22.)8 

48.68 

0.25 

0.49 

0.06 30.91 21.80 

0.02 

20.72 

2.73 

37.54 

7.01 

39.40 

0.55 15.99 

1).06 34.59 21.47 

0.27 

0.67 

28.55 

6.72 

4.48 

19.92 

21.05 

2.38 

1.39 

6.67 

0.96 

13.31 12.55 

34.08 

32.40 

J.90 

31.13 

24.56 

11.03 

12.92 8.04 25.68 

43.44 10.51 

30.84 33.79 

2.86 

72.20 

36.42 

7.88 

0.17 

1.95 

0.01 

2.59 

--------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



221 
Table A-5.1 : State x Industry Consumption Share of Coal .(on Quantity BasU) 

--------------- ------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - -
Industry 211 

State 

231 271 )11.1.1 311.1.) )11.2 )11(~) 329 

* 
331 333 )34 341.1 341\RJ 342 5.l.l 

-------------- - - - - - - - - - - - - - - - - - - -------------------------------------------
Andhra Pradesh 

Assalll 

Bihar 

Gujarat 

Kerala 

Madhya Pra-i esh 

Talllil Nadu 

)l'.aharashtra 

Karnataka 

Orissa 

Punjab 

Rajasthan 

Uttar Pradesh 

West Bengal 

Delhi 

Haryana 

-------------

87.26 34-33 54.49 

90.24 

92.87 

28.02 

70.86 

44.85 

1.15 

49.60 

11.17 

16.51 

12.80 

73.80 

49.06 

4!3. 75 

50.23 

40.42 

76.85 

54.81 

81.80 

43.95 

36.58 

57.77 

77.12 

70.24 

79.59 

91.29 48.42 90.83 

* Coal has not been used in this industry. 

94.00 

0.01 

0.81 

0.11 

19.36 

12.46 

29.55 

0.64 

3-71 

45.05 

26.03 

17.57 

33.21 

0.01 

32.93 1.76 

------

83.19 

70.02 

1.14 

75.92 

10.11 

42.91 

4.34 

64.44 

92.94 

93.23 

2.90 

75.25 

50.22 

79.40 

94.83 74.64 

02.57 

77.44 

91.49 

46.b6 

93.!!2 

80.36 

66.04 

82.63 

67.33 

74.81 

91.08 

6.09 

13.75 

75.01 

1.74 

38.26 

1.48 

2.19 

8.65 

87.52 

51.88 

3.23 91.39 

21.5!! 

32.!!2 

7.02 

25.42 

- - - - - - - - - - - - -

2.24 

13.33 

47.13 

1.58 

6. 55 

0.32 

o.n 
4.99 

0.77 

13.40 

4.40 

35.95 

12.46 

27.39 

0.29 

- - - -

72.20 

0.39 

1.43 

1.84 

98.09 

21.99 

69.19 

99.74 

98.22 

95.32 

92.92 

65.39 

51.75 

99.5!! 

96.63 
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Table A-5.2 : State x Industry Consumption Share of Electricity (on the ~uantity Basis) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - ---
Industry 211 231 211 311.1.1 )11~1.) 311.2 311{a) 329 

State 

331 3J3 3J4 341.1 341(R) 342 511 
* 

-----------------------------------------------------------------------------
Andhra Pradesh 

Assam 

Bihar 

Gujarat 

Kera1a 

Madhya Pradesh 

Tamil Nadu 

l~arashtra 

Karnataka 

Orissa 

Punjab 

Rajasthan 

Uttar Pradesh 

12.74 62.78 

68.67 

26.33 

50.00 

77.S8 

48.85 

78.19 

49.77 

59.57 

40.33 

14.37 

38.46 

45.55 

33.43 

25.32 19.87 

45.78 

46.37 

69.66 

1.85 

95.84 

79.20 

68.86 50.72 

7).15 45.06 

100.00 

69.85 

84.10 

9.87 

73.13 

83.90 

62.72 

- 49.32 

96.40 

34.88 

94.92 

59.45 

76.52 

13.13 

7.07 0.49 

2.10 

3.29 

4. 58 

8.02 

11.28 19.14 

l.S9 

5.96 

2.99 

8.33 

7.22 

24.13 42.76 

44.01 

18.35 8.09 

14.22 42.29 

15.41 51.55 

21.70 52.50 

59.54 

2.3.70 65.17 

43.60 

17.53 

41.55 8.40 

27.24 59.08 

63.48 

57.87 87.98 

67.65 53.77 

34.96 66.82 

9.05 94.15 

24.22 43.74 

7.42 5.65 70.45 

57.46 18.40 

West Bengal 

Delhi 

2.19 47.42 26.73 

53.24 18.11 

22.25 

70.13 56.71 98.07 

4.04 7.43 

6.00 8.48 13.22 

3.b9 4.68 

36.21 8.20 

44.40 24.24 64.27 

22.16 6.01 

Haryana 6.13 48.11 8.32 45.72 50.43 

------------------------------- ------ ---------------------- -------------
*As the use of electricity in the production of electricity is negligible, the consumption share of it has not been reported. 
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fuble A-5.3 : State x Industry Consumption of Other Fuel Oils (on Quantity Basis) 

-------------------------------------------------------------------------------
Industry 211 231 271 311.1.1 311.1.3 311.2 311(R) 329 331 3.32 3.33 334 341.1 )4l(R) 342 511 

State 

-------------------------------------------------------------------------------
Andhra Pradesh 

Assam 

Bihar 

Gujarat 

Kerala 

~ladhya Pradesh 

Tamil Nadu 

Maharashtra 

Karnataka 

Orissa 

Punjab 

Rajasthan 

Uttar Pradesh 

'6est Bengal 

Delhi 

Haryana 

• 

---------------

0.15 

3.61 

0.91 2.49 29.62 

4.17 10.89 

10.70 

0.18 

9.12 

29.55 

24.54 

0.04 

0.65 

0.27 

0.51 

0.23 

0.26 

0.48 

-
3. 51 

16.23 

11.26 

6.90 

1.78 

2.18 

0.78 

0.28 

-------

2.93 

24.55 

25.92 39.56 

9.80 

47.14 31.09 

26.59 

14.44 

31.20 

2.74 

1.93 

1.18 

37.89 

6.34 

------

0.01 

11.60 

8.44 

9.86 

1.36 

1.42 

76.53 

15.23 

0.64 

6.92 

0.05 

0.01 48.76 34.98 1.01 

39.12 6.59 

0.06 3.78 2.27 17.20 54.75 

64.77 

8.16 

38.74 

16.47 

44.38 

26.37 18.08 51.39 22.64 31.10 29.63 

5.09 

13.22 

0.47 

10.b7 

0.06 

0.09 

1.13 

9.82 

0.11 

0.36 

0.36 

39.83 

33.81 

3. 40 

1.94 

10.50 

11.58 

10.30 

46.25 

25.95 

17.96 

27.32 

19.90 

1.61 

0.68 

4.63 

0.52 

9.32 

7.38 

10.12 

32.65 

4.05 

38.56 

31.70 

9.18 

25.86. 

0.03 

1.66 

0.15 

0.53 

1.00 

---------- -------------------



224 
Table A-6: Gross Output State x HFU Industries (1970 A.S.I., '000 Rs.) 

-------State 

Industry 

- -- - - - - - - - -
Andhra Assam 
Pradesh 

Bihar Gujarat Kerala Madhya Tamil 
Pradesh Nadu 

- - - - - - - - - - - - - - - - - -
Maha- Karna- Orissa Punjab Raja
rashtra taka sthan 

-----------------
Uttar West Delhi 
Pradesh Bengal 

Haryana 

---------------- -------- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
211 

231 

271 

311.1.1 

311.2 

311 ( R) 

331 

3'2 )_ 

333 

334 

341.1 

34l(R) 

342 

511 

- -
Total 

9,100 6,212 31,796 10,667 

396,394 13,261 42,655 3597,745 189,429 855,000 2564,851 5045,536 520,978 99,584 409,344 379,208 1054,557 3171,022 309,451 299,856 

67,705 58,838 159,386 100,305 396,220 136,696 201,936 69,433 339,683 100,985 

214,256 

14,493 

2,461 

2,053 

156,598 

174,049 308,420 

12,392 355,142 99,107 

271,557 25,729 

102,152 257,200 

142,675 776,797 

48,247 1273,053 7,289 

63,123 19,474 31,467 13,169 48,079 41,488 34,725 

5,486 

20,370 

217,245 213,407 

140,252 

1,963 

264,976 338,768 169,517 

8,071 

173,597 

74,489 94,518 

228,960 215,524 

19,153 

80,785 91,388 

1,377 18,023 

2,078 34,296 

3,165 11,034 

30,745 4,294 1461,953 94,922 34,422 1326,514 157,403 391,759 160,793 1057,211 118,305 161,756 1607,451 40,416 27,294 

22,639 2,965 152,715 137,323 18,316 180,586 688,4o4 11,099 90,593 22,337 2,929 104,450 393,037 4,845 119,091 

21),009 5,556 102,766 577,520 183,037 41,665 445,073 

373,875 53,019 334,101 530,997 174,238 333,248 924,962 1307,853 481,595 127,198 219,277 178,804 659,983 897,290 

------------------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -------
1290,319 73,539 2676,728 5613,751 554,392 2978,784 4710,794 1705,729 1584,593 769,203 776,203 2467,586 7292,162 359,955 603,223 

10896,,142 
- - - - - - - - - - - - - - - - - - - ---------------------------------- - - - - - - - - - - - - - - - - - - - - - - - - - -



Tabla A-7 : Value Added State x HFU Inrlustries (1970 A.3.I., 1 000 Rs.) . 

- - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
State 

Industry 

Andhra Assam 
Pradesh 

----------------
211 

Bihar Gu.jarat Kerala !4adhya Tamil 
t>rJ~cleflh Nadu 

- - - - - - - - - - - - - -
2,338 

Maha- Karna- Oris~a Punjab Raja
rashtra taka ~than 

-- - - - - - - - - - -

225 

--------------------
Haryana Uttar West Delhi 

Prarl'!!sh Bengal 

- - - - - - - - - - - -
9,971 2,296 

231 

7,054 

85,150 

10,324 

53,812 

1,476 12,447 1019,699 41,958 195,824 605,079 1654,434 113,477 24,167 96,265 83,744 261,496 936,291 86,125 55,255 

271 

311.1.1 

311.2 

311 ( R) 

331 

332 

333 

)34 

341.1 

341 (R) 

342 

511 

2,974 

2,756 

566 

42,416 

4,579 

585 

200,883 

12,435 

22,086 118,608 

3,658 113,271 37,071 

20,677 

1,921 

97,628 4,040 

9,658 17,114 

95,144 30,393 131,828 44,739 62,348 

8,036 27,952 

44,667 263,501 

14,624 431,715 605 

5,099 13,164 19,584 18,108 

48,765 

2,015 

16,465 112,798 

18,453 22,829 

55,126 60,848 

7. 776 

22,385 31,689 

869 (-169) 12,210 

72,679 72,497 42,594 34,625 30,280 

538 458,944 

7,326 

42,788 

18,858 

41,327 

5,657 194,269 38,571 86,046 12,353 167,666 19,484 40,896 293,025 

1,682 5,508 69,913 220,352 7,392 24,125 7,876 977 27,713 

1,335 

16,613 

10,520 

105,328 

112,012 214,703 128,067 153,395 

34,o75 90,316 72,551 

436,873 506,423 316,176 

8,412 

56,831 139,603 107,722 229,921 

95,522 

121,268 

267,745 

35,249 

543 10,580 

1,091 

5,lll 

1,230 

4,260 

~.341 

29,291 

-------------------------------------------------------------------------------
All HFU 411,099 20,309 824,620 1697,636 233,907 725,125 1368,492 3496,039 627,995 337,152 263,228 235,480 682,257 1972,539 94,100 141,272 

All Inrlustries 1088,235 404,699 1700,134 2385,658 734,445 1003,855 2808,036 7569,559 1632,265 504,923 526,451 539,413 1928,491 4014,599 425,909 605,685 

Percentage of 
HFU in All 
In-iustries 37.78 
(';;i th r extil e) 

i;ithout Textile 
(Percentage) 29.95 

-- - - -

5.02 

4.65 

- - --

48.50 71.16 31.85 72.23 48.73 

47.77 28.42 26.14 52.73 27.19 

--------

46 .Hl 38.47 o6.77 50.00 43.65 35.38 49.13 22.09 23.32 

24.)3 31.52 61.99 31.71 2 8.13 21.62 25.81 1.87 14.20 

------------- ------ -------- - - -
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Table A-8.1: Fuel Consumption:State x HFU Industries in Value Terms for 1970, ('000 Rs.) 

-------
State 

Industry 
-------
211 

231 

271 

}11.1.1 

}11.2 

311 ( R) 

331 

332 

333 

334 

341.1 

341 ( R) 

342 

511 

------
All HFU 
Industries 

- -- - - - - - - - -
Andhra Assam 
Pradesh 

------ - - -

- - - - - - - - -
l'ihar Gujarat Kerala 

- - - - - - -

- - - - - - - - - - - - - -
r4arlhya Tamil t·;ahs.-
Pratlesh Natlu rashtr& 

- - - - ------
484 

- - - - - - - - -
Karna- Urissa 
taka 

- - - - - - - - -Punjab liaja
sthan 

-------

- - - - - - - - - ----------Uttar ;;est 
Pratlesh Bengal 

:1e1hi Haryana 

- - - - - - - - - - - -- -
~.612 541 

505 

14,321 

9,216 

17,669 

2,969 

326 

418 1,367 197,269 

11,150 

2.3,327 32,358 

3,890 60,106 

14,436 

6,651 38,965 90,543 269,977 18,045 3,374 13,054 15,511 49,457 107,463 18,684 10,048 

481 

34,396 

2,084 

2,152 

59,931 

9,702 

665 

4,03o 

4,866 

49,256 70,o68 

325 289,526 3,381 

230 22,744 7,550 

13,617 179 

5,860 43,829 135,506 

10,359 10,109 18,736 18,469 22,399 9,362 31,833 9,902 

8,424 

10 

6,457 2,278 

468 

7,673 28,746 

27,823 68,029 

1,324 86,387 

9,777 6,347 

20,076 

5 

6,651 

54,361 92,805 44,925 

1 '995 

l,u68 77,586 6,146 19,955 50,826 234,602 

2,553 12,030 45,837 1,005 17,453 

6,997 11,338 18,463 

167 59,975 106,621 137,243 841 14,950 

45,774 

13,118 7,368 

37,447 12,685 

2,866 

18,596 12,409 

431 4,960 

5,183 14,826 87,215 

1,929 

1,525 

312 

1,152 

5,330 29,736 

11,501 

6,033 198,395 191,738 

478 

807 

1,905 

416 

4, 391 

2,038 

1,812 

2,088 

----------------------------------------------------------------
144,050 6,833 465,204 541,505 23,377 247,029 371,848 713,393 159,230 294,773 21,691 68,782 352,574 504,896 22,290 30,820 

All In~ustries 1088,235 404,699 1700,134 2385,658 734,445 1003,855 2808,036 7569,559 1632,265 504,923 526,451 539,413 1928,491 4014,599 425,909 605,685 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ------------- - - - - -
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Ta!:>le A-8 .2 : l"uel Consumption (State x HFU Inr! us try) in Physical Units for 1970 ( TCR Units) 

-------
.State 

Industry 

- -- - - - - - - - -
Andhr1:1 Assc.m 
Pradesh 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
dhar Gujarat Kerala f•lat:lhya Ta'llil 

Pradesh fJariu 
!·;aha- Karna- Orissa Punjab 1\aja-
rashtra taka s~han 

-------------------
Uttar ~est Delhi 
Pradesh Bengal 

Haryana 

---------------- - - - - - - - - - - -- - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
211 

231 

271 

.311.1.1 

)11.2 

311 (n) 

)31 

332 

3.3.3 

334 

341.1 

341 ( R) 

.342 

511 

- - -
Total 

5,671 61,211 5,.307 8.35 

98,898 

90,610 

14b,048 

22,57 5 

2,~7~ :~.~55 1444,426 .39,927 277,700 606,.394 2015,147 14.3,772 .33,698 104,368 111,032 .356,891 817,927 128,209 71,201 

1,o60 

7,3.32 

75,480 

4b7,226 220,5b2 

22,784 411,780 77,7.36 

103,7.34 28 

149,560 82,)62 157,539 175,292 319,294 

53,645 223,573 

318,503 472,649 

6,099 565,633 18 

141,994 45,~90 105,435 34,622 72,534 7.3,085 129,562 22,109 

17,901 134,794 

39,7.38 4,752 

452,3;5 672,547 670,302 731,387 912,028 516,964 535,728 

89,814 437,029 

161,154 78,799 

.399,427 189,134 

49,118 

179,525 124,118 

4,041 42,258 

106,545 

4,117 24,384 

8,029 20,779 

9,441 21,426 .3295,799 16,410 13,482 657,413 33,676 116,989 581,772 2513,648 36,748 99,772 730,883 10,316 9, 573 

7,940 1,357 215,015 35,261 

168,837 1,163 

1189,909 3565,217 353;304 134.3,844 

- - - - - - - - -

13,362 61,022 353,797 

4.3,582 61,926 

812 1865,944 2979,427 1503,960 

5,349 227,294 11,921 

92,469 

520 475,290 15,713 

1,6b0 34,890 220,002 2,.398 12,973 

5,606 73,531 

69,592 2966,773 4339,317 

- - - - - - - - - - -
2027,583 3590,974 5410,256 4408,690 237,420 3740,411 5lb9,272 5b79,092 1645,718 3591,33.3 168,750 723,618 4353,498 7126,316 153,069 250,762 

---------------------------------------------------------- ---------
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'table A-9 :Energy Input Coefficients (Value Terms), 1970 

- - - --------- - - - - - - - - - - - - -

- - - - - - - -

Andhra Prariesh 
l'.iadhya Pradesh 
Uttar Pradesh 
Haryana 

Anrlhra Prarlesh 
Assam 
Bihar 
Gujarat 
Kerala 
Ma1hya Prarlesh 
Tamil Narlu 
Maharashtra 
Karnataka 
Orissa 
Punjab 
Rajasthan 
Uttar Prar!esh 
v.·est Bengal 
Delhi 
Haryana 

Coal 

------
Petroleum Electri
Prorlucts (;ity 

- - - - - - - ~ - - - - -
In-:!ustry 211 

Other 
Fuels 

0.005824 0.000550 0.004066 
O.Ool977 
0.148226 
0.041249 

0.004791 
0.005052 
0.014090 
0.016461 
0.000222 
0.011816 
0.002164 
0.004797 
0.002987 
0.013145 
0.011941 
0.013154 
0.013165 
0.005731 
0.026941 
O.Ol061S 

0.006761 0,008693 
0.015411 0.010725 0.002076 
0.000562 0.006562 0.002249 

Industry 231 

0.002104 
0.001810 
0.002461 
0.004151 
0.004466 
0.0020S9 
0.004164 
0.018760 
0.011955 
0.001717 
0.0032S4 
0.003280 
0.002492 
0.002421 
0.000378 
0.002152 

0.02S510 
0.023226 
0.014629 
0.033260 
0.029151 
0.027262 
0.027976 
0.025713 
0.017636 
O.OlS417 
0.014716 
o.o23S44 
0.030247 
0.025017 
0.020504 
0.019866 

0.000518 
0.000980 
o.ooosos 
0.000300 
0.001140 
0.010429 
0.001331 
0.000990 
0.000721 
0.000271 
0,001505 
0.000372 
0.000756 
0.0004<!1 
0.001913 
0.000645 

-------------------- ---------
(continued) 



Table A-9 (continued) 

- - - - - - - - - - - -
Coal 

- - - - - - - - -

Andhra Pradesh 
Gujarat 
Madhya Pradesh 
Tamil Nadu 
Maharashtra 
Karnataka 
Orissa 
Uttar Pradesh 
\'lest Bengal 
Haryana 

Andhra Pradesh 
Bihar 
Gujarat 
Tamil Nadu 
Maharashtra 

0.064072 
0,065502 
0.029658 
0.032916 
0.007645 
0.069819 
0.058439 
0.071709 
0.048339 
0.077556 

0.103695 
0.000003 
0.000401 
0,000089 

229 

- - - - - - - - - - - - - - --
Petroleum &lectri-
Proriucts city 

Other 
Fuels - - - - - - - - --

Industry 271 

0.010014 
0.044818 
0.007121 
0.022139 
0.010246 
0.017396 
0.006244 
0.009304 
0.003165 
0.002773 

0.058592 
0.074850 
0.027832 
0.042476 
0,026018 
0.042452 
0.044123 
0.052986 
0.040364 
0.013982 

Industry 311.1.1 

0.030239 
0.021913 
0.009766 
0.020548 
0.029557 

0.044409 
0,003235 
0.089002 
0.045491 
0.072706 

0.002599 
0.001530 
0,000125 
0.001844 
0.001603 
0,001866 
0.001837 
0.000763 
0.001820 
0.000773 

0.000233 
0,005182 
0,000717 
0.000832 
0.000397 

Industry 311.2 

Anrihra Pradesh 
Bihar 
Gujarat 
Kerala 
Tamil Naliu 
Maharashtra 
Uttar Pradesh 
West Bengal 

----------

0.018009 
0.010733 
0.027865 

0.001493 
0.001735 
0.060277 
0.012876 

0.023529 
0.000565 
0.080615 
0.034398 
0.047640 
0.027969 
0.016338 
0.003269 

0.160422 
0.257828 
0.018942 
0.049038 
0.141132 
0.049000 
0.088872 
o.oo0496 

0.000828 
0.004116 
0.015200 
0.000101 
0.004122 
0.002141 
0.010284 
0.001238 

-------------- - - - -
(continued) 
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Table A-9 ( cont inuerl) 

-------------
Coal- - -P;t~ie~- El;ctrt--

Products city - - - -
- - - --

Other 
Fuels ------------------- - - - - - - - -

Anrlhra Pra<iesh 

Gujarat 

Tamil Na<iu 

Maharashtra 

West Bengal 

Bihar 

Gujarat 

Kerala 

Marlhya Prarlesh 

Tamil Nadu 

Maharashtra 

Karnataka 

Orissa 

West Bengal 

Bihar 

!-!aha rash tra 
Uttar Pra~esh 

West Bengal 

Delhi 

Haryana 

0.010849 

0.000002 
0.006417 

o.OS276o 
0.117593 
0.004131 
0.100539 
0.013374 
0.043699 
0.017451 
0.123903 
0.110635 

0.095151 
0. 001455 
0.139877 
0.035213 
0.154957 
0.002070 

In-lustry 311 (R) 

0.003657 
0.016987 
0.001531 
0.024741 
o.oo6333 

Inriustry 331 

0.033648 
0.039026 
0.011378 
0.014655 
0.159176 
0.063464 
0.010367 
0.034569 
0.006318 

0.121495 
0.021524 
0.040964 
0.033740 
0.043146 

0.031890 
0.012375 
0.026091 
0.026805 
0.023524 
0.027285 
0.015090 
0.033081 
0.032214 

In<iustry 332 

0.009479 
0.097952 
0.056137 
0.076827 
0.058710 
0.082051 

0.006198 
0.026952 
0.018097 
0.021031 
0.016362 
0.030820 

0.004876 
0.000409 
0.001293 
0.000825 
0.001053 

0.001442 
0.034303 
0.161820 
0.030147 
0.002870 
0.017595 
0.147905 
0.044480 
0.000104 

0.007109 
0.004107 
0.011277 
0.001664 

0.000233 

-------------------- ------
(continued) 



1'able..l:,2 : (continued) 

------
- - - -

231 

- - - --
Other 
Fuels -------- ----------- --------

Andhra Prarl esh 
Gujarat 
Madhya Pradesh 
Uttar Pradesh 
West Bengal 
Delhi 
Haryana 

Andhra Pradesh 
Bihar 
Gujarat 
lliarlhya Prallesh 
Tamil Nar!u 

Karnataka 
rtajasthan 

An1hra Pradesh 
Ass;.m 
Bihar 
Gujarat 
Nadhya Pradesh 
Tamil Nadu 

Maharashtra 
Karnataka 
Orissa 
Punjab 
Uttar Pradesh 
West Bengal 
Oe1hi 
Haryana 

0.195811 
0.122042 
0.127357 
0.237473 
0.0)5i..47 
0 • .212638 
0.148541 

0.143227 
0.130848 
0.185336 
0.118290 
0.172381 
0.182908 
0.217262 

0.001659 
0.00 5589 
0.119715 
0.000348 
0.011382 
0.000318 
0.000426 
0.033105 
o.1o9o35 
0.015494 
0.010980 
0.006642 
0.001930 
0.006522 

In <:ius try 33 3 

0.001461 
0.072705 
0.061641 
0.012346 
0.032449 
0.004739 
0.004169 

0.0)0200 
0.037359 
0.043811 
0.060276 
0.()38322 
0.031596 
0.031720 

O.OOo820 
0.004614 
0.003057 
0.002905 
0.044225 
0.005372 
0.000181 

Industry 334 

0.006578 
0.007213 
0.076417 
0.009922 
0.040069 
0.008483 
0.008111 

0.068756 0.000581 
0.086124 0.000990 
0.068011 0.000641 
0.062)91 0.001023 
0.057966 0.001131 
0.072010 0.000719 
0.036228 0.~01647 

Industry 341.1 

0.021109 
0.031207 
0.019416 
0.015433 
0.010064 
0.01)926 
0.015879 
0.054511 
0.017751 
0.012257 
0.016704 
0.013047 
0.021972 
0.020957 

0.042739 
0.037727 
0.018393 
0.017246 
0.030643 
0.022350 
0.030669 
0.144360 
0.033439 
0.013575 
0.057735 
0.026203 
0.013386 
0.035173 

0.001626 
O.OOllb4 
0.0)1948 
0.001276 
0.000288 
0.')01697 
0.001455 
0.078467 
0.000505 
0.002215 
0.005712 
0.006509 
0.009476 
0.001392 

--------------------- -----------
(continued) 
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Table A-9 ( cont 1 nue-1) 

- - - - - - - - - - - - - ------------- -- - --Coal Pet.roleUIII Electri- Other 
Products City F'uels - - - - -- -- - - - - - ----------------

Inrlustry 34l(R) 

Anclhra Prarlesh 0.000574 0.030743 0.051681 0.009073 
Assam 0.~3710 0.018888 0.029005 0.016863 
Bihar 0.024713 0.009161 0.090410 0.013698 
Gujarat 0.000386 0.012401 0.016152 0.022640 
Madhya Pradesh 0.002675 0.025824 0.095872 0.013541 
Tamil Nadu 0.000172 0.017676 0.039627 0.009043 
Jviaharash tra 0.000320 0.016424 0.036673 0.009295 
Karnataka 0.002883 0.007658 0.033607 0.04oo?l 
Orissa 0.001269 0.003312 0.173082 0.014979 
Punjab 0.007700 0.012266 0.036352 0.023503 
Rajasthan 0.003073 0.003413 0.008194 0.091499 
Uttar Pradesh 0.008808 0.010274 0.015175 0.016477 
West Bengal 0.004366 0.009224 0.023733 0.037551 
Delhi 0.013003 0.011765 0.007843 0.051807 
Haryana 0.000034 0.007801 0.007415 0.002024 

Indus try 342 

Bihar 0.028130 0.022844 0.010197 0.001258 

Gujarat 0.011339 0.015479 O.ll05398 

Tamil Nadu 0.006617 0.059397 0.001566 

Maharashtra 0.000047 0.007678 0.009484 0.001206 

Karnataka 0.025591 0.072341 0.000312 

.ttajasthan 0.000216 O.OOM\24 0.019921 0.002232 

West Bengal 0.000245 0.009151 0.014407 0.001122 

------ - - - - ----------- - - - - - - - - - -
(continued) 



Table A-9 (continuer!) 

------
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-- - --Ot.her 
F'uels ------ ------- ---------------- --

In-lustry 511 

Anc:lhra Pradesh 0.151722 0.007994 
Assam 0.088987 0.000038 0.020162 
Bihar 0.009222 0.121819 0.000018 0.000120 
Gujarat 0.124530 0.077786 0.000802 0.000740 
Kerala 0.000913 0.000023 0,000011 
i•:adhya Pradesh 0.201889 0.002076 0.000360 
Tamil Nar!u 0.107883 0,005450 0.000003 0.000877 
Maharashtra 0.051066 0.002864 0.000267 0.000084 
Karnataka 0.000243 0.000002 0.000042 
Orissa 0.088649 0.027800 0.000991 
Punjab 0.004966 0.001688 0.000005 0.000215 

kajasthan 0.029222 0.015313 0,000006 0.000252 

Uttar Pra-lesh 0.295349 0.004011 0.000512 0,000234 

\\'est Bengal 0.194481 0.014545 0.000135 0.000276 

------ - - - - - - - - - - - - - - ------ ------
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Table A-10 : Regional Energy Coefficients, 1970 

- - - - -
State Coal 

(TCRs par Rs.l,OOO output) 
- - - - - - - - - - - - - - - -

Patroleum Electricity Other 
Pro1ucts Fuels - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Anrlhra Pradesh 
Madhya Pradesh 
Uttar Pradesh 
Haryana 

Andhra Pradesh 

Assam 

Bihar 

Gujarat 

Kera1a 

Madhya Pra1ash 

Tamil Nar:lu 

Maharashtra 

Karnataka 

Orissa 

Punjab 

Rajasthan 

Uttar Pradash 

west Bengal 

Delhi 

Haryana 

Inr:lustry 211 

0.08011D 0.011692 
0.823728 0.051922 0.037186 
1.787835 0.080745 0.042093 0.014468 
0.454111 0.000337 0.030515 0.012449 

Industry 231 

0.085662 

0.062816 

0.206893 

0.180061 

O.U02423 

o .loll09 

0.026415 

0.066198 

0.035320 

0.249718 

0.125073 

0.142753 

0.169999 

0.104266 

0.318419 

0.114972 

0.004804 0.156619 0.002404 

0.003462 0.153978 0.003963 

0.003373 0.076884 0.004835 

0.019217 0.200723 0.001475 

0.023955 0.164139 0.020250 

O.JJ24l0 O.l5~b5J 8.J02~25 

0.023536 0.184857 0.001617 

0.129070 0.199475 0.006045 

0.07B250 0.164401 0.005996 

0.001607 0.085686 0.001455 

0.006328 0.116723 0.006839 

0.012042 0.135764 0.002243 

0.003948 0.160491 0.003981 

0.004155 0.137337 0.012180 

0.002616 0.092191 0.001087 

0.005618 0.114232 0.002634 

- - - - -,. 

(continued) 
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Table A-10_ (continue~) 

State - - - - - - - - - - - - - - - - - - - -Coal Petrolo3um Electricity Other 
Products Fuels - -·- - - - -- - - - - - - - - - -

Andhra Pradesh 
Gujarat 
Madhya Pradesh 
Tamil Nadu 
Maharashtra 
Karnataka 
Orissa 
Uttar Pradesh 
West Bengal 
Haryana 

Andhra Pra~esh 
Bihar 
Gujarat 
Tamil Nadu 
Maharashtra 

Antfhra Prarlo3sh 
Bihar 
Gujarat 
Kera1a 
Tamil Nat:lu 
Maharashtra 
Uttar Pradesh 
West Bo3ngal 

In~ustry 271 

0.735249 
0.703083 
0.767614 
0.360853 
0.145460 
o. 740768 
1.219347 
0.908631 
1.023928 
0.958340 

0.056198 0.544088 
0.144643 0.428069 
0.035331 0.134799 
0.135721 0.315755 
0.063353 0.181107 
0.102141 0.428641 
0.031744 0.314205 
0.035553 0.345821 
0.014334 0.232943 
0.004710 0.087763 

Int:lustry 311.1.1 

0.000023 0.205674 
2.523416 0.079027 
0.000071 0.026508 
0.004249 0.155472 
0.000949 0.230296 

0.474827 
0.049610 
0.685420 
0.361601 
0.635865 

Industry 311.2 

0.301525 
0.229099 
0.342590 

0.014361 
0.022576 
0.974735 
0.216985 

0.164494 
0.000435 
0.604018 
0.209137 
0.324816 
0.194757 
0.062892 
0.020376 

1.088036 
1.546361 
0.114411 
0.573635 
1.872904 
0.381620 
1.066920 
0.584652 

0.013698 
0.007057 
0.000611 
0.008706 
0.007685 
0.010792 
0.015881 
0.003532 
0.015377 
0.004249 

0.001128 
0.032389 
0.003136 
0.003832 
0.002146 

0.003626 
0.062737 
0.098465 
0.001594 
0.020283 
0.009506 
0.058931 
0.011675 

- - - - - - - - - - - - - - - -
(continued) 
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Table A-10 : (continued) 

- - - - -
State 

-------

Andhra t'rarlesh 

Gujarat 

Tamil Nadu 

Maharashtra 
West Bengal 

Bihar 

Gujarat 

Kerala 

Madhya Pradesh 

Tamil Narlu 

l-1aharashtra 

Karnataka 

Orissa 

West Bengal 

Bihar 

Maharashtra 

Uttar Pradesh 

West Bengal 

Delhi 

Haryana 

Anrlhra Prarlosh 

Gujarat 

Madhya Prarlesh 

Uttar Pradesh 

West Bengal 

Delhi 

Haryana 

- - - - - - - - - - - - - - - - - - - - -
Coal Petroleum &lectricity Other 

Proriucts Fuels 
- - - - - - - - - - - - - - - ~ - - - - - - -

Inrlustry 311 (R) 

0.002918 
0.126879 0.120008 

0.003134 
0.000039 0.179893 
0.136180 0.038580 

Inrlustry 331 

1.871441 
1.653487 
0.038135 
1.995899 
0.152499 
0.755857 
0.161844 
1. 765209 
2.383491 

0.212269 
0.255994 
0.064287 
0.091368 
1.188118 
0.703562 
0.066789 
0.197657 
0.026379 

Inrlustry 332 

3.042107 
0.027900 
1.672340 
0.682037 
1.573147 
0.022976 

0.057050 
0.734865 
0.343153 
0.553955 
0.334989 
0.429507 

Industry 333 

3.386751 
1.220569 
1.874682 
2.684822 
0.603052 
2.380095 
1. 720953 

0.001749 
0.539784 
0.324613 
0.018965 
0.172037 
0.005602 
0.005993 

0.650223 
0.133227 
0.192648 
0.269647 
0.234550 

0.158990 
0.049605 
0.110316 
0.120290 
0.121061 
0.198739 
0.070494 
0.163226 
0.153757 

0.016077 
0.183954 
0.089821 
0.115163 
0.073099 
0.257459 

0.106722 
0.162543 
0.174733 
0.218083 
0.170820 
0.118768 
0.154477 

0.021356 
0.001881 
0.007175 
0.003970 
0.004257 

0.006777 
0.402466 
3.137910 
0.421510 
0.046949 
0.103420 
3.431941 
0.618300 
0.000791 

0.147908 
0.014363 
0.116960 
0.006986 

0.001066 

0.076195 
0.027939 
0.046943 
0.012831 
0.346511 
0.032354 
0.001722 

- - - - - - - - -
(continued) 
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Table A-10 : (continued) 

- - - - - - - - - - - - - -------State Coal - - - - - - - - - -Petroleum Electricity Other 
Prorlucts Fuels - - - - - - - - - - - - - - - - - - - - ~ - - -

Inrlusta 22!t 
Andhra Pradesh 2.156lu0 0.032747 0.696951 0.002707 
Bihar 2.487924 0.034891 0.568126 0.004858 
Gujarat 2.074393 0.616446 0.446647 0.003471 
Madhya .l:'radash 2.280750 0.047152 0.425446 0.006856 

Tamil Nadu 1.812639 0.289737 0.584189 0.005625 

Karnataka 2.281470 0.041514 0.722774 0.003871 

Rajasthan 2.810636 0.035879 0.228984 0.010541 

Industa 241.1 

Andhra Pradash 0.018702 0.150047 0.131303 0.007046 
Assam 0.048905 0.145542 0.156497 0.004639 
Bihar 1.690898 0.126026 0.182492 0.254965 
Gujarat o.uOJ002 0.091266 0.073118 0.005493 
Madhya Prarlesh 0.189599 0.049152 0.255499 0.001344 
Tamil Nadu O.u03158 0.087243 0.112318 0.011234 
Maharashtra 0.006550 0.106698 0.177804 0.007577 
Karnataka 0. 313123 0.382030 2.357848 0.565152 
Orissa 2.080885 0.079258 0.215233 0.002247 
Punjab 0.161160 0.061831 0.077417 0.010213 
Uttar Prarlesh 0.133096 0.092115 0.354405 0.037197 
West Bengal 0.149166 0.070115 0.201861 0.033544 
Delhi 0.017914 0.122386 0.056549 0.058391 
Haryana 0.089140 0.094033 0 .1_60343 0.007203 

- - - - - - - - - - - - - - - -
(continued) 
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Table A-10 : (continued) 

- - - - - - - - - - - - - - - - -State Coal - - - - -Petroleum Electricity Other 
Products Fuels - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Andhra Pradesh 
Assam 
Bihar 
Gujarat 
Madhya Pradesh 
Tamil Nadu 
Maharashtra 
Karnataka 
Orissa 
Punjab 
Rajasthan 
Uttar Pradesh 
West Bengal 
Delhi 
Haryana 

Bihar 

Gujarat 

Tamil Narlu 

Maharashtra 

Karnataka 

Rajasthan 

West Bengal 

Intiustry 341 ( R) 

0.007863 
0.061046 
0.675553 
0.004063 
0.047772 
0.001069 
0.003646 
0.024056 
0.019394 
0.071540 
0.024923 
0.120096 
0.069775 
0.135604 
0,000311 

0.146817 
0.165564 
0.061797 
0.063036 
0.134555 
0.099922 
0.113907 
0.013993 
0.021002 
0.063626 
0,006703 
0.052401 
0.051596 
0.053055 
0.040653 

Industry 342 

0.152931 
0.080270 
0.595482 
0.069953 
0.463125 
0.195538 
0.347643 
0.168520 
2.362242 
0.233438 
0.032025 
0.061469 
0.135699 
0.029763 
0.054934 

0.045891 
0.150921 
0.100466 
0.119729 
0.084066 
0.041376 
0.048704 
0.275434 
0.106313 
0.165101 
0.502819 
0.100079 
0.302677 
0.276692 
0.0130.38. 

0.572300 0.140217 0.066618 0.013492 

0.065702 0.123596 0.019916 

0.043393 0.373112 0.007590 

0.000417 0.043408 0.057661 0.005743 

0.166009 0.337592 0.001596 

0.001920 0.018692 0.094756 0.019142 

0.003035 0.049121 0.106186 0.006872 

- - - - - -----------
(continued) 
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Table A-10 : (continued) 

------ -------------State Coal Petroleum Electricity Other 
Products Fuels -------------- - - - -------

Anrlhra Prarlesh 

Assam 

Bihar 

Gujarat 

Kera1a 

Marlhya Pradesh 

Tamil Nadu 

Maharashtra 

Karnataka 

Orissa 

Punjab 

Rajasthan 

Uttar Pradesh 

West Bengal 

-------

Inrlustry 511 

3.121851 0.060793 

1.141708 0.000132 

0.232499 0.824428 0.000034 

1.751031 0.772829 0.003574 

0.004551 0.000048 

5.584589 0.013021 

3.163954 0.053446 0.000008 

1.096168 0.049240 0.001362 

0.000895 0.000013 

3.471949 0.261796 0.002873 

0.046854 0.024178 0.000016 

0.201433 0.186568 0.000023 

4.476556 0.017166 0.000417 

4.672856 0.160558 0.000484 

0.000519 

0.003348 

0.000060 

0.001656 

0.003728 

0.003175 

0.000175 

0.000609 

0.001192 

0.001089 

0.002127 

- - - - - - - - - - - - - - - - - - - - - -
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